This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


lii:'^ 


i4li4li8i«'i«.:iiR|StS5S|}j 
iiiiiiiiiiiiiiiiiiiif  '  .  '") 


TEXT-BOOK 


PATHOLOGY 


ALFRED  STENGEU  MJ). 

Professor  of  Clinical  Medicine,  UniYersity  of  Pennsylvania ;  Physician  to  the  Penn- 
sylvania, University,  and  the  Philadelphia  Hospitals 


"Witb  399  f  Uuetratione  in  tbe  XLcxt,  mani^  oX  tbem  in  Colore,  and 
7  tulUpage  CbromolitbO0rapbic  platee 


FIFTH  EDITION,  THOROUGHLY  REVISED 


PHILADELPHIA   AND   LONDON 

W-   a   SAUNDERS     COMPANY 
1906 


Set  up    electrotypcd,   printed,  aod  copyriKhted  September,  1898.     Revised,  reprinted,  and 

recopyrighted  March.  1899.     Reprinted  August.  1899:    November,  1899.     Revised, 

reprinted,  and     recopyrigfated    October,   1900.       Reprinted  July,   1901; 

September,  1903.    Revised,  reprinted,  and  recopyrighted  July,  1903. 

Reprinted  March,   1905.      Revised,  reprinted,  and 

recopyrighted    September.   1906. 


Copyright,  1906,  by  W.  B.  Saundbrs  Company. 


■LECmOTVPfD  BY 
WCrroOTT  A  THOMSON,    PHILAOA. 


PRESS    OF 
W.   B.   SAUNDERS  COMPANY 


PREFACE  TO  THE  FIFTH  EDITION 


Ik  the  revn^ion  for  tiie  prei*ei>t  eclition  the  author  has  felt  it 
ij^-eessary  to  reconstruct  a  large  part  of  tht*  si'ctiniis  dealing  with 
(reneral  Pathology,  The  chapters  on  Intlanunation,  Iramnnity, 
imd  Animal  ParaRites  liave  l>een  extensively  revised  and  somewhat 
augmented. 

It  has  been  difficult  to  esca|>e  tlie  teniptatiou  lo  intrtKhice  new 
matter  under  the  headings  of  Pathologic  Physiology,  but  the 
author  has  decided  that  ftir  the  purposes  which  liis  hook  is  intended 
to  fidhll,  sufficietit  had  been  introduced  in  previous  editions,  and 
that  only  such  revision  as  increased  knowledge  required  was  desir- 
able. 

The  volume  has  been  increased  in  size,  but  the  general  characs- 
let  of  the  work — that  of  a  text-book  for  students  and  practition- 
ers— has  been  retained.  It  is  a  pleasure  ti>  acknowledge  the 
courteous  eo-operation  of  Messrs,  Saunders  Com|Mny  and  their 
generous  willingness  tn  rce^ist  plates  and  otherwise  spare  no  ex- 
pense in  making  the  present  i'ditic»ii  wliat  the  author  desired, 

ALFRED  STENC;EL. 
I*I1J1^A11ELPM1A»  ^ptanher,   1906. 
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PREFACE. 


In  writing  this  book  the  author  has  tried  to  pre.seiit  the  sub- 
ject of  Pathology  in  a>?  practiriil  a  form  as  possible,  and  ahvays 
from  the  point  of  view  of  the  clinical  pathologist.  Con.s^iderable 
parts  of  the  book  were  tiryt  prepared  and  used  as  the  basis  of 
demonstrations  npni  clinical  pathology  for  studcntjf  of  medicine  ; 
prominence  is  thcrefure  given  to  puthologie  physiology,  and  dis- 
cursiveness and  citation  of  authorities  are  avoided. 

Except  in  a  few  instances,  disensston  of  methods  of  examina- 
tion has  l>een  omitted,  because  it  seemed  unwise  to  iJi crease  the 
size  of  tlie  book  with  matter  that  is  ajipropriatcly  presented  in 
special  works  on  teeliniqne.  For  similar  reasons  the  author  hajs 
decided  to  exclude  the  pathology  of  the  i>kin  and  of  the  organs 
of  special  sense. 

Controversial  matter  lias  Ix^en  avoided  as  much  as  possible, 
excepting  in  certain  parts  of  the  sections  on  General  Bacteriology 
and  on  Neuropathology ,  in  which  it  seemed  proper  to  discuss 
conflicting  theories. 

Full  use  has  been  made  of  w^orks  on  pathology  and  of  special 
monographs  in  English  ixs  well  as  in  French  and  Germau, 

The  author  is  greatly  indebted  to  Dr,  Samuel  »S,  Kneaj5S  and 
Dr*  Alonzo  E.  Taylor  for  assistance  in  tlie  sections  on  General 
Bacteriology  and  the  Degenenitiuus  in  Part  I,,  and  especially 
to  Dr.  Joseph  Sailer,  who  prei^ired  ahnost  wholly  the  sections 
on  Neuropathology,  Acknowledgment  is  also  due  Mr.  Thos. 
F.  Dagney,  of  Mr.  Saunders'  editorial  office,  i\\v  his  uniform 
courtesy  and  assistance  in  many  ways,  and  >Ir,  R,  \\\  Greene 
for  the  preparation  of  the  Index. 
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PART    I 


GENERAL  PATHOLOGY. 


Pathoi/>gy  h  the  gcien<'e  tluit  deah  with  disoajie  in  n\\  its 
aspei'ts*  It  iQclmles  the  study  of  the  ouu^ies,  the  nianitestatioiis, 
and  the  re,5iilts  of  disease. 

Three  iraportant  subdivisions  of  the  j^tndy  of  patluil^jrry  are 
recognized,  viz.,  efiofor^tf,  or  t!ie  study  of  the  e.niseis  of  disease; 
morbid  or  pathokfgic  anafouttf,  the  study  of  the  stnietnnil  i-Jian^es 
in  disease  ;  and  morbid  or  puihohgh'  pbifHtohf/if,  the  stuily  of 
disturbauees  of  funetif>n.  In  the  latter  group  is  ineluded  jtathf/- 
logk  chani^trif,  as  uiurljid  eheniieal  aetiun  and  its  results  are  the 
outcome  of  disturbed  function. 

Pathology'  may  be  divided  into  fjemral  and  iiprnal  pathology. 
The  former  treats  of  causes  af  dist^ase  an<l  pathologic  processes 
irrespective  of  any  imUvidual  part;  the  hitter  deals  with  the  causes 
or  processes  in  individual  diseases^  orgtms,  or  jvarts. 

Disease  itself  may  l>e  defined  as  abuHrniality  in  structure,  in 
function,  or  in  botii  condiined.  It  is  doubtful  uliether  alteration 
of  function  can  occur  without  some  altenition  in  structure,  but  it 
frequently  hap|jens  that  fruictional  disturl>au('es  are  present  though 
no  structural  alteratiuns  are  discoverable  even  by  the  most  j>reeise 
methoils  of  investigation, 

The  ffi/mptoms  of  dismsc  are  the  expressions  oi'  abn(*rm:d  finic- 
tional  activity,  and  aR*  therefore  properly  discussed  under  the 
head  of  pathohigtc  physiology ;  but  they  are  so  iniportiint  from  a 
pructieal  standpoint,  and  funn  so  extensive  a  suljjeet  of  inves- 
tigutiuu,  tiiat  they  are  usually  euusidered  apart  from  patliolt>gy, 
ID  spei^ial  treattsea  dealing  with  diugnofiiis  and  the  practice  of 
mediciQc. 
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CHAPTER  I. 

THE  ETIOLOGY  OF  DISEASE. 

The  causes  of  disease  may  be  classified  as  predisposing  and 
determining.  The  former  prepare  the  system  or  part  by  rendering 
it  weaker  and  less  resistant ;  the  latter  are  the  immediate  or  spe- 
cific causes  of  disease. 

Predisposing  Causes. — The  normal  system  is  abie  co  cope 
with  the  determining  causes  of  disease  to  a  certain  point  by  its 
general  vitality  and  regulative  functions.  Thus  heat  and  cold 
may  prove  harmless  if  not  too  intense  or  prolonged.  In  the  case 
of  exposure  to  heat,  the  superficial  capillaries  become  dilated, 
sweating  increases,  and  there  is  increased  heat  dissipation  fipom 
the  surfece  at  the  same  time  that  increased  respiratory  function 
occasions  evaporation  and  loss  of  heat  through  the  lungs.  In 
the  case  of  exposure  to  cold,  increased  muscular  exercise  leads  to 
greater  heat  production,  while  contraction  of  the  superficial  blood- 
vessels restricts  the  elimination  of  heat.  When,  however,  a  cer- 
tain point  of  intensity  is  reached  in  the  case  of  heat,  cold,  or  other 
causes  of  disease,  the  normal  organism  is  unable  to  oppose  suffi- 
cient resistance,  and  disease  or  injury  results.  The  degree  of 
resistance  differs  in  different  individuals,  in  different  races,  or 
people  living  under  varying  climatic  conditions,  etc.  In  some 
the  degree  of  resistance  may  be  so  great  that  certain  diseases  are 
never  contracted.  The  term  immunity  (q.  v.)  is  applied  to  this  state. 
In  other  persons  there  is  a  recognizable  w^eakness  of  resistance  in 
one  direction  or  another  which  constitutes  a  definite  predisposition. 
The  latter  may  be  either  hereditary/  or  acquired.  Acquired  pre- 
disposition results  from  previous  disease,  vices  of  living,  and  like 
causes. 

Heredity  as  a  predisposing  factor  in  disease  is  probably  less 
important  than  was  formerly  believed,  but  undoubtedly  plays  a 
part  in  many  conditions.  By  hereditary  predisposition  is  desig- 
nated abnormal  weakness  of  resistance  transmitted  from  the  mother 
or  father  to  the  offspring.  There  may  be  congenital  weakness 
that  is  not  definitely  hereditary,  as  it  is  more  or  less  accidental — 
that  is,  not  the  outcome  of  tendencies  of  the  same  kind  (latent  or 
active)  in  the  parent.  Heredity  may  be  direct  or  immediate — 
that  is,  from  the  parent  (himself  or  herself  presenting  the  condi- 
tion) to  the  offspring— or  remote^  as  in  cases  in  which  the  hereditary 
trait  is  latent  in  the  parent.  One  or  several  generations  may  thus 
he  free  fn)m  certain  diseases  or  tendencies  which  reappear  in 
later  generations.  This  return  to  conditions  present  in  remote 
ancestors  has  been  likened  to  atavism  in  the  Darwinian  sense.  In 
some  cases  hereditary  traits  are  conveyed  from  the  male  parent  to 
the  male  children,  or  from  the  female  parent  to  the  female  off- 
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spring ;  in  other  cases  there  is  crossed  transoiissioii.  A  peculiar 
form  of  heredity  is  seen  in  iieniophiliu  iiml  some  ythcr  tliseases, 
which  are  transmitted  through  tlio  I'eniule  irK*ml>ers  of  a  family, 
who  fifenerally  remain  Tuiatfectetl,  to  tlie  male  offspring.  Heredi- 
tary toaits  sometimes  predispnjTe  to  a  nuinlier  of  allied  afleetioos. 
^  This  is  partieularly  striking  in  the  ease  ot*  tlie  nenrupathie  heredity, 
in  which  various  f{>rms  of  nervous  disease  may  a|»pear  alternately 
or  irregularly  in  members  of  an  atl'ected  family* 

A  number  of  theories  have  been  cniiHtructed  lo  explain  the  mechanism 
of  heredity,  Darwin  in  his  hypothesis  of  |»angeneais  suggested  that  minute 
tiarticles  are  ^iven  off  from  all  of  the  cells  of  the  body ;  these  are  collected 
m  the  reproductive  cells»  which  in  consequeuce  represent  all  of  the  bodily 
characteristicH,  hereditary  aad  acquired.  Weismann  denied  the  transiaiis- 
sibility  of  acquired  characterii^tics,  and  holdi*  that  in  the  process  of  reproduc- 
tion a  certain  amount  of  **  gcrm-pla»m  "  passes  froai  the  parent  cell  into 
the  offspring,  where  it  remains,  and  is  in  turn  passed  ou  to  succeeding  genera- 
tiond,  ifiux  perpetuating  iinrc^stral  characteristicH, 

Determining  Causes. — Among  the  im mediate  or  deter- 
mining eaiijics  i>\'  disease  ait^  those  whieh  originate  outside  tlie 
body  and  thi>se  whielj  are  generated  within  the  liody.  Athou^ 
the  former  are  ineluch'd  traumatism,  heat,  eold,  and  other  physieal 
agents,  poisons,  and  living  organisms,  ineludiug  haeteria  and  va- 
rious animal  parasites.  The  causes  of  diseavse  originating  within 
the  hody  itseH  are  less  definitely  known,  but  it  Ims  been  ibnnd  in 
eheraiail  studies  tliat  variuns  prodoets  of  normal  nietulM>lism  when 
aeeumuhited  lualmormal  quantity,  <)r  prodnets  of  tlisturbcd  nietab- 
oli^^m,  may  oeeasion  Im'al  or  widespreiui  disease  t*l'  various  sorts. 
This  self- poisoning  is  designated  aiito-intoxieation. 

The  term  "aato-intoxic^tion '*  is  frequently  applied  to  poisoning  by 
products  of  intestinal  putrefaction.  This  application  of  the  terra  ia  not, 
strictly  speaking,  correct.  The  same  poisons  might  have  been  produced  by 
putrefaction  of  furxl  outside  the  body,  when  the  use  of  the  narneauto-intoxi' 
leatioD  would  be  niauifestly  absard.  If  poisona  are  produced  by  imperfect 
digestion,  and  these  sifTeet  the  organi:§ni|  the  condition  contd  properly  be 
termed  auto-intoxication. 


TRAUMATISM. 

Traumatism,  or  nieehanieal  injury,  may  be  of  various  sort.% 
gradual  or  siid<hMi,  suuill  or  large  ;  and  the  etfeets  are  fiependent 
upon  the  form  and  severity  of  the  injury*  Presmwe  brouglit  tcj 
bear  upon  a  part  h^ads  todistnrivanees  of  the  circulation  and  more 
or  Ies6  direct  injury  of  the  eeHuIar  elements.  When  the  pressure 
ii*  gnidiuil  true  atrophy  of  the  ]iart  may  oeeur,  as  in  the  case  of  the 
atrophic  liver  resulting  frtmi  lacing.  Whcu  the  pressure  is  greater 
and  the  circulation  is  eomplefely  arrested  more  destrnetive  change 
may  result,  such  as  necrosis  or  gangrene.  This  is  seen  in  the 
ntfcrotic  atrophy  of  l>one  resulting  imm  the  pressure  of  aneurysms, 
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or  the  gangrene  of  extremities  resulting  from  ligation.  Wounds. 
— Frequently,  inflammatory  reaction  occurs  in  the  surrounding 
tissues  when  traumatic  injuries  have  been  sustained.  This  is 
illustrated  in  all  forms  of  wounds,  and  it  is  through  the  inflam- 
mation and  subsequent  regeneration  of  tissue  that  the  areas  of 
destruction  are  restored.  In  eases  of  injury  by  fine  particles,  as 
in  powder-marks  of  the  skin,  or  the  surface  injuries  sustained  by 
miners  and  metal-workers,  or  in  individuals  inhaling  shaq)  par- 
ticles like  coal-dust,  marble-dust,  or  steel-filings,  small  injuries  of 
the  tissues  result.  The  foreign  bodies  may  be  subsequently  dis- 
charged, leaving  a  focus  of  infliimmation,  or  the  inflammation  may 
surround  the  particle  imbedded  in  the  tissue,  and  encapsulation  by 
fibrous-tissue  formation  may  occur.  Large  injuries  in  which  the 
tissues  are  contused  or  broken  may  lead  to  extensive  inflamma- 
tion, in  part  the  result  of  the  direct  injury  to  the  tissues  and  in 
part  the  result  of  injury  of  the  blood-vessels. 

Gross  traumatism  of  the  body  as  a  whole,  as  in  falls,  crushing 
injuries,  etc.,  causes  various  disturbances  according  to  the  part 
mainly  involved.  Rupture  of  the  viscera,  as  the  lungs,  heart, 
liver,  spleen,  stomach,  or  intestines,  may  occur.  When  the  head  is 
violently  struck,  unconsciousness  is  common  as  a  consequence 
of  either  disseminated  punctiform  hemorrhages,  large  focal  hem- 
orrhages, or  obscure  and  possibly  only  functional  disturbances. 
Commotio  cerebri^  the  condition  occurring  in  sucih  cases,  may  be 
fugacious  or  may  lead  to  permanent  disonler  dej>endent  upon 
organic  changes  in  the  brain.  Spinal  symptomi^,  met  with  after 
railway  injuries  and  like  accidents,  may  be  due  to  hemorrhage 
and  secondary  morbid  processes  in  the  cord,  or  may  be  due  to  the 
uncertain  pathologic  conditions  constituting  hysteria. 

PHYSICAL  CONDITIONS. 

Heat. — High  temperatures  pnxluce  local  or  general  results 
according  to  the  mode  of  api)lication  and  degree  of  heat. 

Local  cxcesH  of  heat  produces  various  lesions.  Moderate  excess 
leads  to  relaxation  of  the  walls  of  the  blood-vessels  ;  with  increas- 
ing grades  of  tem])erature  there  is  in  addition  necrotic  change  in 
the  cells  of  the  part,  and  exudation  of  serum  causes  vesicle  for- 
mation. Still  higher  grades  of  temj)erature  j)ro<luce  immediate 
destruction,  perhai)s  with  charring,  of  large  or  small  areas,  while 
the  surrounding  tissues  suffer  from  reactive  inflammation  and 
hyperemia.  Extensive  burns  involving  one-third  or  more  of  the 
surfa(;e  of  the  body  frecpiently  cause  death.  Tn  these  cases  it  is 
likely  that  poisonous  proilucts  are  formed,  either  directly  through 
tissue-  and  blood-destruction,  or  indirectly  through  disturbances 
of  the  functions  of  the  skin  or  internal  organs.  The  immediate 
maimer  of  death  is  often  in  the  form  of  shock ;  when  the  termi- 
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Dadon  is  more  ilelaveil  various  vasrnhir,  lieniir,  and  tisKiie-<:li.s!urb- 
unces  may  uoriir.  TiitrnviiM-iilar  magiikition  is  not  iiiUK-^iiaU  and 
is  not  improbably  the  rej?iilt  ol"  the  liberntioii  into  thf  bUnMl  of 
tissTie-elements  set  free  in  the  areas  of  local  destrnetion,  or  to  8iib- 
st^inecs  pro<liicc(l  by  tlireet  (Ic^tnietion  of  tixe  lilood.  The  siiine 
sub*itanecs  iiiiiy  aeeouut  fi)r  tin*  existence  of  ivvvv  f ferment  intoxi- 
cation)* The  intmviisi'ular  eoa^ulation  eaused  in  this  or  other 
ways  may  indnee  venons  ,<ti\i^\s  and  Inealized  liniinrrhatrej^.  Ffieiil 
necrosis  or  degeneration  of  the  tissues  of  various  tnpms,  snt-h  as 
the  liver*  kidneys,  or  the  nnieous  and  serous  memhnines^  may  be 
due  to  tltronibotie  oeehision  of  vessels,  or  to  the  inflnenee  of  cir- 
culating pHsons  without  tlirciiidiosis,  or  to  both.  Marked  changes 
are  found  in  the  lyuiphatii-  jL!;lund>  as  wull  as  in  the  Malpiglnan 
botlies  of  the  spleen  and  in  the  bone-marrow*  These  chantj:;es 
present  themselvt-s  as  arras  of  leukueytic  degenemtion  containing 
actively  phagocytic  endothelial  cells  and  surrcumded  by  a  zone  of 
lymphocytic  invasion,  Tlie  lesions  are  not  unlike  those  produced  l>y 
abrin,  riein,and  haeterial  toxins.  Duodenal  ulcer  is  oiten  referred 
Xa)  as  an  m'eiLsional  result  of  extensive  liurns.  The  blood  itself 
may  present  evidence  of  disease  in  the  form  of  degenerations  of 
tile  corpuscles,  in  the  rctluetion  of  their  number  and  of  the  amount 
of  coloring  matter;  while  regenemtive  changes  frequently  present 
themselves  some  time  lattir  (iiue!eatj(Hl  red  eorpnscles).  Changes  in 
the  urine  mav  nr-eur  in  (*ases  of  extensive  luirus,  in  consequence  of 
the  tissue-dest ruction  (hemoglobinuria,  albumosuria)* 

Exposure  to  genera!  high  (emperatHre  varies  in  its  eflects  accord- 
ing to  the  manner  of  exposure  (dry  air,  steam,  etc.).  An  animal 
€X{)OBed  to  a  constant  temperature  somewhat  aliovc  the  usual 
surrounding  tempemture  [>resents  a  slight  increase  of  its  body- 
heal,  which  is  eom|H'usaled  Jur  l*y  increase  in  tlie  respirations 
and  pulse-rate*  Mueh  higluT  temperatures  may  cause  death 
by  C04igulation  of  the  tissues ;  n<»tal)ly,  the  muscular  struct- 
ure of  the  heart  or  the  respinitnry  nniselcs.  liefore  this  extreme 
is  reachetl,  however,  it  nuiy  be  fniind  that  the  consumption  of  the 
tissues^  of  the  hmly  is  greatly  in  excess,  thougli  the  respinitory 
quotient  is  altered  in  fav(U'  of  the  amount  of  air  inhaled,  ('(in- 
tinuous  ex{>osure  to  cx(*cssive  lu'at  fretpiently  causes  peculiar  dis- 
turbances in  man,  known  as  heatstrokes  sunstroke,  or  insolation 
and  heat-exhaustion.  In  these  i'(Hiditiuns  hyjKTemia  and  edema, 
or  even  inflammation  of  the  meninges,  may  occur.  These  lesions 
are  sometimes  supjxjsed  to  be  the  result  of  the  direct  effect  of 
the  heat ;  but  there  is  reason  to  beheve  that  tliey  may  be  ot*ca- 
sioned  by  pasouous  substiuices  produced  within  tlie  body  by  dis- 
turbe<l  metabolism,  as  a  result  of  the  heat.  One  evideiu'e  of  the 
effect  on  the  blood  of  continued  elevation  of  tempemture  is  the 
appeaninee  in  the  red  blood-coqiusch.^s  of  basophilic  gmnules — 
granular  degeneration  of  Grawitz,     (See  chapter  on  BIocmJ.) 
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A  portion  of  the  body,  as  an  arm  or  a  leg,  may  be  exposed  for  a 
limited  time  to  excessive  temperatures  (300*^  to  400°  F.)  in  dry 
air  without  injury.  The  general  temperature  is  slightly  elevated, 
but  metabolism  is  practically  unaffected. 

The  effects  of  general  or  local  heat  are  much  increased  when  the  organ- 
ism as  a  whole  or  in  the  part  involved  is  below  par.  A  paralyzed  limb  is 
burned  or  scalded  at  comparatively  low  temperatures. 

Cold. — Exposure  to  extreme  degrees  of  cold  may  cause  results 
quite  similar  to  those  produced  by  heat.  Exposure  of  the  skin  to 
liquefied  air,  solidified  mercury,  or  other  substances  at  excessively 
low  temperatures  produces  vesiculation  and  necrosis  of  the  tissues 
like  those  produced  in  bums. 

Exposure  of  the  body  to  greatly  reduced  but  bearable  tempera- 
tures of  the  surrounding  atmosphere  causes  vascular  disturbances 
followed  by  necrosis  of  the  tissues  and  inflammatory  changes. 
The  parts  so  affected  are  the  extremities  or  projections  of  the 
body,  like  the  toes  and  fingers,  nose  and  ears.  The  primarj"^ 
result  of  cold  is  vascular  constriction  and  local  anemia.  These 
serve  the  purjwse  of  preserving  the  body  heat  by  preventing  heat 
radiation  ;  later  the  blood-vessels  are  paralyzed  and  extreme  hyper- 
emia results.  Then  cellular  exudation  and  necrosis  may  occur. 
These  changes  are  well  seen  in  the  condition  termed  chilblain. 
In  prolonged  exposure  to  cold  there  are  a  gradual  reduction  in 
the  activity  of  the  various  organs  and  a  gradual  obtunding  of 
the  sensibility  till  the  patient  becomes  comatose.  The  retention 
of  excrementitious  products  of  metabolism,  or  the  formation  of 
products  of  abnormal  metabolism,  may  be  important  in  causing 
this  condition. 

Exposure  to  cold  plays  an  important  part  as  a  clinical  cause  of 
disease.  Various  forms  of  pharyngitis  and  coryza  or  bronchitis 
so  frequently  follow  such  exposure  that  the  term  "  cold ''  is  gener- 
ally used.  Other  conditions, like  rheumatism,  pleurisy,  pneumonia, 
and  the  like,  bear  a  similar  relation.  It  is  now  recognized  that  in 
most  of  these  cases  cold  is  merely  a  predisposing  cause,  the  imme- 
diate cause  being  in  many,  if  not  all,  cases  specific  micro-organ- 
isms. The  mode  of  action  of  the  exposure  is  uncertain  ;  probably 
it  causes  a  reduction  in  the  resisting  powers  of  the  organism  and 
thus  favors  the  activity  of  bacteria.  In  some  cases  it  may  be  that 
the  cold  alters  the  fluids  of  the  body  in  such  a  way  as  to  permit 
increased  virulence  of  micro-organisms  already  i)resent,  or  to  pro- 
mote their  entrance  into  the  system. 

Increased  Atmospheric  Pressure. — Exposure  to  extreme 
pressure  of  several  atmospheres  may  occur  among  deep-sea  divers, 
or  in  men  working  in  caissons  used  in  bridge  building.  But  little 
disturbance  may  be  caused  at  first,  or  for  a  long  time ;  but  on 
return  of  the  workmen  to  the  usual  atmospheric  conditions  synip- 
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tonis  make  their  appearance  (caisson  disease)*  Among  these  symp- 
toms are  bleeding  fruni  the  nasal  or  other  mucous  membranes, 
great  depression,  delirium,  and  pandytic  eonditiuns.  Congestion, 
degenerations,  and  vacuolations  in  the  spinal  cord  have  been  dis- 
covered in  some  ca^^es. 

Decreased  Atmospheric  Pressure.— Effecti^  of  decreased 
presi-itire  are  seen  in  inhabitants  of  high  altitudes  and  in  persons 
ascending  in  baUoons.  Marked  excitement  of  tlie  vascular  system, 
hemorrhages,  somnolence,  weakness,  vomiting,  and  similar  symptoms 
are  observed  ;  in  less  marked  cases  a  general  excitement  of  the 
nervous  systc»m,  sleeplessness,  etc.,  occur.  These  symptoms  have 
been  attributed  to  hick  of  oxygen,  and  compressed  air  and  oxygen 
have  been  successfully  used  to  combat  them  ;  but  experiments 
sliow  tliat  the  air-pressure  may  be  as  low  as  400  mm,  of  mercury 
without  interference  with  the  respiratory  exchange  of  gases.  To 
a  certain  extent  the  symptoms  are  prohalily  mechanical  and  due 
directly  to  the  reduced  pressure  on  the  exterior.  Recent  studies 
show  that  the  blood  contains  greatly  increased  numbers  of  red 
corpuscles  in  a  given  volume,  and  the  j>ereentage  of  hemoglobin  is 
correspondingly  inrreastcL  This  is  probably  due,  to  a  large  extent, 
to  disturlxujce  in  tlie  ilistriliutirm  of  the  fyrpusrles  with  stagnation 
in  the  pcriphenil  vt^ssels  (see  Diseases  of  the  Blood), 

Instifficiency  of  Respiratory  Air. — A  certain  amount  of 
air  is  necessary  Uir  the  c^mtinuance  of  Ilea  It  li  or  life.  Insutticieney 
may  be  due  to  iliseases  which  olistruct  the  air-passages  or  affect 
the  puhnonar\'  tissue  itself,  and  to  foreign  l>odies  (solid  Ijodies,  water 
in  drowning)  within  the  a ir-))assa ges,  Cliang4's  in  the  atmosphere 
or  gases  taken  into  the  lung  may  cause  insufiieiency  in  the  supply 
of  oxygen,  notal>ly  in  C'0-pois(ming,  in  wliich  the  foreign  gas  enters 
into  firm  combination  with  the  hemoglobin  of  the  blood  and  thus 
excludes  oxygen. 

Moderate  decrease  of  the  supply  of  air  causes  labored  and  rapid 
breathing,  more  or  less  cyanosis,  depression,  and  stupor.  This 
condition  is  termed  a.'iphi^xia,  Oimplete  lack  of  air  causes  increase 
of  these  symptoms  and  death  by  Hiiffhitition.  In  tliesc  cases  the 
blood  is  exceedingly  dark  and  fluid,  and  hemorrhages  may  be 
found  in  various  situations.  TIjc  latter  result  frrjm  excessive  IdotKl- 
pressure  during  tlie  death  aguiiy.  L4>ng-ri>ntinueil  insufficiency 
of  oxygen  may  directly  or  indirectly  oecasion  degenemtive  dis- 
eases of  tlie  tissues* 


It  has  often  been  aaserted  that  anemia  caasea  many  of  iU  symptoms  and 
results  because  the  hiaod  ia  incapable  of  carrying  Hufficient  oxygen  in  its 
reducfKl  state.  As  a  mutter  of  fact,  however,  nhysiolngic  experiments 
hare  demonstrated  that  the  respiratory  exchange  (nihalation  of  oxj'gen  and 
exhalation  of  earbonic  acid  gas)  is  biit  little  affected  and  is  as  frequently 
tDcreasei  jls  decreaied. 
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Blectric  Influences. — The  eflTects  of  powerful  electric  cur- 
rents and  discharges  on  the  tissues  resemble  those  produced  by 
bums.  Locally  a  dry,  crisp,  excavated  lesion  is  produced.  Later 
hyperemia  and  appearances  resembling  moist  gangrene  develop. 
The  underlying  muscles  are  more  or  less  paretic.  Uhanges  in  the 
blood-vessels  and  a  fluid  state  of  the  blood,  extending  to  some 
distance  from  the  local  lesion,  have  been  observed.  Very  power- 
ful and  fatal  discharges  in  some  cases  produce  hemorrhages  in  the 
floor  of  the  fourth  ventricle  and  petechiae  in  the  serous  membranes 
and  elsewhere.  Death  seems  to  be  caused  by  powerful  inhibition 
of  the  heart. 

^fleets  of  X-rays. — Exposure  of  healthy  or  unhealthy 
tissues  to  X-rays  causes  cellular  degenerations  and  necroses  with 
secondary  inflammatory  reaction.  The  skin — being  most  im- 
mediately exposed — is  the  most  susceptible  of  normal  tissues ;  but 
diseased  tissues  and  new  growths  are  still  more  readily  affected, 
probably  because  of  their  less  stable  condition.  The  epithelial 
cells  of  the  skin  suffer  first  and  most  intensely,  the  glandular 
cells  of  the  skin  are  less  prone  to  degeneration.  Swelling  and  de- 
generation of  the  endothelial  and  other  cells  of  the  blood-vessels 
and  thromboses  may  in  part  account  for  some  of  the  results  of 
X-ray  exposure. 

POISONS. 

Definition. — The  term  poison  may  be  applied  to  substances 
which  when  introduced  in  relatively  small  amounts  into  the  living 
organism  disturb  its  structure  or  functional  activity. 

The  Action  of  Poisons  in  General. — Gaseous  poisons  act 
primarily  ujx)n  the  respiratory  mucous  membranes  with  which  they 
come  in  contact,  or  after  absorption  into  the  blood  disorganize  this 
fluid  or  lead  to  disturbances  of  the  nervous  system.  Liquid  poi- 
sons are  generally  absorbed  through  the  gastro-intestinal  mucous 
membrane,  but  may  be  received  directly  into  the  tissues  by  injec- 
tion under  the  skin.  They  are  rarely  absorbed  through  the  skin. 
Solid  poisons  must  in  all  cases  first  be  dissolved,  and  are  then  ab- 
sorbed like  the  liquid  poisons.  They  may  by  their  strong  attrac- 
tion for  water  absorb  the  latter  directly  from  the  tissues,  and  by 
this  process  alone  may  bring  about  imjx^rtant  changes. 

The  lesions  due  to  a  poison  may  be  entirely  local,  as  in  the 
case  of  certain  corrosives  or  caustics ;  in  other  cases  the  point  of 
entrance  is  unaffx?cted,  the  pathologic  manifestations  being  en- 
tirely due  to  the  changes  in  different  parts  of  the  body,  or  to  ner- 
vous disturbances  resulting  from  the  circulation  of  the  poison  in 
the  blood. 

The  fate  of  poisons  after  ingestion  is  very  different  in  dif- 
ferent cases.  Some  poisons  circulate  with  the  blood  and  are 
eliminated  unchanged.     Others  may  suffer  chemical  change  within 
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the  stomach  or  other  cavities  ot  th^*  bwly  before  absorptioo^  and 
may  be  either  completely  TientraliztMl,  or  may  he  converted  into 
forms  which  are  ^miiisequciitly  slowly  aljsorhed*  After  absorption 
into  the  ld<MHl  other  chemical  reactions  may  occur,  and  t!ie  pojsim 
may  lie  more  (ir  less  nciitndizfd,  tlic  system  then  s^ntlonnt;:  either 
fnjin  the  rcsultino;  coinp(»unds  or  frmn  the  clmn)^ed  eoaditions  (*f 
the  lilorHh  Active  destruction  of  the  ikhsou  may  occur  in  the 
blood  or  in  the  various  ortrans,  espeiidly  the  liver.  In  these 
processes.^  however^  the  glandular  ortraus  may  stiffer  seriously, 
various  fonns  of  degeneration  or  necrosis  rcsultinji.  Certain  pcji- 
gODs^  like  the  toxins,  enter  into  clicurical  eunibiuation  with  cells 
of  the  body,  and  remain  fixed  in  this  way.  (For  further  details 
see  Imnuuiity,) 

The  effect  of  poisons  depends  upon  tlie  dose  as  well  as  upon 
the  nature  of  the  sulistanec^  and  also  upon  the  imlividuaL  The 
repeater!  ingestion  of  certain  |ir>isons,  such  as  arsenic  or  opium, 
may  generate  a  considerable  degree  of  immunity  or  tolemnce 
(Mithridatization).  Similar  immunity  may  he  clianicteristie  of  a 
given  indi  vidual  or  of  chis,ses  or  species.  Susccptibi lity  to  the  action 
of  |K>isons  is  further  intbienced  by  age  and  constitutional  vigor. 
Chikln^n  hear  certain  poisons  better,  com j)a rati vely  speaking,  than 
adults,  while  the  reverse  is  true  of  other  substances.  Sotnetimcs 
there  are  idiosynenisics  which  learl  to  peculiar  results  not  observed 
in  the  average  indi%-iduaL  In  coasccpicnce  of  this,  substances  ordi- 
narily not  toxic  may  l)c  extremely  injurious  to  certain  jiersons. 

8otiietiiued  poisons  are  comparatively  iDnocuoiis  when  administered  in 
one  way,  tlioiigti  powerfully  toxic  to  tlie  saine  auiami  when  otherwise  intro- 
duced. Thus  in  dogs  intravenous  injeclion  of  atropin  is  very  slightly  in- 
jurious, but  injection  into  the  spinal  cord  of  minute  doses  causes  rapid 
{yoisoDing.  Borne  reeent  experiments  indicate  that  the  leukocytes  are  capa- 
>le  of  fixing  inorganic  pokons  and  thuis  afting  aw  defensive  agencies.  Non- 
fatal doeeii  of  poisons  (arsenic)  cause  iirst  diminution  of  the  polymorphonu- 
clear leukocytes,  followed  by  hyi>erleukoeyt(jsis ;  and  the  poiBon  is  found  in 
abundance  in  thef^e  lenkoeytes.  Fatal  doseB  are  unattended  w^ith  the 
secondary  stage  of  leukocytosis  or  the  leukocytic  fixation  of  the  pois§on* 
The«e  resulte  need  further  eontirmation. 

£limmatioil. — ^The  excretion  of  jmisons  may  tiike  place 
thront^li  the  kidneys,  Innt^s,  the  mneous  menibmne  of  the  i^^stro- 
intestinal  tract,  the  mammary  |l:;1ihkIs,  or  through  the  skin.  In 
some  instances  a  poison  is  eliminatcfl  without  change  in  the 
excreta ;  in  oilier  cases  it  sntfcrs  complete  ehange,  and  is  not 
present  at  all  in  the  excretions.  The  nite  of  elimination  varies 
greatly,  and  is  nn>rc  or  less  dc]>endcnt  upon  cunilitions  of  the 
system.  Some  poisons,  as  phosphorus  and  nicrcniy,  may  he  stored 
up  within  tfic  hmly  for  a  considerable  period,  subsequently  sutler* 
iog  sh»\v  elimination. 

ClESSification, — The  number  of  suhstinees  wfiieh  may  act  as 
poii^ms  is  very  great,  and  the  manifestatioiis  are  cd'  veiy  different 
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sorts.  Classification  of  poisons  is  therefore  difficult  and  not  en- 
tirely satisfectoiy.  We  may  crudely  distinguish  between  gaseous, 
liquid,  and  solid  poisons ;  between  animal  and  vegetable,  organic 
and  inorganic,  and  the  like;  but  these  classifications  have  no 
scientific  value. 

From  the  point  of  view  of  the  action  of  the  poisons  we  may 
distinguish  corrosive  poisons,  or  those  which  have  a  local  action ; 
organic  or  parenchynia-poisons,  or  those  which  act  less  strongly  at 
the  point  of  application  than  upon  the  various  organs  to  which 
they  are  conveyed  through  the  blood;  blood-poisons,  or  those 
which  exercise  their  effects  primarily  upon  the  blood;  and  the 
nerve-poisonSj  or  those  which  disturb  the  functional  activity  of  the 
nervous  system  without  producing  definitely  discoverable  lesions. 

Oorrosive  Poisons ;  Escharotics ;  Caustics. — Under  this  heading 
are  included  various  acids,  alkalies,  and  mineral  poisons,  such  as 
sulphuric,  nitric,  oxalic,  carbolic,  and  hydrofluoric  acids,  caustic 
potash  or  soda  and  ammonium,  and  gases  like  chlorin  and  bromin. 
Nitrate  of  silver,  bichlorid  of  mercury,  sulphate  of  copper,  and 
other  inorganic  compounds  have  a  similar  action,  and  certain 
organic  bodies,  such  as  cantharidin  and  croton  oil,  belong  to  the 
same  class. 

All  these  poisons  exercise  a  destnictive  effect  upon  the  cells 
with  which  they  come  in  contact,  partly  by  abstraction  of  water 
and  partly  as  a  result  of  a  coagulating  power  or  similar  action. 
The  acids  and  mineral  caustics  usually  produce  dry  and  more  or 
less  discolored  areas  of  necrosis ;  the  caustic  alkalies  cause  a  sort 
of  gelatinous  change  or  a  saponification  of  the  tissue.  The  degree 
of  injury  jdepends  upon  the  poison  and  the  amount  in  contact  with 
the  tissues.  There  may  be  only  a  superficial  injury  of  the  outer 
layer  of  epithelial  cells,  or  extensive  destruction.  Reactive  inflam- 
mation is  almost  always  present,  and  often,  especially  in  the  mucous 
membranes,  the  inflammatory  reaction  is  extensive  though  the  cor- 
rosive action  of  the  poison  is  limited  in  depth  and  extent.  The 
affected  part  may  present  slight  areas  of  necrosis  with  reactive 
hyperemia  and  inflammation  beneath  and  around  them,  or  deep 
eschars,  vesicles,  or  large  bullae.  In  the  process  of  healing 
extensive  scars  may  form,  and  these  may  be  serious  in  their  effects, 
as  in  the  case  of  strictures  of  the  esophagus. 

Organic  Poisons;  Parenchsrina-poisons. — This  large  group  in- 
cludes many  metallic  compounds  that  have  a  local  corrosive  or 
escharotic  effect,  but  which  may  in  smaller  dose  gain  entrance  to 
the  blood  and  cause  extensive  organic  lesions.  It  also  includes 
poisons  of  vegetable  origin  and  products  of  bacterial  growth.  In 
general  these  poisons  have  a  similar  action.  The  kidneys  and  the 
mucous  membrane  of  the  intestines  are  especially  active  in  their 
elimination  and  suffer  most  seriously.  Degenerations  of  the  epithe- 
lial cells  of  various  sorts  are  met  with,  such  as  nuclear  degenera- 
tionsj  coagulation  necrosis,  fatty  degeneration,  and  even  calcifies- 
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tion.  The  changes  \i\\\\  he  diffus*^  cw  may  ouvwy  m  small  focL  III 
the  latter  c^^e  small  areas  of  trnmiilar  appearanco,  having  a  lighter 
color  than  tlie  syrruimdhig  tissiieSj  are  seen  ;  and  on  sUiining  tlie 
cells  are  iVnind  to  eolor  poorly  or  not  at  all,  the  nuclei  often  slew- 
ing this  cliange  first.  Nitelear  degenemtions  (fnignientation,  liypcr- 
chroniatosis,  etc.)  are  ohserved,  and  in  sftnie  instances  niarkeil  tatty 
degeneratiLm  of  the  eetls  oeeurs.  Around  the  foci  of  degeneration 
tliere  is  more  or  leas  ronnd-cell  infiltnitiun  (polymoiphornicvleiir 
cells),  and  to  a  less  degree  the  tlegenenitetl  area  itself  is  intiltmted. 
In  rases  in  which  dift'use  ehange  occurs  there  is  eqnally  diffuse 
round-cell  intiltmtion.  After  the  acute  process  has  snlvsiVled 
hyperplasia  of  the  connective  tissues  may  oeeur  and  the  ailected 
part  heeomcs  more  or  less  sclerotic  or  indurated.  Regeneration 
of  the  parenehynia-ecUs  is  less  apt  to  occnr. 

Some  of  tlie  more  important  of  the  poisons  of  tlie  group  may 
now  be  separately  considered. 

PhoBphorus  is  a  poison  of  cousiderahle  activity  in  the  yellow 
form  ;  the  red  variety  is  ijiert.  Worknicu  in  match  factories  are 
the  most  frequent  victims  of  this  Jbrni  of  intoxication,  but  oeca- 
sionally  accidental  j>oisc»ning  l>y  swallowing  occurs.  In  the  latter 
the  manifestations  are  acute.  The  [lathologic  changes  are  catarrhal 
inflammation  of  the  g:istro-intcstinal  nuieous  mi'mhrane  and  more 
or  less  widespread  fatty  degeneration  of  various  tissues  and  otgraos* 
The  liver  sutlers  most  severely,  being  enlarged,  light  yellow  or 
reddisli  in  color,  and  friable  or  tloughy,  Mi(*rosco|iica!ly  the  liver- 
cells  are  fonnd  extensively  degenerated  (fatty).  Sinu'hir  hut  less 
inarkeil  fiitty  degeneration  is  foiuid  in  the  renal  tubules,  gastro- 
intestinal epithelia,  and  heart-nujsch:',  and  in  the  iutima  of  the 
blood-vessels.  Extensive  jaundice  is  frcfjuent  and  numermis 
hemorrhages  mayrx'cnr.  In  tln"  more  chronic  j>i>isoning  of  mateh- 
makers  the  |>oison  enters  tlirough  the  inoutli  and  respiratory  pas- 
gages,  being  inspired  as  dust,  Chronic  eatarrlud  inflanrmation  of 
the  respiratory  tract  may  occur  and  a  peculiar  form  of  neci'osis  of 
the  bones  (see  Hones)  is  met  with. 

Arsenic  is  poisonous  in  certain  forms  (wliite  arsenic,  arsenous 
acid)  and  inert  in  other  forms  (the  sulphids).  Acute  jKHSiUiiug 
occurs  when  toxic  forms  are  swallowed  in  large  doses  ;  the  chronic 
forms  of  poisoning  result  i'rom  gradual  ingestion  or  the  inhalation 
of  dust  containing  arsenic.  Cases  of  the  latter  sort  occur  when 
wall-|>aper,  hangings,  and  the  like,  colored  with  arsenic-pigments, 
are  used,     Tlie  lesions  in  acute  arsenic-poisoning  resendile  those 

i)rr»duced  l>y  phosphorus.  The  gastro-intestinal  inllammatiou  is, 
lowever,  miire  seven* ;  while  t!ie  fatty  degeuenition  of  the  organs 
is  less  marked.  In  chronic  arsenic-jMiisoning  clituiges  in  the 
peripheral  ner\'es  (degeneration  and  inflammation)  are  most  ira- 
[K>rtant.  It  is  likely  that  focal  or  diffuse  myelitis  may  likewise^  be 
caused  by  tliis  poison.  Chronic  in  Ham  mat  ions  of  the  gastro-intesti- 
oal  or  respinitory  mucous  membranes  are  met  with  in  some  cases, 
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Tnflanioiatory  lesions  and   pigmentation   of  the  skin  may  oeonr. 

Lead. — Amon^  the  eoniponnt].H  luading  to  acute  or  siihaente 
poisoning  the  ehroniate,  the  acetates,  the  carbonate,  and  oxid  are 
most  important,  t'liroiiic  poisouin^  oeeurs  in  workmen  in  iMiirii 
munnfaetories  and  anmn^  painters,  ajid  in  persons  drinkinj^  certain 
waters  that  luivo  licen  eoialueted  throriirh  h^ad  ]iipcs.  Less  rarely 
the  nse  of  eosnu  Hes,  dyestulfs,  etc,  eontaininf;  leatl  cinises  elironic 
poisoning.  In  the  acute  forms  of  lead-pois<ming  moiierate  gastro- 
enteritis oeeurs.  In  tlie  chronic  form  changes  in  the  ners'ous  rvs- 
tem  aiT  most  important.  Peripheral  neuritis  is  the  most  frequent 
lesion,  but  eliangcs  in  the  larjj^e  gtuiglionie  cells  of  the  gmy  matter 
c^f  the  cord  have  sometimes  hrvti  fimnd.  Dilfuse  pclern^is  of  the 
hlood-vessels,  iuterstitiiil  nepliritis,  and  the  lesiems  of  gont  may  be 
present.  Atrajihy  and  fatty  degenemtiou  of  the  mnsele-tiher'^  are 
less  imiH>rtant  lesiuns.  A  bhie  line  on  tljc  gums  at  tlie  junction 
with  the  teeth  (due  to  dej^osit  of  sulpliid  of  lead)  is  a  lesion  of 
clinical  importaure.  A  constant  ami.  alninst  path^»gnonionic 
clumge  is  found  in  a  peeuliar  degrncratioii  (basic  degeneration)' 
of  the  erythrocytes.     (See  eluipter  un  lihiod,) 

Mercury ^^ — Poisoning  with  mercury  may  be  acute,  subacute,  or 
ehmnie.  The  first  is  tine  especially  to  the  corrosive  elilorid  and 
other  mercuric  salts;  the  second  to  calomel  or  small  doses  of  those 
of  the  former  grou]*,  Chronic  poisoning  tieeurs  as  a  result  of  inhala- 
tion  II f  fimu  s  or  tlust  containing  mereury,  and  is  seen  in  w*n'kmen 
in  mirror  manufactories.  In  the  acute  cases  violent  inHammatorv 
and  necrotic  lesions  of  the  gastro^intestiual  tnu't  are  seen.  Paren- 
ehynuitous  degenerati^ui,  tatty  chrmgc,  and  even  ealeification  of  the 
renal  epithelium  may  occur;  and  fatty  degenenition  in  other 
orir^ms  inny  sometimes  lie  met  with.  In  sul>acutc  eases  miirke4l  by 
ptyalism  snuic  change  is  doubtless  present  in  the  salivary  glands, 
l>ut  tiie  Utiturc  of  tliis  has  mit  bei-u  detirmincd. 

Ergot.— Ergot  is  a  poison  capalilc  of  pro<lnt^ing  intense  toxic 
results.  It  contains  tw*o  important  toxic  principles,  spliacelinic 
acid  and  an  alkah)id,  eornutin.  Acute  piusouing  s^mietimes  re- 
sults from  y venl usage  ;  while  chronic  iutoxieatiun  m^eurs  fnau 
the  use  of  atfectt'd  grain,  piu^tieularly  in  famine  years.  Wide- 
spread jM>isoning  of  conruiunities  has  sonu'timcs  resulted.  The 
lesions  prmlueerl  are  not  definite  or  uniform,  tfastro-intestinal 
inflammation  and  erosion  of  the  mucous  nuanbrane  have  been  ob- 
served, bat  are  not  habitual ;  sclerotic  change  in  the  spinal  cord 
lias  been  found  in  a  few  eases,  (tangreue  is  a  frequent  lesion, 
profjably  resulting  from  vascular  obstruct  ion  due  to  eon  traction 
of  the  blood-vessels.  Enlargement  of  the  spleen  has  sometimes 
been  noted, 

Toxalbumins  from  Plants. — Certain  vegetable  bfidieSj  like 
ricin  fieri v^d  fn uii  tiie  castor  bean  and  abrin  derived  from 
jerpiirity  bean,  are  exceedingly  toxic,  acting  in  part  as  blood- 
poisons  but  also  as  parenchyma-poisons.     Injected  into  animals 


THE  ETIOLOGY  OF  DISEASE. 


29 


these  substaoces  cause  violent  intoxication,  ami  focal  areas  of 
neorosis  in  various  situations,  notably  in  the  liver.  In  part  tlioi^e 
lesions  result  from  vascular  thronilwrsis ;  in  part  from  din'^t  ac- 
tion. The  study  of  the  actinn  of  these  pois4)iis  is  of  partieuhir 
interest  from  the  reseuiblanee  of  the  le.sioib?  to  those  caused  by 
certain  bacteria  and  bacterial  [)oisi>ns. 

Toxic  Products  of  Bacteria.— In  the  grrowth  and  nndtiplica- 
tiou  of  various  bacteria  detinitc  toxic  substunces  are  nroduced, 
ami  tlirouj^h  tlic  latter  the  lesions  of  infection  arc  to  a  larii:c  ex- 
tent prodLieeil.  Sucii  poismious  iMxlies  may  l>e  j^enemted  \n  the 
growth  of  the  bact^^ria  outside  of  the  body,  as  well  as  within  the 
body.  In  the  latter  case  the  patlioloirie  lesitius  at  the  point  of 
infection  raay  be  the  fi>cus  of  ori»,dn  of  toxic  substances  which 
are  then  distributed  throutj^hout  the  liody  in  the  blood.  This  is 
eminently  true  of  tetanus,  and  to  a  iarjii^e  detj^ree  of  diphtheria* 
In  other  eases  the  bacteria  tljemselves  arc  tmusported  to  various 
parts  of  the  body,  ami  finding  lodirement  in  the  tissues  set 
up  changes  by  wdiieh  their  toxic  products  are  evolved.  The 
latter  increase  the  lt)eal  foci  of  ]>atholo.irie  chanfje  and  then 
5prt^ad  in  the  circulatiuu  and  cause  (general  intoxication.  Fur- 
trier  reference  to  these  p<»isoris  will  be  made  when  discussing  the 
individual   bacteria. 

The  venom  of  serpents  and  of  various  insects  contains 
toxic  biKlies,  some  of  which  are  albununous  in  nature.  These  vary 
ill  their  action,  being  to  some  extent  bl(KHl'poisous,  but  nuire  par- 
ticularly parenchyma-poisons.  The  lesions  produced  an.^  local  and 
^^ncrah  Locally  thi're  are  intense'  iuHammatory  reaction  and 
edema  amund  an  area  of  cell u hi r  necrosis  ur  di 'struct ion  where  tfie 
pois<jn  has  come  in  immediate  contact  with  the  tissues.  Tlie  blood 
i^eems  to  suffer  great  disorganizatirm  and  corpuscular  change. 
Petechial  hemorrliage  ami  foci  of  cellular  necrosis  f>ccur  in  various 
organs  ;  and  eclcma  of  the  luui,^?^  is  freipiently  prciient.  The  action 
of  the  venom  of  di iTerciit  animals  varii'S  in  kind  and  intensity  tii 
a  certain  extent »  but  is  in  general  of  a  simihir  type. 

Blood-poisoEs.^ — ^ Various  liquid  or  gaseous  substances  are  termcil 
l)hKKl-|Mjisous  Ijecause  of  their  esiK'cial  action  upon  this  liquid. 
The  blood-poisons  may  be  classified  as  (a)  those  which  combine 
nith  the  hemoglobin  without  changing  the  corpuscles  ;  (b)  those 
which  alter  the  red  corpuscles  and  the  coloring  matter  ;  {c)  tliose 
which  alleet  the  bloud  as  well  as  tlie  tissues  generally  ;  and  (d) 
tho^  which  eiiuse  changes  in  the  hlood-plasmaj  iucreasing  or  de- 
crtiiasing  the  tendency  to  clotting, 

(a)  Among  tlie  poisons  wliicliact  Ijy  entering  into  combination 
Mith  the  hemoglobin  withtmt  clianging  th<'  e<u'puscles»  carbon 
moDoxid,  cyanogen,  and  hydrogen  sulphid  ar*'  important.  In 
earbon-monoxid  [xasoning,  which  often  results  from  iidialatiou  of 
the  funiee  of  charcoal  burning  with  insidlicient  air»  the  IjIocx!  has 
a  light  color  au<l  light  iM^techial  <liscolorations  mny   be  seen  in 
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various  parts  of  the  body.  In  cyanogen-i)oisoning  the  blood  is 
similarly  light  in  color ;  while  in  HjS-poisoning  the  blood  is  often 
dark,  sometimes  quite  black. 

(6)  Among  the  poisons  which  disorganize  the  blood-corpuscles 
and  later  the  hemoglobin  are  a  large  number  of  chemical  agents 
used  in  medical  practice  or  in  the  arts,  including  potassium  chlo- 
rate, nitroglycerin,  anilin,  nitrobenzol,  various  coal-tar  derivatives, 
and  arseniuretted  hydro^n.  Certain  poisonous  plants  (toadstools) 
act  similarly.  These  poisons  lead  to  a  reduction  of  the  hemoglobin 
with  formation  of  methemoglobin  and  at  the  same  time  destruc- 
tion of  the  corpuscles  themselves,  with  release  of  the  hemoglobin 
into  the  serum.  The  altered  condition  of  the  blood  often  induces 
secondary  changes,  such  as  fatty  degeneration  and  hemorrhages  in 
various  organs.  The  blood-corpuscles  are  found  in  variously  de- 
generated conditions,  showing  microcytosis  and  poikilocytosis  in 
particular.  Nucleated  red  corpuscles  may  be  present  as  in  other 
conditions  of  blood-destruction  with  attempted  regeneration. 

(c)  Among  the  poisons  which  disorganize  the  blood  and  at  the 
same  time  cause  cnanges  in  the  parenchyma  of  organs,  reference 
has  been  made  to  abrin  and  ricin.  In  addition  to  the  organic 
changes,  these  substances  cause  certain  alterations  in  the  blood 
itseli,  increasing  the  coagulability  and  thus  inducing  thrombosis. 

id)  Various  substances  introduced  in  sufficient  quantity  are 
capable  of  affecting  the  plasma  of  the  blood  or  the  corpuscles  in 
such  a  way  as  to  affect  its  coagulability.  Calcium  salts,  carbonic 
acid  gas,  and  fibrin-ferment  arc  active  in  this  way,  but  the  last 
alone  produces  toxic  results  through  this  function.  Ferment-in- 
toxication may  occur  in  consequence  of  various  other  intoxications, 
when  corpuscular  or  tissue-^lestruction  has  liberated  the  ferment. 
Among  the  poisons  which  decrease  coagulability  peptone  (albu- 
mose)  is  imiK)rtant. 

Nerve-poisons. — This  grmip  contains  a  large  number  of  sub- 
stances capable  of  producing  violent  symptoms  and  even  death 
without  definite  change  in  the  tissues  of  the  bo<ly.  Recent  inves- 
tigations showing  certain  alterations  in  the  finer  structure  of  the 
nervous  system  in  disease  and  in  cases  of  intoxication  suggest  that 
histologic  changes  in  the  central  neurons  may  be  found  to  result 
from  poisoning  by  these  substances.  Changes  of  this  kind 
(changes  in  size  and  form  of  the  cell  and  nucleus,  thickening,  con- 
traction, or  disappearance  of  dendrites,  alterations  in  the  chromo- 
philic  bodies,  etc.)  have  been  described  in  the  gray  matter  of 
animals  poisoned  with  alcohol  and  certain  toxins  of  bacterial 
origin.  It  is  not  unlikely  that  similar  changes  will  be  found  in 
other  conditions. 

Among  the  nerve-poisons  are  alcohol,  chloroform,  ether,  and 
various  alkaloids  like  morphin,  atropin,  etc.  In  this  same  group 
might  be  included  some  of  the  poisons  contained  in  the  venom  of 
serpents  and   other  animals,   but   these   usually   cause    definite 
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lesions  in  the  blocMi  or  tissues  of  the  bcxly.  Another  irroiip  of 
ptiisoDi?  i>f  siiniilar  netiou  are  those  protltieeit  within  the  Imdy  by 
piitrt'lhetive  act  if  ►n  or  in  various  foodsliiti*?  before  iiigestioiu  Fre- 
quently cast's  have  been  observed  in  svliieh  all  tlie  meniliers  of  a 
family  or  even  large  nimibers  of  petypk*  liave  been  poisoned  by 
eating  certain  meats,  sausages,  iee-ereum,  and  other  foods.  In 
some  of  these  eases  it  has  been  found  that  the  toxic  element  was 
a  basie  eom pound  resembling  the  alkaloids  in  ehemieal  strneture. 
To  tliese  putrefactive  eomjHHUids  the  name  pfomain  h  given. 
One  of  these  co[ni)ounds,  wliicli  occurs  in  cheese,  and  occasion- 
ally in  milk,  has  been  termed  tyrotoxieon*  Intoxications  of 
this  class  must  be  distinguished  from  infections  resulting  from 
the  use  of  ff»od  contaminated  with  miero-<irganisms.  The  symp- 
toms may  be  so  rapidly  developed  (absence  of  inenbation  pericHl) 
and  so  immediately  generalized  that  the  distinction  can  l>e 
arrive<l  at  clinically,  but  the  absolute  diagnosis  is  made  liae- 
teriologieally. 

A  considerable  number  of  ptomains  have  been  s£*panited»  in- 
ehiding  neurin,  ol>taine<l  from  putrid  flesh  ;  nuiscarin  and  i*thy- 
lendiamin^  derived  fmni  decayed  fish  ;  mydalein.,  an<l  niydatoxin. 
Scmie  of  tlii'se  substances  produce  toxie  results  indistinguishable 
clinieally  fn>rn  those  produced  by  certain  alkaloids.  This  fact  has 
liecome  one  of  great  importance  iu  medicolegal  investigations, 

VEOETABLE   AND   ANIMAL  PARASITES. 

Vegetable  parasites  are  by  far  the  most  important  causes 
of  disease.  The  belief  in  a  living  cause  or  eontagium  vivum  is  by 
no  means  a  recent  acquisition,  Imt  the  actual  demonstration  that 
diseases  may  be  eauseil  by  minote  living  organisms  has  only 
recently  been  reached.  The  miero-organisma  in  question  (bac- 
teria) belong  for  the  most  part  to  the  vegetable  kingflom  and  con- 
stitute t!ie  lowest  orders  of  fungi.  Their  biologic  cliaracters  and 
tlicir  relations  to  special  diseases  will  be  describetl  in  a  subsequent 
ciapter. 

Etiologic  EelatloBship  of  Bacteria  to  Disease. — It  is  ditlicult  to 
prove  the  specitic  relation  of  bacteria  to  disease.  Koch  has  laid 
down  four  impoi-tant  laws  which  must  be  conformed  with  before 
the  etiologic  im|>ortanee  of  a  bacterinni  is  admitted.  These  are: 
(1)  the  bacterium  must  be  found  iu  the  diseased  person  ;  (2)  it 
must  be  cultivatal>le  upon  media  outsi<lc  the  bcMLly ;  (3)  pure 
cultures  introduced  int^^  a  healthy  animal  must  produce  the  dis- 
ease in  the  anima!  ;  and  (4)  the  bacterinni  must  be  recoverable 
from  the  body  of  the  animal.  In  a  number  of  diseases  micro- 
organisms have  been  prfjved  to  be  the  specitic  causes  according  to 
the  requirements  of  Kocli's  rules.  In  other  diseases  it  has  not 
hei»n  possible  to  furnish  absolute  [jroof,  thongh  the  presump- 
tive e\"idence,  furnislietl  by  constant  occurrence  of  the  bai'tcria, 
s^iiggei=tive  ass<jciation  with  the  lesions  of  tiie  disease,  absence  of 
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the  bacteria  in  other  diseases,  etc.,  is  sufficient  to  satisfy  all  but  the 
most  sceptical. 

Olassiflcation  of  DiaeaseB  due  to  Bacteria. — ^The  general  term 
infectious  disease  is  applied  to  all  such  as  are  caused  by  bacteria. 
In  some  cases  the  diseases  are  readily  communicated  from  person 
to  person,  even  though  contact  has  not  been  immediate.  These 
are  termed  contagious  diseases^  while  the  term  noncontagious  is 
given  to  those  in  which  such  ready  transference  is  not  obser\'ed. 
As  a  matter  of  fact,  the  distinction  is  artificial.  Any  infectious 
disease  may  be  communicated  from  the  diseased  to  the  healthy  if 
the  germs  or  bacteria  are  transferred.  In  some  diseases  this  trans- 
ference readily  occurs,  even  through  the  air  and  at  considerable 
distances ;  in  others  actual  contact  is  necessary ;  while  in  still 
others  secretions  or  excretions  of  the  diseased  must  be  conveyed 
to  the  healthy.  Contagiousness  is  therefore  a  matter  of  degree 
only. 

Infectious  diseases  may  at  times  spread  in  communities,  affect- 
ing large  numbers  of  people.  Such  a  dissemination  is  termed 
epidemic,  and  the  disease  an  epidemic  disease.  When  the  disease 
spreads  over  large  areas,  as  a  whole  country  or  continent,  the  term 
pandemic  disease  is  applied.  Other  infections  are  constantly 
present  in  a  locality;  for  such  the  terms  endemic  and  endemic 
disease  are  used.  Some  endemic  diseases  are  restricted  to  certain 
localities  and  seem  in  some  measure  dependent  upon  local  con- 
ditions (of  atmosphere,  soil,  etc.)  for  their  continuance.  These 
are  called  miasmatic  diseases. 

Infectious  diseases  are  frequently  described  as  loccd  or  general. 
Local  infections  are  those  that  present  specific  pathologic  change 
in  a  restricted  part  of  the  body  ;  the  general  organism  suffers  more 
or  less  in  consequence.  Examples  of  this  are  erysipelas  and  diph- 
theria. General  infections  are  marked  by  an  immediately  gen- 
eralized disease,  as  in  typhus  fever  or  plague.  Strictly  speaking, 
most  if  not  all  of  the  so-called  general  infections  are  at  first  local. 
Among  purely  local  infections  might  be  named  the  diseases  of  the 
skin  due  to  vegetable  micn)-organisms. 

Entrance  of  Micro-organisms  into  the  Body. — Bacteria  may  be 
inhaled  or  swallowed,  may  enter  through  abrasions  in  the  mucous 
membranes  or  skin,  and  may  be  transferred  in  utero  from  the 
maternal  to  the  fetal  blood.  The  mode  of  entrance  in  individual 
diseases  depends  upon  the  nature  of  the  bacterium,  its  habitat,  and 
surrounding  conditions.  Some  may  enter  in  but  one  way  ;  others 
gain  access  in  any  of  the  different  ways.  Details  reganling  this 
sul)j(»ct  will  be  given  in  the  discussion  of  special  infections. 

Animal  parasites  of  various  kinds  act  as  causes  of  disease. 
This  grouj)  of  diseases  is  termed  the  parasitic  diseases  or  invasion 
disen^es.  In  some  instances  the  clinical  course  is  similar  to  that 
of  infe(itious  diseases  (malaria,  dysentery,  trichinosis) ;  in  other 
cases  the  manifestations  bear  little  resemblance  to  infections. 
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CHAPTER   II 


DISORDERS  OF  NUTRITION  AND  METABOLISM. 

Food, — In  tlie  lifi'  of  th*^  orgaui^in  eortain  substances  are 
^  needed  for  the  repair  of  tissues  eoiiriiuiied  in  tfie  wear  aufl  tear  of 
'  life  and  to  supply  heat  mid  other  enerijy.  Among  these  foods  are 
proteids,  carhtilml rates,  fats,  inorgiinie  salts,  and  water.  A  con- 
tinuance of  normal  existence  rcrpiires  more  or  less  definite  propor- 
tions of  the  first  three  and  at  least  a  sufficiency  of  salts  and  water. 
The  amount  of  food  and  the  exact  projxirtions  vary  somewhat  iti 
individual  eases  and  under  var}'ing  circumstances.  Volt  found 
that  a  lahorin«^f  man  under  onlinary  conditions  ret|nires  118  j^.  of 
proteid,  06  g*  of  fats,  and  500  g,  (»f  carho hydrates.  The  protei^ls 
of  the  diet  are  nec-essary  to  restore  tissue- waste,  since  the  organ- 
ii?m  cannot  build  up  proteids  from  simpler  compounds.  This  con- 
aumeB  jwirt  of  the  nitrogenous  fouilstuJIs.  The  rest,  with  most  of 
the  fats  and  carbohydrates,  is  mainly  useful  in  contributing 
energy'. 

Diminished  Supply  of  Food ;  Inanition ;  Starvation. — 
KitluT  the  want  of  tuod  or  disorder  of  the  gastro-iutestinal  tract 
niiiy  lead  to  insufficient  uourislunent.  Tliis  causes  a  hiss  of  ijody 
weight,  as  the  neeessiiry  heat-]>mdueing  au<l  energy-giving  sub- 
i-Btanccs  must  be  snpjdied  to  muijitjiin  life,  and  the  tissues  are  con- 
Bunied  for  this  purpose.  The  tiits  suffer  fii>t  and  most  profoundly , 
then  carljohydrates  (giyct»gcn  of  liver  and  musclts);  unimjiort- 
ant  [^rts  are  reduced  l)eforc  the  vital  structures  aix^  attacked. 
The  subcutaneous  and  other  adi|wse  tissues  an<l  the  nnis€'les  first 
waste,  then  the  liver,  bones,  heart,  etc.  ^Nitrogenous  elimination 
is  reduced,  thougli  it  still  indicates  a  degree  of  tissue-waste  bewar- 
ing approximately  the  normal  ratio  to  the  weight  of  the  l>ody, 
Tlie  eldorids  in  the  urine  arc  regularly  dimiuislu'd,  while  calcium 
sak.H  are  increased  in  correspondence  with  the  tlestruction  of  osse- 
ous ti^ue. 

The  functions  of  various  organs  suffer  greatly  :  the  respirations 
and  heart-action  are  weak,  mustndar  exertions  arc  reduced  to  a 
miniaumi,  the  enduranee  and  nervous  force  decline,  the  Ijody- 
temperature  sinks,  and  finally  death  nu*y  occur  from  exhaustion  or 
secondary  affections  consequent  upon  the  disturbed  nutrition  (see 
Acid-iutoxication).  The  blood  in  starvation  preserves  its  corpus- 
cular richness  surprisingly,  even  after  prolonged  iRistinenee.  This 
h  doubtless  due  to  loss  or  evaporation  of  liquid  ;  the  actual  num- 
ber of  corpuscles  probably  suffers  reduction. 

Increased  Supply  of  Food ;  Overfeeding,— The  effect 
of  this  depends  upon  individual  conditions,  such  as  the  amouut  of 
exerci^,  the  surrounding  temperature,  and  less  easily  demonstrable 
.I 
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peculiarities  of  the  individual.  Ad  excess  of  proteid  food  leads 
to  increased  excretion  of  the  end-product  of  its  metabolism — urea. 
Experiments  have  shown  that  a  reser\'e  amount  of  albuminous 
tissue  may  be  built  up  by  excess  of  proteid  food.  This,  however, 
probably  rarely  occurs  in  health.  Great  excess  of  proteid  eventu- 
ally disturbs  digestion  and  leads  to  its  own  discharge  with  the 
feces. 

The  carbohydrates  and  fats  are  broken  up  in  the  body  and  ex- 
creted mainly  as  carbonic  acid  and  water.  An  excess  of  these 
foods  tends  to  cause  increased  dej)08ition  of  reser\'e  fat  and  gly- 
cogen, which  may  be  called  upon  at  subsequent  times  of  need. 
This  deposition  is  a  normal  or  physiologic  process  and  has  the 
distinct  purpose  just  indicateil.  Exceptionally  in  the  condition 
called  obesity  the  storing  up  of  fat  is  inordinate  and  probably 
pathologic. 

Obesity. — The  origin  of  fat  is  still  a  subject  of  controversy 
among  physiologists.  According  to  the  oldest  view,  which,  how- 
ever, is  still  adhered  to  bv  some,  and  has  indeed  been  strongly 
defended,  the  fat  of  the  body  is  derived  from  that  of  the  food,  and 
the  possibility  of  this  has  actually  been  demonstrated.  Under 
ordinary  circumstances,  however,  only  a  part  of  the  fat  is  so  pro- 
duced. Another  school  of  physiologists  maintained  that  the  pro- 
teids  of  the  food  break  up  into  a  nitrogenous  and  a  non-nitrogenous 
part,  the  former  being  finally  excreted  as  urea  and  other  substances 
or  repairing  the  tissue-waste,  the  latter  part  contributing  energy 
or  forming  fat.  At  the  present  time  it  must  be  admitted  that 
though  proteids  may  possibly  form  fat  in  this  manner,  the  actual 
demonstration  is  still  wanting.  The  main  source  of  fat  is  cer- 
tainly the  carbohydrates  and  fats  of  the  food. 

Causes  of  Obesity. — Excessive  ingestion  of  food  by  persons 
having  active  digestion  and  leading  sedentary  lives  may  occasion 
unusual  deposition  of  fat.  It  is  difficult,  however,  to  determine 
the  limits  between  physiologic  and  pathologic  fatness.  In  some 
cases  patients  assert  that  the  amount  of  food  has  not  been  exces- 
sive, and  this  may  be  actually  true.  Obesity  in  such  individuals 
is  undoubtedly  pathologic  and  due  to  some  inherent  abnormality 
of  metabolism.  A  further  proof  of  the  existence  of  such  a  ten- 
dency is  seen  in  certain  families,  in  which  excessive  fatness  is 
common,  even  in  childhood.  The  nature  of  this  metabolic  dis- 
order is  obscure.  It  has  often  been  held  that  the  power  of  oxida- 
tion is  lacking,  and,  as  a  matter  of  course,  the  amount  of  oxygen 
consumed  is  d(^cient  in  comparison  with  the  amount  of  food  in- 
gested. This  must  be  true,  or  the  fat  could  not  accumulate ;  but 
it  remains  to  be  shown  whether  the  diminished  oxygen-consump- 
tion is  the  primar}'  cause  or  only  an  incident  in  the  disease.  Ex- 
perimental investigations  in  cases  of  obesity  have  sometimes 
shown  slight  reduction  in  the  consumption  of  oxygen  but  con- 
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sidering  the  amount  of  inactive  tissue  (adipose)  in  siieli  persons 

the  retlucti<in   has  not  been  ^uffieient  to  pi'ove  siiboxidation  the 

f cause  of  the  disease.     It  must,  h<*wever,  be  adioitted  tliat  very 

Islijrht  reductions  (even  so  sli£j;bt  as  to  escape  detect i tin  owing  to 

"the  ranire  of  error  in  oljservations)  may  in  tlie  course  of  time  cause 

aceumuhition  of  fat.     Some  of  tlie  experiments  seem  to  indiciite  a 

retarded  oxidatinu  if  not  a  final  reduction, 

Patholoiric  Anatomy, — Tlie  excessive  adipose  tissue  in  this 
Ldisease  is  found  m  tlw  skin  and  siilx'utaueous  tissues,  in  the  umcn- 
■tum  and  [>critoneuui,  around  tlie  kithieyi^T  heart,  and  mediastinal 
tissues,  in  the  liver,  and  less  commonly  elsewhere.  The  amount 
varies  from  slight  excess  to  monstrous  deposits.  Secondary  changes 
in  the  org^ans  (notaljly  the  heart-muscle)  may  be  thie  to  pressure 
or  functional   inactivity. 

Associated  Conditions.— Fatness  is  more  or  less  closely  re- 
lied to  certain  other  diseases  of  nu'taholism,  sueh  as  diahetcs  aud 
rjpoiit.  Anemia  is  frequently  present  and  has  simuiimcs  been  re- 
ganleil  as  a  catise,  ojKTating  by  reducing  oxidation.  The  occur- 
reuce  of  fatness  in  eertain  nervnus  diseases  in  idiocy,  at  the  meno- 
pause, and  after  east  rat  ion  is  signilicant  of  nutritional  ilisordcr 
ic^Ksildy  (it*  neurutic  origin.  (  Further  discussion  of  this  subject  is 
Lieluded  under  Fatty  Inliiimiiou.) 

Excessive  Tissue-destrtictioti.— This  has  l>eeu  nferred  to 
in  connect iim  with  inanition  ;  but  it  may  ix-cur  as  a  condition  in- 
dependent of  the  amount  of  tbod  ingested.  Among  the  ctinditions 
in  whicli  this  is  observed  may  he  mentioned  fever,  iidections  ttr  of 
other  forms;  e!ir«>nic  iufectiotis  diseases,  with  iir  without  fever; 
tujuors,  especially  carcinoma  ;  int*ixieatic»ns  of  various  sort^  ;  some 
rases  of  Graves'  disea>se,  etc.  In  all  of  these  conditions  the  fats 
f*f  the  bo+ly  may  waste  as  in  simple  inanition  ;  but  there  is  an  early 
and  marked  tendency  to  consumption  of  the  nmre  important  pro- 
teid  structures.  This  hitter  eonsumptiiui  may  proceed  ahuig 
f)hvsiologie  lines,  or  tlicre  may  Ijc  ilistiuctly  pathologic  niodifica- 
tiou-s  sonietimcs  teadiug  to  serious  results  (sec  Aeid-iutoxicatiou). 
The  nature  of  the  nu^tabolic  distnrliauces  in  these  cases  i8  ob- 
scure, though  it  is  likely  that  toxic  substances  of  various  sorts  are 
the  direct  causes.  This  is  most  probable  in  the  aise  of  direct  in- 
toxications (phosphorus),  but  is  also  likely  in  other  cases.  In 
Graves^  disease  and  carcinr»ma,  as  well  as  in  fevers,  there  are 
I  doubtless  poisonous  substances  in  the  IdcMid,  but  wlietlier  these  are 
rthe  causes  of  the  nietiibolic  changes  or  not  requires  further  study. 
The  fact  that  thyroi<l  extract  is  capable  of  eansing  excessive  de- 
struction of  tissue  in  normal  or  obese  persons  is  significant  in  this 
connection. 

Add-itltoxication.  —  In  the  final  metabolic  transformation 
Pof  proteids  there  arc  produced  ammonium,  urea,  kreatiniuj  aud 
other    nitrogenous  substances.     The  formation    of   urea   is    still 
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.'  -^    ::v   in  ?.  ■::!•>  j<inioiilai>.     It   i>  oirtain  tliai  a  large  jiart  is 

rr:o:':»f*l  ia  the  liver,  and  ii   i?  pn»lKi}>le  that  i^^me  is  formed  in 

z'zr:  n  ^T^.^.e?-     The  inieniievliaie  ?ir^j«  in  the  manufacture  of  urea 

zji  i  I'l  r-een  drdnitfiy  dtitrmini-tl.  luii  it  is  known  that  the  liver 

ir  :-sziz.''\r  -i  LVUvtrniiiiT  ammonium  >alis  dirtvtiy  into  urea,  and  it 

if  rr  '^■^''\-ir  :ha:  amm-'iiium  is  an  im|^inauT  intermediate  pnxluct 

:  ZT-  'rii  :ra::^:-.rma:ion.     An  t-x*>-*-  if  aoiJ?  in  the  l>xly  ('either 

I  fr.ni  :r.:r.«iuo::'  ::  ir«^m  without  or  pr'*Iuo:i«»n  in  the  Ixnly)  is  in 

I  rsin  r.r  MTnliZi^i  by  alkaline  lus^^^^  in  th-.-  l»K>xi  and  tissue-juices, 

izi  :r.  :>ir:  ':y  an:nioa:um.     In  ivn-^e^juence  of  this  c«>n^umption 

:'  inzi  L:.:r-  ::.e  iinea  ot  the  urinv  ti'vre-a-es  anil  the  ammonium 

?;i.i?  jr*r  :z-::v-a?^>l.     The  quantity  ••!*  suoh   salt.s  is  therefore  in  a 

.1  n-e-jLjurv  i-  :r.'i:oati'»n  of  th^  ^'"•nditiou  which  ha*  l>een  termed 

'  i  .  :-'":■  x:  ti::  >n.    Wh^n  thv  t:x"I  alkalies  sodium  and  potassium) 

lt     '.-i    r.     :>  ::  f -r  n».utni'.:7a:i"!i  «t*  ai  i«i<.  the  alkalinity  of  the 

■'.  ••".    "i  '.    v.^.:.     For:'.:r.iit«  ly  ti;:-.  i-i  usually  pn-v.-nteil  hy  the 

I  1         .1-.-     •:' :i!::aiiMi:is::'..  "'.t  in  txtriuu  i^ii^'.s  of  aoid-intoxieatitni 

j  "L_-  i-„:_:.-.!.::ii  «irs  iwz  s-.::tiv*r-. 

Ei7*riz:en?al  acid-intoxication  i-  •:i-!'-y  rn^hutHl  in  aninuil>  liy 

■  :— •      J  :  -".;  w  ::h  :--^is  «l»:>r*v»/il  .■:'  :-.*.k;i'.::i-   Jas«:s  or  hy  •lin'Ct 

i :  _      •:-••.::  a  -f  a. -'is.     li\  tiiv  f-Trurr  -us^-  :ho  acids  isulphuric 

:>  .-ri  •--    -:>•'::  ir '■:'  :i:?»::r/.::v'^:- f--l  :  ;:::.'•   i.:..>si.horic  from  the 

-.1  -•      r>   >  -i'.:':.^  t'r  :v  :~'V-r-  :::ia::  :i  -f  rV*-!  and  tissues  must 

-»:  i-    --...'.  1--:  •  y  :*:>:  a'.k.-*!' -  ••:' :::-   :  ":>  M\d  :l.o  ammonium  pn>- 

:    — .    -   -.  -  •  7-«>>-    :'    :r*a-:''r:v.:-:i  ::  .:■.  ::>  livrr :  in  the  latter 

•L— -:   --   -  i-7  •  :  •  x.->-"f  aoi«i.     S     .  .i  :•:-::. :.'xi«.':i:i« mi  is  readily 

-.:■•'.   .-.    .  -.7  ::    r   >  air. :. ■..".!-.  :  -  :  .-  ;r.v.  ■•.:":  "f  pnneitl  f«>o«l 

-   -  -  :     •.  ■    : -r  .  :- ::^v   I  ::   ".::"!•    ..:..:v   :::::m  is  pro<luce«l. 

'"   -      -   -   -       -   -'.:..::  :.>  :•>     l-'rv  ■■.      n>  animal  breathes 

-.-:.-'    J-      •:   r.'. :■:«!.  r.;*.:-.  :'...r  ^^ t a kt:e<s.  ataxia,  and 
•   "       "•..-":   -:.-!*y  ..«::::i  ..r    ^  *..:ip'i«^.    ttmiinaie^  the  dis- 
-.  *        7  .  •   -"-.:■   ::  ■  :    ;\lk.il:  -  :  ::^v  ••»  :i;plt:vly  arrest  tlie 

-  •  -J*---    :   '.       '  :\  V:''   ::.  a:il  :::!!  r»  •:   "■  ::  !:  r::ay  'Xvur. 

A:ii-— ■:.:x::ji::cz   -jz    Man. — ^iv..  u    .:    -i'.'lar    symptoms  are 

■     -      ■—:.":•  .i"'^.—  •"•'.  ^^ "  ■  ".  .;:^^^:ls<:^^  alkalinity  of 

..i  - -. -•:  /■■:■..:•.  w    •."..■.■;  •.■•■.;in.  with  deen^ase 

-  -        \  -  -    •    :■    :"        :  ".      :'   ■-:..!:  'riranic  acid<.  have 

•  ■■        r  -     .;--.::::::  ::  :-  ^v.-r:^i!:>-il    that   the>e  are 


ill 


'  '.  tiiis'^vursarefivfr, 
-  •    y     :'   tl.e    liver,  severe 

•i  ^.i-iTr^-inttstinal  disease, 
r..  .:  oir.r-K?  'Xin  In?  detecteil 
-:r  -  ■Ttstiiuil  dis4>i\lers  are 
:"  -'  ".r.  aoid«*si'5.  Poisi^ns 
'  ■::  :  '.-y  the  metaln^lie  dis- 
:•    ■.  '?:  acids- 
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Anioug  these  acids  aR^  laotie,  sacrolactic,  sulphuric^  phosphoric, 
diafvtir,  ami  /9-c)xvbutyrie  urul.  These  in  part  combine  with  the 
fixfnl  alkalies  ana  with  amnumiuni,  and  in  part  are  excreted  as 
Rucfi.  8ume,  as  Kircolaetie  arid,  usually  suffer  deeoiii position  in 
the  IkkIv,  and  are  therefore  rarely  met  with  in  tlie  urine.  The 
important  acids  arc  oxybiityrie  and  diaeetic,  and  with  these  h  fre- 
quently cond>ined  aeetoue.  These  tiiree  bodies  may  he  derived  one 
livim  tlie  other  in  the  order  named.     None  of  them  is  in  itself  the 

ifij)eeit]c  eause  of  tlie  syniptoms  of  aeid-intoxieatiuu,  nor  is  any 
B|M?eial  acid  the  sole  cause.  The  symptoms  are,  on  the  contrary, 
probably  the  result  of  tlie  acidosis  in  general  and  of  its  direct  coil- 
sequene^^s. 

The  origin  of  the  acids  of  the  fatty  acid  series  has  been  the 

,  snhjet^t  of  much  enn trovers V.      It  has  Ijeen  held  that  oxybutyric 

'  acid,  diacetic  acid,  and  acetone  are  derivatives  of  ]irtrteid  decom- 
position ;  and  thi*  fact  that  these  bo<lics  increase  in  the  urine  of 
gome  diabetic  patient^s  when  small  amounts  of  carbohydrates  are 
supplied,  and  decrease  wlien  the  carbohydrates  an3  increased, 
suggests  that  destructive  deeom|Ki8ition  of  proteids  is  the  irnimrt- 

'ant  source,  though  il  may  not  be  the  only  or  invariable  source. 
Some  recent  investigations,  however,  go  far  toward  indicating  that 
tlie  tats  are  an  important  source,  if  not  the  most  important  source, 
of  the  bodies  in  question.  It  was  shown,  for  example,  tliat  the 
acids  and  acetone  conhl  be  increased  or  decreased  at  will  by  giving 
or  withholding  fats  in  ihc  dict^iry.  Recently  ^?-amidohutyric  aci<l 
derived  frnni  destructive  metabolism  of  tlie  buity  protcids  das 
been  regunhKl  as  a  possildc  antecedent  of  /s^-oxy butyric  iH'i<l.  It 
IS  doubtful,  however,  whether  this  view  will  he  confirmed. 

There  is  always  reduetiou  of  oxidation  in  cases  of  acid-int*ixi- 
cation,  l)ut  it  is  not  known  whether  tin's  is  the  primary  disturb- 
anee,  or  whether  it  is  but  an  aceompauiiuent.  Expcrim-^ntally  it 
has  been  shown  by  several  ol>scrvcrs  that  ihoiinution  in  tlie  supply 
of  oxygen  will  lead  to  increase  of  these  acids.  They  proliably  owe 
their  presence  to  excessive  prodnctitm  and  to  the  iailure  of  the 
normal  oxidation  which  would  reduce  such  bodies  to  simple  ex- 
cretory prrnl utns.  Otiier  substances  may  result  from  the  same 
tissue-destruction  with  insutlicient  oxitlation.  Among  these  are 
the  amidod>odies,  leucin  and  ty rosin,  found  in  the  urine  in  phos- 
phorus-poisoning and  acute  yellow  atrophy  of  I  he  liver  as  well  as 
in  other  condition^?, 

SymptomB. — The  symptoms  of  acid-intoxication  in  man  may 
be  quite  similar  to  those  seen  in  experiments  upon  animals. 
Marked  dyspnea  (air-hunger),  rapidity  of  the  pulse,  depression, 
stupor,  and  deep  coma  (coma  carcinoniatosum,  diabeticum)  are 
some  of  the  more  ])ronounced  nianifestations.  The  exphination  of 
the  symptoms  oceurring  in  acid-intoxication  is  not  entirely  clear. 
The   extreme  dyspnea  wdiieh    is    r*uc  of  the  aiost   characteristic 
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symptom.s  was  first  naturally  referred  to  asphyxia ;  but  as  it  has 
been  found  that  the  blood  contains  an  adequate  amount  of  oxygen 
and  a  ^n'eatly  diminishe<l  quantity  of  COj^  this  explanation  cannot 
hold.  It  is  probable,  however,  that  the  dyspnea  is  due  to  the 
inability  of  the  blood  to  cany  off  carbon  dioxid  from  the  cells,  in 
consequence  of  the  re<luction  of  available  alkali  owing  to  its  neu- 
tralization by  the  acids.  There  is  thus  a  decrease  of  oxidation 
frr>m  the  accumulation  of  carbon  dioxid  in  the  cells,  but  not 
asphyxia  in  the  onlinarj'  sense  of  the  word.  Some  have  l)elieved 
that  the  symptoms  of  acid-intoxication  are  due  to  certain  as  yet 
unkufAvn  toxins  which  are  produced  at  the  same  time  as  the  acids. 
There  is  no  direct  proof  of  this,  and  the  evidence  at  hand  would 
imlicate  that  the  acids  in  themselves,  by  reducing  the  alkalinity 
of  the  blood  and  by  disturbing  the  metabolic  processes  in  the  cells, 
arcf  sufficient  to  cause  the  symptoms. 

Formation  of  Albtunoses. — In  disturbed  conditions  of 
metalK>liam  albumoses,  or  probably  ver\*  rarely  peptone,  are  formed. 

The  caujteji  which  lead  to  the  presence  of  these  substances  in 
the  blf><Hl  and  their  excretion  in  tlie  urine  are  numerous.  Fever 
of  all  kinds  may  Iw  attended  by  this  condition,  and  it  may  occur 
in  the  course  of  suppurations,  or  other  forms  of  tissue-destruction 
(acute  yellow  atrophy,  phosphorus-|x>isoning).  It  is  found  in 
ulceration  of  the  gastro-intestinal  tract,  and  in  some  cases  of  new- 
growths.  The  occurrence  of  albumosuria  in  osteomalacia  has  long 
been  recognized. 

In  all  cases  there  is  rapid  tissue-tlestruetion  in  which  the  albu- 
min.-* become  hydrated,  forming  some  variety  or  varieties  of  albu- 
nifKrfr^,  and  possibly  in  rare  eases  peptone.  Formerly  the  term 
peptonuria  was  generally  used  to  designate  what  is  now  called  albu- 
nK>r-ijria.  The  presence  of  albumoses  in  the  blooil  causes  no  well 
recr)^ize<l  results.  It  is  known  that  they  retard  coagulability, 
and  their  ingestion  often  causes  leukocytosis.  It  is  verj'  likely 
tliat   they  have  other  effects,  but  these  are  obscure. 

The  term  peptone  is  now  quite  generally  limited  to  the  final  hydration 
product  according  to  the  definition  of  KUhne.  The  peptone  of  Brucke 
includeH  certain  bodies  now  recognized  as  albumoses. 

AUoxin  Bases  and  Uric  Acid. — The  investigations  of 
recent  y<nr-  have  shown  tliat  these  substances  are  derived  from 
the  niich-in  of  rellular  nuclei.  The  xanthin  bases — xanthin, 
giianin,  ad<nin,  and  hy|K)xanthin — ^are  intermediary  products  which 
partially  or  Ifir^ely  become  oxidized  to  uric  acid.  Normally  the 
amount  of  iiri^r  acid  is  far  in  excess  of  that  of  the  bases.  Some  of 
the  uric  acid  may  b«'Come  further  oxidized,  with  formation  of  urea. 
The  gn^at  t^fttrtj-.  of  these  products  is  cellular  destruction,  and 
eflp(;cially  thai,  of  the  leukrH»ytes.  Abnormally  large  quantities  are 
found  in  th<;  iirin^  in  leukemia  and  in  some  cases  of  leukocytosis; 
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and  ill  a  measure  these  sub^itaiices  furnish  no  iiulieatimi  of  leuko- 
cytic destruetiun.  Tht.*  kiad  of  diet  may  ititlueuce  the  amount  of 
tiie??e  hcMlit*s^  aeconliii^  ns  it  is  rirh  (veal,  thymus  ^laml)  or  poor  in 
cellular  tissue.  The  attrmjit  to  t^stabUsli  a  relatiouship  between 
certain  disonierv  (lieadaohes,  migraine^  ete.)  and  increased  prtxluc- 
tioD  of  alloxin  bases  has  not  as  yet  pro  veil  satisfactory. 

A  theory  of  the  etiology  of  gout  has  been  proposed  by  Kolisch,  in  which 
It  18  held  that  the  kiiioeys  are  maJTjIy  coiieernoJ  in  the  transformatiOTi  of 
the  xanthin-bases  into  uric  acid,  and  that  this  fiiiictioti  of  the  kidneytj  is  re- 
duced in  gout.  The  exceas  of  xanthia-hasos  re^ukino:  from  thia  cause  in 
turn  acts  destructively  upon  the  kidney-sub^taTiee,  which  then  fn\h  to  excrete 
the  uric  acid  existititr  in  tlie  blood.  Tliis  tlieory  was  ba.sed  upon  work  per- 
formed with  a  faulty  chemical  method,  and  has  therefore  been  dii^eredited. 

A  diir^ease  In  i^ome  way  dependent  upon  or  associated  with  ab- 
normal formation  eif  nrie  ueid  and  alloxin  bases  is  i^out* 

Gout.- — In  its  typieiil  fnrm  ^out  is  a  paroxysmal  disease 
marked  by  deposits  of  urates  in  the  joints  and  other  struct  ores, 
and  by  coincident  or  conseijuent  inflammatory  disturhaneps.  There 
are  many  varietieSj  however,  of  irregular  gout  in  which  tlic  par- 
oxysms may  be  |>artly  or  wholly  wanting?  and  in  which  the  disease 
'  takes  the  form  of  a  genenil  systemic  disfuxler,  or  of  organic  maki- 
dies  of  various  sorts. 

Etiology.— Gout  is  essentially  a  hereditary  affection,  tlu"  heredity 
(Dot  rarely  being  iK>lymorphous.  By  this  i^  meant  that  in  certain 
fiuntlies  gout  and  other  diseases,  such  as  obesity »  diabetes,  and 
I  arterial  sclerosis,  may  occur  intcrehangeably.  Gout  usually  de- 
velops in  the  hiter  years  of  life,  and  among  the  contrihutiug  i-auses 
are  tlic  use  of  alcohol,  overeating,  sedcntiiry  life,  and  cl ironic  lead- 
pois<ining* 

Pathologic  Anatomy. — The  conspicuous  anate>mic  lesions  are 
those  of  the  joints,  and  eonsist  of  the  deposit  of  urate  of  sodium 
in  the  cartilages  and  connective  tissue,  and  seroudary  inflammatory 
changes.  The  latter  nuiy  (*ausc  great  di.^tiUliou  and  filu'ous  over- 
growth. Similar  urate  4l*'|M)sits  may  t*c(nir  in  the  i'aitihigcs  of  the 
ear,  eye,  and  ntise,  and  in  the  subcutaneous  connective  tissue  or 
elsewhere.  These  depi^sits,  called  the  gmity  tophi ^  may  subse- 
quently disapp<^ar  by  absorjxtion  or  by  ilistdiargi ng  tlirough  the 
skin,  Cirrh<>sis  in  various  ivrgans  and  tissues  of  the  i)ody  fi\'- 
quently  oeeurs  in  the  c(*ursc  ui^  gout.  Aturuig  these  the  cirrhotic 
or  gouty  kidney  is  most  impiulant.  Atheroma,  cirrhosis  of  the 
liver,  hypertrophy  anti  tibroid  change  in  tht*  heart,  and  chronic 
valvidar  disease  arc  a!st)   frequent. 

Pathogenesis. — For  a  long  time  some  disorder  in  the  form- 
ation and  excretion  of  uric  acid  has  been  Indd  responsible  for  t!ie 
manifestations  of  gout, 

(Ttirrod  tirst  demonstrate*!  an  excess  of  uric  acid  in  the  blood 
and  recent  exact  chemical  studies  have  confirmed  this  observation. 
There  are,  however,   diseases,   such  as  leukemia,   nephritis  and 
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pneumonia,  in  which  excess  of  uric  acid  in  the  blood  oocors  with- 
out any  of  the  results  seen  in  gout.  It  is  possible,  of  conrsey  that 
the  accumulation  in  the  blood  may  be  due  to  different  causes  in 
these  conditions  but  it  is  evident  that  other  fectors  beside  the  mere 
presence  of  excessive  uric  acid  are  operative  in  gout. 

The  excretion  of  uric  acid  in  the  urine  is  found  reduced  iust 
before  an  acute  paroxysm  of  gout,  increases  above  the  normal  dur- 
ing the  attack,  and  then  falls  to  about  the  normal.  In  chronic 
cases  without  attacks  the  excretion  is  about  normal.  The  increased 
quantity  in  the  blood  may  then  be  due  to  increased  production  or 
to  a  reduced  transformation  to  simpler  metabolic  products.  No 
definite  pn>of  of  either  view  has  been  obtained.  The  reduction  of 
uric  acicf  l)efore  attacks  lias  l>een  attributed  to  the  deposition  of 
acid  urate  of  soda  in  the  joints  and  elsewhere.  Possibly  changes 
in  cliet  or  intestinal  al>sc)rption  may  play  a  part  in  this  reduction. 

The  pathogenesis  of  the  urate  deposits  remains  obscure.  Ebstein 
first  insisted  that  local  necrosis  itself  perhaps  the  result  of  excess 
of  uric  acid  in  the  blood,  is  the  din*ct  occasion  for  the  deposits  and 
some  recent  authorities  believe  that  a  primary'  and  essentially 
gouty  l(x*al  inflammation  invites  urate  deposits,  the  uric  acid  itself 
having  no  importance  in  the  first  condition.  Experiments  have, 
however,  shown  that  uric  acid  is  capable  of  causing  local  inflam- 
matory lesions.  Traumatism  and  circulator}-  conditions  may  play 
a  part  in  localizing  gouty  precipitations. 

P(jssibly  the  conditions  in  which  uric  acid  is  held  in  solution 
in  the  blood  may  differ  in  gout  from  those  in  health  and  other 
diseases. 

Studies  of  the  general  metabolism  in  gout  show  a  uniform 
tendency  to  nitrogen  retention  apart  from  any  possible  reduction 
in  uric  acid  excretion.  There  is  also  a  reduction  of  intestinal  ab- 
wjrption  with  increased  excretion  of  indican. 

Glycosuria  and  Diabetes. — A  certain  amount  of  grape 
sugar  occurs  in  the  blood  and  urine  of  normal  persons.  Tne 
quantity  in  the  blood  varies  from  0.1  to  0.2  per  cent.  Notable 
increase  above  these  figures  constitutes  a  pathologic  condition, 
hyperglycemia .  Sometimes  other  forms  of  sugar,  as  levulose,  occur 
in  the  blood  and  urine.  When  there  is  sufficient  sugar  in  the 
urine  to  be  discoverable  by  the  ordinary  tests,  the  condition  is 
pathologic  and  is  termed  glycosuria.  This  may  be  transient  and 
trivial  in  character,  or  a  manifestation  of  a  definite  diseased  con- 
dition called  diabetes. 

The  di.siK)sition  made  of  carbohydrates  by  the  animal  body  is 
not  definitely  known  in  all  particulars.  It  is  certain,  however, 
that  these  sub.stances  are  deposited  in  the  liver  and  in  the  muscles 
in  the  form  of  glycogen,  that  they  form  fats,  and  are  in  part  con- 
sumed by  oxidation.  The  deposit  of  glycogen  is  of  the  nature  of 
a  peserve  store,  the  system  thus  being  prepared  for  intervals  of 
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abstmeoce.  The  glycogen  is  gradually  *lUehargod  from  these 
tissues,  and  thus  the  quantity  of  sugar  in  the  hloud  is  maintained 
at  a  more  or  less  constant  level. 

Alimentary  glycosuria  is  a  term  applied  to  glyerisuria  tK^cnrring 
in  healthy  or  diseased  |>ersons  as  a  result  *it"exei"ss  of  earbcihydmte 
foocL  It  is  easily  prod  need  by  the  administration  of  eonmderable 
qnantities  of  milk-sng^ar,  levulose,  eaiie-sugar,  or  glueose.  The 
<]rinking  of  beer  seems  to  aiti  partienlarly  in  its  development 
The  explanation  of  this  condition  seems  a  simple  one.  The 
i>rtranism  is  imable  to  store  u]\  or  consnme  tlie  amount  of  earbo- 
hyd rates  a*lministerefb  mul  the  ^X(*ess  is  thert'fure  discharged 
throngli  the  kidneys.  The  ease  with  wlu'eh  sueh  glyeosnria  is 
developed  difters  in  tliifiTent  individual"*^  and  researehes  have  been 
made  to  determine  the  runditiuns  tliat  favor  its  development.  The 
liver  in  particular  has  been  en  spec  ted  as  the  organ  most  likely 
inc^ftieient  in  these  cases,  Init  thus  far  no  detinite  facts  have 
been  learned  ;  and  the  rok  of  this  organ  has  probably  been  exag- 
gerated. 

It  h  wortliy  of  attention  that  ahinejittiry  glycosuria  m  pronounced  io 
diabetes  mellitus,  and  nmy  be  found  in  marked  degree  before  contitant  gly- 
cosuria m  detected.  The  existing  glycosuria  in  gri^atly  incrc^jiaedj  or,  if  tJie 
dUea^ie  is  not  in  an  active  stn^e,  ghicose  may  jijjjiear  when  exct^a  of  sugar 
w  starch  ia  administered,  though  it  had  not  bt^ou  pn^ent  before, 

Experiinentftf  f/itiromtiia y  [irmbu'L-d  liy  admini.stmtion  of  phlorid- 
zin,  otiers  several  puzzling  faets  for  eonsidemtlon.  It  shows  that 
exeens  of  gbieose  in  tljr  blood  (itifperf/fi/eeinia)  is  not  a  necessary 
condition  for  the  <Mrenrrenee  of  glycosuria.  After  adtuinistration 
of  phloridzin,  a  jL:lueosi*le  which  eimtains  about  40  per  eent.  of 
sugar,  there  is  no  excess  (d'snifar  in  the  bleHxh  but  trlueose  appears 
in  the  uriucj  and  indeed  more  than  conld  have  brcn  pn»iluccil  by 
the  entire  quantity  of  phbtridzin  administered.  This  shows  that 
there  is  abstraction  of  sn^ar  frr»rn  the  reserve  stores  in  the  body. 
It  is  not  unlikely  that  the  renal  cells,  by  aetively  eliminating:  sugar 
from  the  l)loo<b  [day  a  part  in  the  occurrence  of  tliis  unusual  excre- 
tion. This  fact,  together  with  the  disappearance  of  ir^n^AV  Ivoin  the 
urine  in  the  late  stages  of  some  crises  of  diabeteH,  when  rcjial  disease 
has  oecurredj  Ini^  snggested  the  possibility  of  renal  fonm  of  f/iifco^ 
miriaand  dinbdes.  This  view,  however,  has  not  yet  been  established* 

Clinical  CaEses  of  Glycosuria. — Glucos<*  ap^x-ars  in  the  urine  in 
many  conditions,  incbidiug  (hetary  excesses,  various  iji feet  ions  dis- 
eases, intoxications,  and  concussion^  injury,  or  disease  of  the  central 
nervous  system,  espt^cially  the  floor  of  the  fourth  ventricle. 

Diabetes  is  a  disease  in  which  polyuria  and  glycosuria  are 
markal  symptoms.  It  is  not  inipmbable  that  the  term  includes 
disorders  of  quite  different  sorts,  but  no  ditferentiation  of  such  is 
possible  at  the  pres-ent  time,  A  mild  and  a  mrvre  form  are  dis- 
tinguished, and  these  present  some  striking  differences,  to  which 
reference  will  be  maile  l>elo\v. 
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Etiology. — Diabetes  h  frequently  a  lunvilitnrv  disease,  ixriirririj^ 
in  fuTiiilies  in  which  the  same  rliseui^e  or  obesity  aud  gout  have 
occurred.  The  Jews  seem  jnirtietihirly  liabb^  to  it*  Overeating, 
sedentary  lifoj  and  ^out  are  causes  of  some  importance^  especially  of 
the  milder  form.  Sometimes  abnormal  conditions  of  tlie  nervous 
gystem  may  be  the  uii<ler!yin^  cause.  AmonjiT  the.se  are  functional 
depressions,  as  in  cases  of  cxecssivc  grief;  traumatic  injuries  with 
ooneussion  of  tlie  brain  ;  and  local  dis(*ases  at  tlie  base  of  the  brain 
in  the  vicinity  of  the  medulla*  Disease  of  the  jiancrcas  is  the 
probable  cause  in  many  cases,  and  may  prissibly  play  a  part  in  all 
causes,  tbou*jh  demonstrable  lesions  of  the  pancreas  are  not  pres<:nit 
in  all.  Diabetes  may  txvur  in  the  yotuig  or  after  middle  life,  the 
milder  eases  more  frequently  ix'currin^  at  the  latter  periotl. 

Pathogenesis. — In  the  milder  eases  of  diabetes  the  same  ex- 
planatiiin  may  be  a}>pli(*able  as  that  iriven  for  glycosuria,  vi^.,  the 
liver  and  muscles  do  n<it  stijre  up  the  carlinhyth'ates  carried  to 
tlieni,  aud  the  exeeKf*  of  sujjar  is  not  Ijnrned  np  in  the  tissues, 
IIyper<^dyr{'mia  with  rousequent  Lrlye(»suria  results.  In  these  eases 
the  witlidrawal  of  i-arliobydrnte  foiMl  <>r  temjKjrarv  alistiuence  finm 
all  facHl  may  cause  <Iisappearauce  of  the  glycosuria.  In  severe 
cases  this  explanation  is  nt»t  applicable,  since  tbeamiuint  of  glucose 
in  the  urine  is  often  but  little  affected  by  abstinence  from  carbo- 
hydrate food  or  even  by  starvation.  It  is  quite  certain  that  in 
these  severe  cases  the  tissues,  especially  tlie  muscles,  furnish  the 
sugar  excreted  in  the  urine.  In  normal  individuals,  and  even  in 
those  sutlering  w^itii  inihl  diabetes,  the  sugar  thus  libenUeil  i^  burned 
in  tlie  tissues,  (jlycosuria  does  not  therefiU'e  occur.  Severe  and 
raild  diabetes  differ  only  in  degree  :  in  one  case  the  power  to  con- 
sume sugars  is  greatly  deficient,  in  tlie  otiier  only  UHMjerately  so* 

The  nature  of  the  metabolic  disturbances  that  lead  to  this 
inability  to  dispose  i>f  carbohydrates  is  still  very  obscure.  The 
old  theory^  that  there  is  a  lack  of  oxidizing  power,  is  disposed  of 
by  the  ex|Ten mental  ilemonstration  that  oxidation  may  be  nor- 
mally active.  It  is  not  improbable,  however,  that  the  oxidation 
of  sugar  is  retarded  l>y  the  iailure  of  certain  preparatory  stages  in 
the  decomiHisilion  of  the  sngtir  molecule^  as  a  result  of  wliicii  it 
cannot  be  oxidized  Ijy  the  tissues.  Hie  iuHueuce  of  the  nervous 
By  stem  is  undoubtetL  RefeR'nce  nuiy  here  be  made  to  the  occur- 
rence of  diabetes  after  puncture  of  cerUun  parts  of  the  !>raiu 
(medulla).  At  oiu^  time  puncture  was  tliought  to  act  thnaigh  the 
vasomotor  mechanism,  i.'ongeistion  antl  disturlianee  ot  function  of 
the  liver  being  regarded  as  the  important  consequence  of  vasomotor 
derangement.  At  the  present  time  the  part  played  by  the  liver  is 
considennl  less  important.  No  siitisfactory  explanation  of  tlie  rdle 
of  the  nervous  system  in  tlie  etiology  of  dialvetes  has  been  presented. 

Older  pathologic  studies  showed  that  diseases  of  the  |>ancn:'as 
are  frequently  ass<iciated  with  diabetes ;  and  recent  experimental 
iiivestigatitms  emphasize  this  relationship.     Total  extirjMtion  of 
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the  pancreas  in  the  lower  animals  eayst's  diabetes.  It  has  not, 
however,  been  shuwu  in  what  way  pancreatie  ilisea.se  or  ablation 
acti?,  though  Lrtpine  and  i^thtTs  believe  tliat  tlie  panerens  elaborates 
a  ghieose-ilestroying  (glycolytic)  fV-nncnt,  wht>se  absence  undrr  the 
conditions  named  causes  acconjulation  of  sugar  in  the  IjIikxI  and 
consequent  glycosuria.  Recent  pathologic  studies  indicate  that 
the  pancreas  elalwirates  an  **  internal  secretion "  that  somehow 
affects  the  dis|nisal  of  sugar.  This  secretion  is  probal>ly  made  by 
the  islands  of  Langerhans  (see  Pancreas),  hut  the  evidence  in  the 
matter  is  indirect,  and  ]KJsitive  views  cannot  yet  be  expressed. 

The  view  that  iliahetes  is  due  to  increased  formation  of  sugar 
has  been  definitely  disproved. 

Metabolism  in  Diabetes.— The  essential  fact  is  the  inability  of 
the  body  to  consume  airboh  yd  rates  for  the  production  of  energy. 
As  long  as  excess  of  proteid  and  fatty  food  is  taken  and  consume*!, 
no  disturbance  of  the  general  metabolism  results  ;  but  when  diges- 
tion  fails  or  the  diet  is  poorly  regulated,  destruction  of  the  i>roteid3 
of  the  body  with  increased  excretion  of  urea  occurs.  Emaciation 
may  be  prevented  for  a  time  by  increased  consumption  of  proteid 
food,  but  eventually  occurs.  In  the  destruction  of  the  proteids 
of  the  food  and  tissues,  acids  are  formed  in  excess  (phosphoric  from 
the  phosphorus,  sulphuric  from  the  sulphur,  ^9-oxy butyric  and 
diacetlc  from  the  albumins  or  fats),  ami  tlie  condition  termed  acid- 
intiixication  (see  above)  iTsolts.  A  consequence,  and  to  some 
extent  a  measure,  of  tbis  is  the  increased  excretion  of  anmioninm 
salts  in  the  urine.  The  uric  acid  of  the  urine  is  but  little  increased 
in  diabetes, 

Patholo^c  Anatomy* — Aside  from  tlie  lesions  already  referred 
to  as  in  some  way  rehited  to  the  causiiti(*n  of  tiie  disease,  tlieiv  are 
found  patbologie  changes  of  various  kinds  that  residt  from  it. 
The  lesioijs  of  gout  (arterioseh^rosis  and  eirriiotic  kitlnevs)  may  be 
of  the  nature  of  mere  concomitants,  or  may  be  direct  resnlts  of 
diabetes.  Renal  diseases  are  of  peculiar  interest.  Late  in  diabetes 
albnminnria  frrfjuently  develops  and  interstitial  nephritis  may  fol- 
low. When  this  occurs  tbe  glycosuria  and  other  symptoms  of 
diabetes  sometimes  subside.  The  explanatfmi  of  this  is  obscure 
(see  under  Glycosuria)*  Changes  in  the  liver  (cirrhosis)  have 
often  been  found,  and  have  been  regarded  as  causative  in  some 
cases.  A  peculiar  form  of  diabetes  with  hepatic  <lisease  and 
general  ieteroid  staining  (heraochromatosis)  of  the  skin  and  otiier 
tissues  has  been  described  under  the  title  diabHe  bronzL  Skin 
eruptions  (eczema,  furuncles,  carbuncles)  are  frequent  in  certain 
forms  of  diabetes,  and  gangrene  of  the  extremities  is  common. 
Pneumonia  and  pulmonary  tuberculosis  are  among  tlie  frequent 
developments  i*f  late  stages  of  the  disease.  Cli runic  endocartlitis, 
neuritis,  and  cataract  are  comparatively  rare  lesions.  The  blood 
in  diabetes  is  less  alkaline  than  normal  and  contains  an  excess  of 
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.^>liii  matter,  porticularlv  when  great  poljuria  has  led  to  inspis- 
:^atioii. 

Ozalnna. — ^This  term  L>.  nrictly  speaking,  applicable  onlv  to  iDcrease  of 
oxalio  :u!iii  in  the  arine.  but  U  a^^uallt  employeil  for  ca^es  in  which  crrstals 
of  oxalate  *'ti  lime  are  f'jand  abandant  in  the  urine.  The  normal  mazimnm 
of  oxalic  acid  ia  'if)  mgr.  for  twentv-foar  hours.  True  oxaluria  determined 
by  chemical  estimation  of  the  total  excretion  of  oxalic  acid  has  been 
tound  in  jaundice  and  in  ;Mme  cai^e:*  of  diabetes.  The  source  of  oxalic 
acid  in  the  urine  b  still  somewhat  in  doubt,  ^veral  InTcstigators  claim 
to  have  found  that  the  older  view  regarding  itn  presence  in  excess  in 
the  urine  follow! n:^  certain  kimis  of  vegetable  diet  is  erroneous,  and  that 
there  is  no  such  thin^r  as  **  alimentary  oxaluria.'*  The  weight  of  opinion, 
however,  still  favors  the  older  view.  There  is  some  experimental  evidence 
for  the  belief  that  intestinal  fermentation  is  an  important  factor  in  the 
formation  of  oxalic  acid.  While  this  may  be  true,  there  seems  little 
doubt  but  that  the  oxidation  of  uric  acid"  accounts  for  the  presence  of 
much  of  the  oxalic  acid  in  the  urine,  and  that  nucleins  and  nucleo- 
albumin  are,  therefore,  important  sources  of  derivation.  The  authors  who 
have  argued  in  favor  of  a  specific  disease  marked  by  nervous  symptoms 
an<i  oxaluria  based  thf^ir  observations  on  the  presence  of  an  excess  of  oxa- 
late setiimeut,  rath*=T  than  on  chemical  examinations.  Increased  sediment 
occurs  in  certain  iastances  of  gout  in  which  the  oxalates  alternate  with  uric 
acid  or  coexist  with  this.  In  these  cases,  as  in  cases  of  oxalate  calculus  in 
the  kidney  or  bladder,  the  important  causative  factor  is  most  probably  some 
alteration  in  the  constitution  of  the  urine,  such  as  conversion  of  monosodic 
phosphate  into  the  disodic  phosphate,  that  reduces  the  solvent  power  of 
the  urine  for  oxalate  of  lime. 

PhOffphatoria. — This  term  sh«^uM  be  restricted  to  increased  excretion 
of  phoHphi>ric  acid,  rather  than  to  the  prt^ence  of  increased  phosphate  sedi- 
ment in  the  urine.  The  latter  may  be  due  simply  to  want  of  acidity  of  the 
nrin»^.  The  daily  maximum  of  phosphoric  acid  with  ordinary  diet  is  from 
'Vo  rn  4  jr.  The  term  phosphaturia  might  also  l>e  applied  to  cases  in  which 
rut  :ihHolute  excess  of  phosphoric  acid  is  found,  but  in  which  this  substance 
is  relatively  in  excess  when  compared  with  the  excretion  of  nitrogen.  The 
normal  pr'ffH*rtions  are  from  17  to  2*>  parts  «)f  phosphoric  acid  for  100  parts 
of  nitr'i'.'^^-n.  Ph'>-pliaturia  in  the  sense  just  described  has  been  found  in 
-oniir  ♦'ji.-.«=7*  of  inanition.  l)ecided  increase  in  the  phosphatic  excretion,  ab- 
"^oliit**  ;w  well  as  rt-lative,  o<vurs  in  some  castas  of  dialwtes;  also  in  cases  of 
tuberculosis  and  disease  of  the  bones,  such  as  ostitis  and  osteomyelitis.  In 
considerinir  th*?  4Ufrf>tion  of  phosphatic  excreti^m  in  the  urine  it  is  important 
to  rpni*-nilji-r  that  tlie  greatest  jM>rtion  of  phosphoric  acid  is  derived  from 
thr-  iinA,  only  minor  quantities  coming  from  the  metabolic  consumption  of 
tisrtu*"*.  Fnrtlur,  it  \n\x<  be  remembered  that  much  of  the  phosphoric  acid 
of  niHtaboli^rn  is  excreted  through  the  bowel.  Recent  observations  show 
that  wlnn  th«re  is  some  intestinal  disorder  preventing  excretion  of  calcium 
from  the  inti'?»tin»*s  thrre  may  be  excess  4)f  phasphoric  excretion  in  the  urine 
in  fonibination  with  <>alrium.  The  term  dinb^frf  pfiii.*phaticMh'JS  been  used 
by  Teissi«;r  for  ph'Hpliaturia  in  the  sense  of  increased  total  excretion,  and 
four  varieties  have  \u-vn  describeil:  (u}  cases  with  j>olyuria  and  marked 
nervous  symptoiuH ;  if*)  cum  s  preceding  oraccomi)anying  pulmonary  diseases, 
es[)ecially  tuberculosis;  [r)  eases  in  which  phosphaturia  alternates  with  or 
coexists  with  glyro^^nria;  and  (//)  oa-*es  in  which  oxaluria,  pidyuria,  and 
slight  albuminuria  are  present  and  in  which  there  is  some  relationship  with 
gout. 

The  nature  of  the  metabolic  disturbances  in  phosphaturia  are  obscure. 
Sometimes  the  disorder  of  metabolism  seems  to  be  merely  quantitative,  in 
other  cases  doubtless  qualitative. 
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FEVER. 

Definition,— Tt  is  not  easy  to  define  this  term  aceiirately, 
though  we  may  reganl  as  fever  a  eandition  in  whieli  the  tempera- 
ture <*f  the  }>u(!y  is  elevated  almve  the  norinul  (*JH.G^  F,  ;  37 "^  VA 
aoxl  in  which  the  tii^soe-metabolism  is  altered  in  the  direction  of 
inereased  eoosuinption.  There  are  easen  in  whieh  the  latter  in  in- 
sij^ifieant  or  wanting,  and  there  are  other  instances  in  whieh  the 
temperatnre  remains  normal  or  jsolinornml  under  influences  that 
onUnarily  provoke  fever.  It  is  doubtful  whether  mere  elevation 
of  temperature,  .such  iis  occuri^  in  experimental  injury  of  eerlain 
j>arts  of  the  hrain,  eonstitutes  fever;  but  unquestionably  it  would 
be  improper  to  a|>ply  this  term  to  conditions  of  excessive  tissue- 
destruction  without  elevation  of  temperature. 

Nature* — It  is  important,  fir^st,  to  e* insider  the  regulation  of 
tlie  temperature  in  health.  In  tl»e  nurmal  individual  heat  is  pnv 
duc*e<l  ni  th(*  body  by  constant  oxidation  and  other  metalKjlic 
activities,  and  tlie  exees^s  is  dissipated  by  mdiatiou  from  the  sur- 
face and  the  heating  (»r  evapcu-atiou  of  excreta.  These  proeessf?s 
of  keaUproduclLon  and  heid^lUsiimtton  are  rer^ulated  in  an  onlerly 
manner  nuderthe  influence  of  the  nervous  system.  Special  centers 
for  the  pHMluetiun^  dissipation,  anci  regulation  of  heat  have  lieeu 
deMTibed  by  the  physiologists,  tliongh  their  location  and  methud 
of  operatiou  still  remain  in  doubt.  Whatever  the  exact  mechanism 
may  be  found  to  be,  it  is  quite  certain  that  in  some  way  the  ner- 
vouH  system  exercises  a  control  over  production  and  discbarge  of 
heat. 

The  excessive  heat  of  fever  may  eoju'eivably  lie  due  to  (»xct>ss 
of  heat-prrMluction»  to  diminution  of  the  dissipation,  to  both  of  these 
conditions,  or  to  increase  of  both  with  greater  excess  of  produc- 
tion* In  most  instances  of  fever  in  man  it  appears  that  produc- 
tion and  dissipation  are  both  increased,  though  the  latter  is  in- 
sufficient. At  tlie  on^et  beat-dissipation  may  for  a  time  be 
diminished.  Tlie  increased  production  results  from  increased 
oxidation  and  otiier  metabolic  {jnicesses.  A  study  of  the  respira- 
tory excliange  of  g;ises  shows  that  oxygen  is  consnmed  in  greater 
quantity  than  normally,  and  the  quantity  of  COj  is  correspond- 
ingly increased.  The  excess  may  amount  to  as  much  as  20  per 
cent.,  but  in  jwirt  this  iricreased  oxiilation  is  due  to  the  stimulation 
of  muscular  enntractions  in  rigor,  etc.  Investigation  of  the  ex- 
creta shows  at  the  same  time  evidences  of  mm*e  *>r  less  rapid  and 
extensive  tissue-waste.  The  quantity  nf  nitrogen  eliminated  is  in 
excess  of  that  Cfmsumed  in  the  foiMl,  and  wasting  of  the  tissues 
resultB.  The  albuminotis  elements  sufl^er  particularly  in  the  meta- 
bolic wasting,  the  decrease  of  fiit  l>eing  more  es|>eeinHy  dej>endent 
on  insufficiency  of  tbod. 

Etiology. — The  causes  of  fever  doubtless  vary  greatly,     Di- 
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rect  exposure  to  heat  does  not  affect  the  temperature  more  than  a 
fraction  of  a  degree  in  healthy  persons,  unless  the  surrounding 
tem|>erature  is  very  great.  Ordinarily  the  heat-regulating  mech- 
anism maintains  a  proper  adjustment.  Excessive  heat  may,  how- 
ever, bring  on  fever,  as  in  the  case  of  sunstroke.  Here,  it  has 
been  held  that  the  heat  leads  to  direct  disturbances  of  the  nervous- 
regulating  apparatus ;  but  recent  investigations  seem  to  show  that 
there  are  first  producetl  toxic  substances  which  secondarily  influ- 
ence the  heat-centers  of  the  brain.  In  another  class  of  cases  still 
more  direct  disturbance  of  heat-regulation  seems  to  occasion  fever. 
Among  these  cases  are  the  instances  of  fever  in  hysteria  and  other 
ner\^ous  diseases. 

In  the  great  majority  of  cases  of  fever  it  is  quite  certain  that 
toxic  substances  are  the  cause  of  the  febrile  disturbances.  These 
substances  may  be  of  quite  different  sorts.  In  the  case  of  infections 
it  is  known  that  certain  substances  contained  within  the  bacteria 
themselves  may  (»ausi»  fever,  and  that  products  of  the  growth  of  the 
micro-organisms  may  have  the  same  effect.  The  latter  are  prob- 
ably of  albuminous  nature.  Other  albuminous  bodies  resulting 
from  normal  or  disturbed  metabolism,  independent  of  the  action 
of  bacteria,  such  as  albumoses,  peptone,  tissue-fibrinogen,  etc.,  may 
be  equally  potent ;  and  various  ferments,  such  as  pepsin,  fibrin- 
ferment,  diastase,  etc.,  are  known  to  have  the  same  power.  These 
facts  explain  the  multiplicity  of  causes  capable  of  producing  fever, 
as  any  chemical,  mechanical,  or  bacterial  injury  of  the  tissues  may 
liberate  toxic  substances,  which  in  turn  act  upon  the  nervous 
system  and  occasion  the  phenomena  of  fever. 

Pathologic  Physiology. — Fever  is  accompanied  by  or  leads 
to  a  variety  of  disorders.  The  appetite  is  lost,  there  is  excessive 
thirst,  emaciation  is  habitual,  and  the  functions  of  the  various 
organs  are  more  or  less  disturbed.  To  a  large  extent  these  results 
are  doubtless  due  to  the  presence  of  toxic  substances  in  the  blood 
and  to  other  changes  in  this  fluid.  There  is  always  a  tendency  to 
inspissation  of  the  blood,  the  number  of  corpuscles  being  augmented 
(relatively)  and  the  specific  gravity  increasing.  This  is  not,  how- 
ever, invariably  the  case,  as  destruction  of  the  solid  matters  of  the 
blood  may  exceed  the  loss  of  liquid.  The  alkalinity  of  the  blood 
is  more  or  le^is  reduced  by  the  production  of  various  acids  in  the 
increased  tissue-destruction.  A  common  or  possibly  characteristic 
metabolic  process  is  the  hydration  of  the  albuminous  tissues  with 
formation  of  albumoses.  There  is  little  accurate  knowledge  of 
the  toxic  substances  in  the  blood.  The  original  poisons  that 
caused  the  fever  may  be  toxic  for  the  entire  organism,  and  other 
poisons  may  be  produced  by  the  elevation  of  temperature  and 
the  disturbwl  metabolism. 

Pathologic  Anatomy.— Definite  morbid  changes  may  occur 
in  the  various  tissues  of  the  body,  notably  the  muscles,  heart,  liver, 
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and  fcUtievfr,  Among  thf^se  chiin^es  tire  oloudy  t?\\Tlliiit^^  futty 
degeneration,  and  cr»agii!ation-necr(isi&.  It  is  unlikely  timt  the*-e 
eiiatjges  are  the  direct  result  of  the  inereaHetl  temperature.  More 
pr(»bably  they  result  from  the  action  of  toxic  suh^tanees  generated 
in  the  course  of  the  fever- 
Conservative  Effects  of  Fever,— \\  hi le  fever  occasions 
many  disturl>anrt --  and  le:id>  to  various  pathf^hipe  eont?t:'qiuvnce??,  it 
is  not  iniprohaljle  tiiai  tliere  is  a  certain  nii'asure  of  nsefidness  in 
It.  Some  authors  have  called  attention  to  the  ftiet  that  nipid 
rediietion  of  the  tempeniture  under  the  influence  of  antipyretics 
is  often  followed  by  harmful  coniscquences.  This  diM's  not  neces- 
sarily prove  the  userulness  <if  the  fever,  as  tlie  autipyrctics  are  all 
capalde  of  harm  in  thrmselves.  A  nionj  definite  pnMif  of  the  u^vh 
of  fever  is  that  obtained  Ijy  subjectinfr  infect e^l  an i mills  to  high  tcm- 
fjeratures  or  to  febrile  conditions,  and  then  studying  the  progress 
of  the  infection.  Ihider  these  circumstances  it  has  been  found 
that  the  course  of  various  infections,  such  as  with  the  Di]>lococeos 
pneumonias  *1*<^'  liacillus  of  typhoid  fever^  and  other  orgtinisms,  is 
nmeli  milder  and  tlie  conscouenees  less  serious  tlian  in  uuimals  not 
placeil  under  the  simie  conaitious.  These  results  a^ree  very  well 
with  exix*rimcnts  with  bacteria  outside  the  animal  ImkIv.  For 
example,  it  is  know^n  that  many  of  the  bacteria  are  influenced 
unfavomblv  in  their  growth  and  virulence  bv  excessive  tempera- 
turt^s  (1U4^'  to  101  Ay^  V.  ;  40''  to  42^  C).  Whctlier  in  the  body 
the  tempeniture  atfci-ts  the  miriT*-nrgauisms  directly  or  ludircctly 
through  the  pmduetion  of  antitoxic  substances,  or  in  other  ways, 
remains  unsettled.  It  is  not  unlikely  that  increased  circulation 
and  respiration  favor  the  elimiuation  of  the  toxins  that  cause 
the  fever.  Increased  toxicity  of  the  urine  has  been  found,  but 
the  methods  employed  are  open  to  criticism. 
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CHAPTER   III. 
DISTURBANCES  OF  THE  CIRCULATION  OF  THE  BLOOD. 

GENERAL  DISTURBANCES. 

The  circulation  of  the  blood  is  maintained  by  the  rhj'thmic 
contractions  of  the  auricles  and  ventricles  of  the  heart,  aided  by 
the  elasticity  of  the  arteries ;  by  the  compression  of  the  veins  by 
the  muscles ;  and  by  the  suction  of  the  inspiratory  movements  of 
the  chest. 

General  disturbances  of  the  circulation  result  from  lessened  or 
excessive  heart-power,  from  arterial  disturbances,  or  from  changes 
in  the  quantity  or  character  of  the  blood.  Muscular  and  respira- 
tory weakness  may  be  contributing  causes. 

Weak  Heart. — There  are  various  forms  of  heart-disease  that 
may  lead  to  disordered  circulation.  The  muscle  itself  may  be 
weakened  from  overstrain,  the  fevers  or  other  diseases,  the  action 
of  poisons  or  insufficient  nourishment,  as  in  the  anemias,  or  from 
narrowing  of  the  coronary  artery.  The  muscle  may  be  soft  and 
cloudy,  fatty,  or  hardened  by  sclerotic  changes.  There  may  be 
no  evident  muscular  disease,  but  merely  functional  weakness  of 
the  intracardiac  ganglia.  The  valves  or  orifices  of  the  heart  may 
be  diseased,  and  regurgitation  or  obstruction  of  the  blood-flow  re- 
sults. Sometimes  blood-clots  form  within  the  heart  and  similarly 
cause  obstruction  of  the  current.  Finally,  pericardial  effusions 
or  adhesions  or  tumors  pressing  upon  the  heart  may  seriously  dis- 
turb its  action. 
..  The  result  of  the  weakened  state  of  the  heart  must  be  the 

f|  accumulation   of  blood   in   the   venous   system.     The   place   of 

engorgement  depends  upon  the  |>art  of  the  heart  sjiecially  weak- 
ened.    If  the  left  ventricle  fails,  the  blooil  backs  into  the  left 
[  auricle  and  the  lungs.     As  long  as  the  right  heart  maintains  its 

[  power  the  venous  congestion  goes  no  further ;  but  when  this  fails 

repletion  of  the  right  auricle  and  of  the  systemic  veins  ensues. 
When  the  right  heart  is  first  at  fault  general  venous  congestion 
is  an  (»arlier  manifestation.  In  all  cases  the  arterial  pressure  falls 
and  the  blood-current  is  slowed,  whereas  the  venous  pressure  is 
increased. 

Sudden  and  complete  failure  of  the  heart  causes  anemia  of  the 
brain  and  syncope,  which  mav  prove  fatal  if  not  instantly  relieved. 
Hypostatic  Congestion. — In  cases  of  serious  weakness  of  the 
heart,  in  which  it  is  qufte  unable  to  maintain  an  active  circulation, 
the  blood  tends  by  the  force  of  gravity  to  sink  to  dependent  i>arts. 
This  condition  is  known  as  hy|X)static  congestion.  It  occurs  very 
frequently  in  low  fevers  and  quite  commonly  just  l)efore  slow  deatk 
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resulting  from  any  cause.  Dilatation  of  the  vessels  from  vaso- 
nintor  pan\<i.s,  troiipral  musciilar  weaknoss,  and  tlie  Jailurc  of 
vi^yort »us  iiispiraturv  t^fiU'ts  arr  secondary  caus^'h. 

TUv  Mood  accumulates  in  tlic  skinuf  tlic  liiuk,  e^ipc^^ially  about 
the  luittocks.  The  skin  is  of  a  livid  color,  but  is  Idoodh'ss  over 
the  bony  points ;  the  tissues  tend  to  become  sodden  from  transu- 
ilation  of  liijuid  from  the  lihwid-vcssels.  Slou^hine^  aud  jr^m- 
gT*me  (b^'dsorcs)  may  result  Internally,  hypostatic  couL^cstiou 
affects  tlic  lun^  ])articnhirly,  and  a  firm  ot"  pucumonia  may 
follow. 

Post-mortem  lividity  is  allied  to  hypostatic  enngcstion.  Ai'ter 
death  the  bloo<l  gmvitiites  to  the  ilepciulent  pai1:s  and  accumulates 
especially  in  the  veins,  as  the  arteries  coutract  as  soou  as  the  heart- 
action  ceases, 

Overaction  of  the  heart  is  less  frequent  thuu  weakness* 
Temporary  overaction  ncrasions  increased  activity  of  tiie  circu- 
lation ami  elevation  of  blood-pressurcj  sometimes  sufficient  to  cause 
heraorrhaf^e.  Mure  prolontjed  overaction  due  to  overwork,  to  ex- 
cessive fe^xlin^,  or  to  nervous  stimidation,  as  iu  Graves's  disease, 
causes  hypertrophy  of  the  left  ventricle,  and  later  of  the  wliole 
organ.  Iu  conserpieuce  the  circulation  may  be  more  or  \em  per- 
manently  ovei^active. 

Arterial  Disorders.^ — Both  orjiranicaml  nervous  disturbances 
are  iruportaut.  Of  the  on/anie  di^tHrbaiuri^  the  most  frequent  is 
scler*:)sis  of  the  arteries,  which  otters  a  constant  impediment  to  the 
arterial  circulation.  Hypertrophy  of  the  heart  overcomes  the  ol> 
j*taek%  but  when  the  heart  tails  venous  ermgestions  aud  dropsy  en- 
sue. Sclei"osis  may  also  atfect  the  veins,  hut  much  les.*?  commonly* 
Local  diseases  of  the  aorta,  as  cimgenital  narrowing,  compressirm 
hy  enlargmt  glands  or  tumors,  aneurysms,  and  l)!ood-clots  may 
obstruct  the  flow  of  blood  to  the  arteries,  and  thereby  cause  stag- 
nation 4 if  the  blood  in  the  heart,  linigs,  and  venous  system. 

Vwtomotor  ffiMfnrffanet'.i  are  ilepeudent  upon  the  nervous  system. 
Under  the  intlueuce  of  certain  diseases  of  the  nervous  system  or 
of  poisons  (as  carbonic  acid  gas  in  asphyxia)  acting  locally  on  the 
vessels  or  uiwn  the  vasomotor  center  iu  the  bmin,  contraction  of 
tlie  smaller  arterioles  occurs  ;  and  iu  consequence  the  blood-press- 
ore  i^  greatly  elevat<>d,  the  heart  is  impeded,  and  venous  conges- 
tion results.  On  the  other  hand,  the  arterioles  may  distend  fmm 
vasomotor  paresis,  the  blood -pressure  tallsj  and  unless  the  heart  is 
active  tliere  is  a  tendency  to  hypostatic  congestion. 

Changes  in  the  Blood.— Increase  aud  decrease  of  the 
cpiautity  of  the  blooil  are  generally  merely  passing  conditious  to 
which  the  circulation  readily  adapts  itself  hy  clilatation  or  cou- 
fnu^tion  of  tlie  vessels,  Sudden  losses  of  Idooil^  if  large,  may  he 
fatal  i>y  syncope.  Smaller  losses  are  soon  repaired  by  absorption 
of  water  fnjm  the  tissues  ami  by  n*genen*t«on  of  b!o<xL     Increases 
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pneumonia,  in  which  excess  of  uric  acid  in  the  blood  occurs  with- 
out any  of  the  results  seen  in  gout.  It  is  possible,  of  course,  that 
the  accumulation  in  the  blood  may  be  due  to  different  causes  in 
these  conditions  but  it  is  evident  that  other  factors  beside  the  mere 
presence  of  excessive  uric  acid  are  operative  in  gout. 

The  excretion  of  uric  acid  in  the  urine  is  found  reduced  just 
before  an  acute  paroxysm  of  gout,  increases  above  the  normal  dur- 
ing the  attack,  and  then  falls  to  about  the  normal.  In  chronic 
cases  without  attacks  the  excretion  is  about  normal.  The  increased 
quantity  in  the  blood  may  then  be  due  to  increased  production  or 
to  a  reduced  transformation  to  simpler  metabolic  products.  No 
definite  proof  of  either  view  has  been  obtained.  The  reduction  of 
uric  acid  before  attacks  has  been  attributed  to  the  deposition  of 
acid  urate  of  soda  in  the  joints  and  elsewhere.  Possibly  changes 
in  diet  or  intestinal  absorption  may  play  a  part  in  this  reduction. 

The  pathogenesis  of  the  urate  deposits  remains  obscure.  Ebstein 
first  insisted  that  local  necrosis  itself  perhaps  the  result  of  excess 
of  uric  acid  in  the  blood,  is  the  direct  occasion  for  the  deposits  and 
some  recent  authorities  believe  that  a  primary  and  essentially 
gouty  local  inflammation  invites  urate  deposits,  the  uric  acid  itself 
having  no  importance  in  the  first  condition.  Experiments  have, 
however,  shown  that  uric  acid  is  capable  of  causing  local  inflam- 
matory lesions.  Traumatism  and  circulatory  conditions  may  play 
a  part  in  localizing  gouty  precipitations. 

Possibly  the  conditions  in  which  uric  acid  is  held  in  solution 
in  the  blood  may  differ  in  gout  from  those  in  health  and  other 
diseases. 

Studies  of  the  general  metabolism  in  gout  show  a  uniform 
tendency  to  nitrogen  retention  apart  from  any  possible  reduction 
in  uric  acid  excretion.  There  is  also  a  reduction  of  intestinal  ab- 
sorption with  increased  excretion  of  indican. 

Glycosuria  and  Diabetes. — A  certain  amount  of  grape 
sugar  occurs  in  the  blood  and  urine  of  normal  persons.  The 
quantity  in  the  blood  varies  from  0.1  to  0.2  per  cent.  Notable 
increase  above  these  figures  constitutes  a  pathologic  condition, 
hyper glyceniia.  Sometimes  other  forms  of  sugar,  as  levulose,  occur 
in  the  blood  and  urine.  When  there  is  sufficient  sugar  in  the 
urine  to  be  discoverable  by  the  ordinary  tests,  the  condition  is 
pathologic  and  is  termed  glycomria.  This  may  be  transient  and 
trivial  in  character,  or  a  manifestation  of  a  definite  diseased  con- 
dition called  diabetes. 

The  disposition  made  of  carbohydrates  by  the  animal  body  is 
not  definitely  known  in  all  particulars.  It  is  certain,  however, 
that  these  substances  are  deposited  in  the  liver  and  in  the  muscles 
in  the  form  of  glycogen,  that  they  form  fats,  and  are  in  part  con- 
sumed by  oxidation.  The  deposit  of  glycogen  is  of  the  nature  of 
a  Deserve  store,  the  system  thus  being  prepared  for  intervals  of 
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abstinence.  The  glycogen  is  gradually  discharged  from  these 
tissues,  and  thus  tlie  quantity  of  sugar  in  the  blood  is  maintained 
at  a  more  or  less  cnnstaiit  level. 

Alimentary  glycosuria  is  a  term  apjilied  to  glycosuria  occurring 
in  healtliy  or  ilisease<l  j»ersons  as  a  result  i»f  excess  of  carbohydrate 
footh     It  is  easily  prmhieed  hy  the  adiniiiist ration  of  eonsidenilde 

3iiantities  of  milk-sugar,  levulose,  cane-sugar,  or  gbieose.  The 
rinking  of  beer  seems  to  aid  partienlarly  in  its  (levclopnient. 
The  explanation  uf  this  I'ondition  seetns  a  simple  one.  The 
orgimism  is  unable  tr^  str^re  up  or  consume  the  amount  of  carbo- 
hydrates administere<I,  and  the  excess  is  therefore  discharged 
throiigh  the  kiihieys.  The  ease  with  which  such  glyc^t^suria  is 
developed  differs  in  di  tie  rent  individuals,  a  u<l  researches  have  been 
made  to  determine  tlu'  i-imditions  tliat  favor  its  development.  The 
liver  in  |xirticular  has  been  suspected  as  the  organ  most  likelv 
inefticient  in  these  cases,  hut  thns  lar  nii  definite  facts  have 
been  learned  ;  and  the  rdie  of  this  organ  has  pruliably  been  exag- 
gerated. 

It  is  worthy  of  attention  that  alinu^iitary  clycosurlii  is  pronounced  in 
diabetes  mellitus,  and  may  be  tbuiid  in  marked  degree  bL^fure  eoM^Uiiil  gly- 
cosuria is  detected.  The  existiag  c:lycosuria  is  greatly  increased,  or,  if  the 
diseaae  m  not  in  an  active  Btas^e,  glacose  may  appear  when  exceiw  of  sugar 
or  starch  is  administered,  tbongh  it  liad  not  been  jireHcnt  before. 

Ex  per  im  *?  n  h  li  f/fif  comi  rhi ,  pn  kI  ueei  1 1  j  y  a  d  t  n  i  n  ist  I'a  t  i  on  of  ph  I  o  ri  d*- 
SEin,  offers  several  puzzling  tliets  tor  etmsideratiim.  It  sliows  that 
excess  of  glueose  in  tlie  hlocMl  (hitpci'(f!y€€miu)  is  not  a  neeessary 
condition  for  the  c»eenrrenee  of  ^lyeosuria.  ARer  administmtioii 
of  phloridzin,  a  gliicoside  whieli  eon  tains  ahoiit  40  per  eent.  of 
sii«j:?ir^  there  is  no  exeess  of  snu:ar  in  the  iilorxl,  hut  ^lueose  appears 
in  tile  urine,  and  indeed  mnre  than  eonlil  linve  bi'en  ])rodueed  by 
the  entire  quantity  of  phhiridzin  adniitiistered.  This  shows  that 
there  is  abstraction  of  su^ar  from  tlie  reserve  stores  in  tlie  Ixvily, 
It  is  not  unlikely  that  the  renal  eells,  hy  actively  eliniinatin^i^.siigtir 
from  the  l>b:MT<l»  play  a  part  in  the  oecnrrence  of  this  unusual  exere- 
tion.  This  faet,  together  with  the  disappearanee  of  sujirar  from  the 
urine  in  the  la  to  stiige.s  of  some  eases  of  diahetes,  wdieu  renal  disease 
has  occurred,  lias  suggested  the  possibility  iy?  renal  fonuji  of  f/ftfeo- 
suria  and  fUfibftt'S.  This  view^,  how^ever,  has  not  yet  been  established. 

Clinical  Causes  of  Qlycosiiria. — Ghieose  apjiears  in  the  urine  in 
many  conditions,  inelndin^  dietary  excesses,  varions  ijifeetious  dis- 
ea^^s,  intoxications,  and  coneassioii,  injury,  or  disease  of  the  central 
nervons  system,  esj>*:*cially  the  floor  uf  the  fourth  ventricle. 

Diabetes  is  a  disease  in  whieh  polyuria  ami  glycosuria  are 
marked  i^ymptoms.  It  is  not  impr<4>ahle  that  the  term  includes 
disorders  of  quite  ditTerent  sorts,  hut  no  fbrt'erentiation  of  such  is 
possible  at  the  present  time.  A  m'dd  and  a  m'vej'e  form  are  dis- 
tingiiishe<l,  and  these  present  some  striking  differences,  to  which 
reference  will  be  made  l>elow. 
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Passive  cfinfrfstion  of  any  parade  and  stasis  interfere  with  func- 
tional activity  in  two  wiiys :  l>y  tliu  rfcliu'tioii  of  nntrltion  of  tlie 
cells  anil  hy  the  jiruwriure  exercised  upon  them  by  the  aceumulatuig 
blooil  and  scrum* 


LOCAL  ANEMIA. 

Local  anemia  or  ischemia   is  the  eonrlition 
tiian   its  proper  quantity  of 


in  whieh  a  tissue 
enntains  less  tiian  its  proper  quantity  of  hlood.  Tins  may  l>e 
tUvM  when  it  results  from  causes  ol>,^truetin^  the  How  into  the 
arteries,  or  eolkderal  when  it  is  dne  to  withdniwal  of  hlocKl  into 
livperemie  areas  in  other  parts  of  the  liody.  Of  the  causes  acting 
directly,  pressure  is  the  most  fi-efjnent.  There  may  he  genend 
pressure  upon  an  orLfdn  or  localized  area  of  the  hody,  as  in  tiie 
applhuitiun  of  elastic  haud:ii:i  s  ;  r»r  pressure  upon  the  vessels 
within  the  tissue  itself,  as  in  amyhml  disease,  the  amyhjid  suh- 
stance  compressing  the  arteries  and  ea|>illaries,  or  there  may  l>e 
direct  compression  of  an  artery  hy  tumors.  The  ciifulatiiui  in  an 
artery  may  be  impeded  hy  schTi>sis  of  tlie  vessel-walls  and  by 
euihuli  or  thrombi  within  the  vt^sseh  Loi-al  anejuia  of  moderate 
or  even  severe  grade  may  [>e  flue  to  ucrveHis  influences  aetinjs: 
throu^li  the  vasimiotor  system,  as  in  the 
ea  rl  i  < "  r  in  a  n  i  t  es  la  t  i  o  u  s  o  f  I  \  a  y  na  ud  's  d  i  se^ise. 
Col  lateral  anemia  is  well  illiistniteil  by  the 
anemia  of  the  braiii  *R*enrriui^  in  aninuds 
iu  which  the  sjtlauelniic  nerves  have  been 
cut,  with  tliC  consequent  proiluclion  of  ab- 
doiuimd  liyperemia.  ^\'hcn  ischemia  is 
due  to  ol>structii)n  r>f  a  single  vessel  the 
einudation  is  generally  soon  rwtoivd  by 
collateral  anastomosis:  the  collateral  ves- 
sels sometimes  reach  cousidcrablc  dinn^n- 
sions{Fig,  2).  When  i\n  artery  which  has 
few  auastotuoses  and  whieli  siMtn  sj^lits  up 
into  capillaries  is  obstructed  the  phenom- 
ena of  intiUTtioii  (see  page  57)  ensue. 

All  anemic  area  is  pale,  reduced  in  size 
and  temperature,  anil  functionally  less  ac- 
tive than  norrual.  l\'  the  condition  per- 
sists, fattv  degeneration  ajid  necrosis 
result*  Ulien  a  severe  Im^al  anenn'a  is 
relieved  it  h  apt  to  be  folhtwcd  by  hy|jcremia  of  the  same  ai*c^, 
due  to  cxliaustum  or  degenerative  weakness  of  the  vessel-walls* 


Fni.  2.— Aiirtstomosea  three 
months  aai*r  UKntiou  of  the 
Htmural  iirtf  ry  of  a  dog  (Fortu). 


HEMORRHAGE. 

By   hemorrhage    is    meant    the    escape    of    the    sev*eral    con- 
Btttueuts  of  the  Idoml   irom   the  IdoLxl-vefisels*     It  is  aiiil  to  he 
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arifTinl^  venom^  or  capiiiffri/  according  to  the  vessel  from  which 
the  flow  of  LhxHl  takers  phiee,  and  patrm'hiimafouH  when  it  conien 
frt»m  all  of  the  vessels,  lienuirrha'^e  niav  occur  either  bv  dia- 
lH*«esis  and  extnivasnti<m  throo^rh  intaet  vessels  {hcmorrlKrr/r  per 
dmpctlv^iin)  or  hy  nctnal  rnpture  <if  a  vesst^l  (hworrhm/t' ptr  rhexin). 
The  former  priK-ess  is  s<:en  tmly  in  tlie  capillaries  and  smaller  veins  ; 
the  latter  oerurs  mainly  in  the  arteries  und  veins. 

Diapedesis  and  Emigration* — Under  normal  conditions 
a  certain  nurnljerof  white  eurpusek's  hy  virtne  of  t!ieir  ariiehoid 
movements  es(*ape  from  tlie  eapiHaries,  and  iH^eome  wau(hrin*i: 
cells  whieti  move  aliotit  in  the  tissues  or  are  carrietl  liy  tl*e  lytnph- 

Fstream.  This  jiroeess  is  cidh-d  niiif/ntiion.  There  is  at  tlie  saine 
time  some  tmiisudation  of  plasma,  whiidi,  with  the  lenkwvtes, 
enters  the  lymphatic  circulation.  Under  certain  abnormal  eomli- 
tions  the  red  c<irpuseles  also  pass  thron^rh  the  vessel- wall  and  col- 
lect in  the  tissues.  This  is  ktuHvn  as  fffttpitlrsts  (Fitj.  t\).  It  may 
Ik*  studied  ver\'  readtly  nnch  r  the  uu'c^roseope  iu  the  mesentery  of  a 
living  tixig.  It  is  nntieed  thiit  the  red  eurpuseles  apiirnaeh  cert^iin 
pirti?  of  the  wall  of  the  capillary  or  vein  and  bec4)jue  tixed ;  then 
a  small  prtrjeetiou  appears  out>ide  ihe  vessel,  opp*)Kite  the  corpusr- 

-de,  and  a^  this  inereuses  the  eorpnscle  witliin  throws  smaller,  nntil 
be.whule  body  has  gradually  passed  through,     Not  rarely  several 


'  Fie.  8.— Diapedi'Bts  of  the  re<l  Tjlood-rorpusples  through  a  cajilijiry  of  a  ttog-i  tonjfue 

(nft^r  Thcman). 


corpuscles  pass  through  in  one  muss  ;  as  has  l»cen  particularly 
noteil  by  Thoma.  Outside  the  vessel  the  coqiuscle  at  once  an- 
feiimes  its  ordinary  sliiii>e. 

Biapedeftis  was  first  stiulied  Ly  Strieker  and  Cohnheim.    Arnold,  whose 
Jttiv»tigtilioas  are  mcwt  imjinrt^^nt,  first  belfeved  that  the  emergence  of  the 
fed  c»r[»a^cle5  takes  place  thrciugh  orificcsor  stomjita  :  but  hiter  rccc^nized, 
'ifi  15  now  generally  believed,  that  the  siipposcd  t^tomala  jire  merely  accumu- 
lation** of  intercellular  substance  ia  certain  filaces  between  adjniiving  endo- 
IheliaJ  CelU  or  at  the  junction  of  several  cells.    The  active  cause  of  the 
extrusion  of  the  red  corpuscles  is  the  pressure  of  the  blood. 

The  leukocytes  emigrate  frnm  the  ve?isel  iu  exsietly  thesatue  way 
,  as  the  red  enrpu?>cde^,  liiit  mtiitdy  hv  tlieir  own  ameboid  movements. 
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At  til*)  saline  time  there  is  a  more  or  loss  eopjoiis  overflow  of  jilasma. 

Diaiwdessis  ih  readily  indnred  hv^  mecliariiral  compression  of  a 
Vf^in,  wliich  elevates  the  blood-piT'ssure  ;  or  it  niiiy  follow  elevation 
of  bJooil-j)ressiire  from  any  otlier  eiuise.  On  tlie  other  hand,  with 
Rorniiil  pressure  inereasetl  perinealiility  of  the  vessel-avails  may 
occasion  diapedesis,  Sueh  dei^enenitive  conditions  of  the  vessels 
may  be  due  to  tli<!  actii>n  of  poisons,  to  various  infeeticiiis  diseast^s^ 
to  rnodenite  tramiiatism,  or  to  t-emporary  <>hstryetion  to  the  flow 
of  bhxKl  into  a  eerliuii  area.  Pi-rtiaps  also  altered  states  of  the 
blood  may  play  a  part  wiien  lioth  the  vessels  and  pressure  are  normal. 
Hemorrhages  Uy  diapMlrsis  are  generally  small  and  puiM'tate  (pe* 
teL'Idie),  lint  may  be  cpiite  large,  as  somi'times  in  the  eoiijiuietiva. 

Mnitipte  eceiiynmscs  may  residt  from  ohstruetion  of  eapfllary 
or  small  l>h km  1- vessels.  ISoeli  oitstruetions  oecur  in  the  form  of 
liyalin  tlirondii  in  various  infectious,  as  a  result  of  burns  or  freez- 
ing of  the  skin,  as  well  as  from  exogenous  and  emlogeuons  jwjisoD' 
ing.  Fat  emijolisui  and  pmlioiism  of  partmehymutous  cells  may 
bring  about  the  same  result. 

Causes  of  Hemorriiage. — The  ordinary  form  of  hemor- 
rhage per  rkexhi  may  be  due  to  traumatism,  to  discuses  uf  tlie 
vessels,  to  increase  of  the  bloo<l-pressure,  anil  to  certain  vague 
m^rvous  i  nfl  uences. 

1.  Traumatic  hemorrliage  may  l>e  due  to  direct  laceration  of  a 
vessel  or  to  contusituis  which  men  ly  weaken  the  vessel-wall  and 
lead  to  8ul)sc4pient  rupture. 

2.  Diseases  of  the  blood-vessels  c-ansing  liemorrhage  genemlly 
originate  from  causes  within  the  ves.-^elj  aud  are  due  to  such  con- 
ditions as  poisouiug,  inteetious  fevers,  cachexias,  or  tfie  anemias. 
Among  tiu_'  fl incases  oi"  tbe  vessels  are  fatty  degeneration  of  the 
intima  or  media,  atheroma,  and  miliary  aneurysm.  *On  the  other 
hand,  the  outer  coat  may  be  eroded  by  surrounding  disease  and 
hemorrhage  ensue  (hemorrliage  per  diabrosin).  This  is  seen  in 
plitbisical  cavities  in  tho  lungs, 

fj.  Increase  of  blood-pressure  may  he  absolute  or  relative*  The 
fonucr  occurs  from  emotional  excitement,  Jmm  byjiLrtropliy  of  the 
heart,  iluring  paroxysms  of  whcHiping-eougli,  croup,  and  various 
convulsive  disorders.  In  asphyxia  there  is  decided  increase  of 
blood-pressure  both  from  vasomotor  contraction  and  irom  the 
violent  muscular  etlbrts.  Relative  inci-ease  of  pressure  occurs 
when  the  pressure  external  io  the  vessel  is  reduced,  as  in  ballffl^n 
a!?cension,  or  in  tlu'  pleura  in  cases  in  which  during  violent  in- 
spiratory efforts  the  air  «innot  enter  tbe  lungs,  as  in  the  fetus  at^ 
tempting  to  breathe  during  labor, 

4.  Neuropathic  Hemorrhage. — Th^  ncrv^oiis  syi^tera  exercises  a 
peculiar  iu9ueuee  ujion  the  vessels.  lu  cases  of  a{H)|dexy,  of 
epilepsy^  and  of  section  of  the  spinal  cord,  and  in  other  nervous  con- 
ditions, s|M>ntaneous  hemorrbuges  from  tJienon:  or  stomach,  or  into 
the  lungs,  suprarenal  bcHlies,  aud  other  organs,  are  not  infrequent. 
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In  thf  siiiiie  ^nMiji  alsn  an-  to  I  to  reckornMl  tlio  iiL-^tiiinx's  of 
vicariniLs  liemurrlnige  due  to  aupproi^sioii  of  tlie  nieiistvs^  and  the 
reraarkuble  eases  of  stigmatization.  The  last  named  is  a  condition 
in  which  under  nervous  exiillatioi]  or  livf^teria  spmt^ueous  hemor- 
rhages oeeur  from  various  parts  of  the  body,  eyixvially  from  the 
parts  wounded  in  tlie  enieifixion. 

i'K  The  Hemotxhagic  Diatbesis. — Certain  persons  present  nn  in* 
herked  tendeney  to  hleed  sjumtinieously  or  a  Her  very  trivial  injuries. 
Such  ix.TMjnfc>  are  kmnvn  as  **  Ijleeders/"  and  the  eondition  as  Aewo- 

£hilia.  The  exaet  palhologic  eondition  whleh  oeeasions  the 
?iuorrhai::es  is  still  uncertain,  A  Itemorrhagie  diathesis  nuay  also 
l>e  <leve!oi»ed  as  a  result  «pf  various  diseases,  as  typhua  fever, 
an  til  rax,  septieemia,  or  }*ht*s|)horus'poisouing.  The  same  is  ol»- 
6er\X'd  in  the  severe  forms  of  anemia,  like  progressive  pernicious 
anemia  and  leukemia.  In  these  eases  altered  blocKl  states  and 
disease  of  the  vessel- walls  are  doubtless  the  eauses  at  \^'ork. 

Classification  of  Hemorrliages,^Hemorrhage  may  ocenr 
on  ft-ee  surfaces  or  into  the  tissues.  In  the  former  ease  various 
name^  are  applied  to  designate  the  locality,  bueh  as  epktaxis,  nose- 
bleed ;  hemopti/sis^  hemorrhage  frtjui  the  lungs  ;  hemfifetm'siii^  fnjm 
the  stomach  ;  enierorrhnf^ia^  inuu  the  bowel  ;  mdmrrha(/Ui,  uterine 
hemorrhage  l^etween,  and  menofThttf/ia  at,  the  menses. 

Hemorrhagt^s  into  tlie  tissues  take  their  names  from  the  size 
and  nature  of  the  lesion.  A  liemorrhagic  iniiltratiou  l>eneath  a 
surface,  a^  of  the  skin  or  mucous  meml>nine,  is  cidled  an  frrhiimmis, 
which  if  small  ami  well  delined  is  a  peia-hia,  but  if  large  and 
ditiuse,  a  mifff/iUailon  or  auffumm,  A  distinct  aeeumulation  of 
bloody  constituting  a  veritable  blood-tumor,  is  known  as  a  heuiit^ 
icrna.  Infiltrations  of  a  peculiar  sort,  involving  Iwali/cd  portions 
of  a  tissue  or  orgjiu,  are  known  as  hanorrhfftjif  iiifatriH  {q,  r.). 

Results  of  Hemorrliage, — A  very  large  hemorrhage  may 
catise  sudden  tleath  by  cerebral  anejoia.  IVIore  tVequently  the 
patient  remains  nueonscious  for  a  time  and  then  slo^^ ly  recovers. 
The  hemorrhage  ceases  spontaneously  by  the  diminution  in  heart- 
action,  by  clotting  of  the  blood  at  the  point  of  ru|)ture,  by  retrac- 
tion of  the  elastic  vessels^  and  by  prt^ssure  of  the  surrounding 
tissues.  Blood  extni\'asated  in  tlie  tissties  ei>on  coagulates  and 
subsequently  undcrgeies  disorgiiiiization,  the  re<l  corpuscles  break- 
ing down  into  pigment-matter,  which  may  be  carrie<l  away  or 
deposited  at  the  seat  of  hemorrhage.  The' fluid  elements  may  be 
completely  aijsorbed,  or,  staineil  with  coloriug-matter,  may  remain 
^  a  cyst.  A  Iwiis  of  bemfjrrhage  may  set  up  reactive  inflam- 
mation and  lead  ro  encapsulation  l>y  new  connective  tissue,  .Some- 
liraes  hemorrbagie  aecmuukitious  l>eeome  inspisr^ated  and  undergo 
calcification.  Biootl  in  tlie  serous  sacs  does  not  readily  coagulate, 
but  mingles  witli  the  normal  litjuid  si*eretion.  It  may  be  grad- 
ually absorbed  or  may  undergo  degenerative  changes,  especially 
when  infected  ljy  micro-organisms.    Large  hemorrhages  cause  acute 
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aneiTiia  ;  repeated  sokiM  extravasatiuu.^  may  lead  to  i>mfnuiitl  sec- 
ondary anemia.  (These  eoiKlitioii.s  will  be  more  fully  discussed 
under  Diseases  of  the  Blood.) 

EMBOLISM. 

Btnbolism  is  the  proee^^  in  wliieh  fiireiirn  biidies  of  various 
kinds  are  eurried  in  the  1>1o(kI  an*l  tleposited  in  the  smaller  arteries 
or  eapillaries  throiitrh  which  their  ^ize  does  not  ]K'rnnt  them  to 
IxLs.s.     The  hodi^.s  deposited  are  eidled  rmholt. 

Sources  and  Nature  of  Emboli. — The  most  common  form 
of  eniholisrn  is  that  in  wliifli  pent  ions  of  thronild  Ritnated  in 
the  heartj  the  large  veins  uf  tlie  extremities  or  pelvis,  or  nii  ather- 
omatous patehes  in  the  aorta^  are  swept  into  the  cirenlatioii  and 
lodge  in  the  smaller  vesst.'ls.  Softening  of  the  original  thrombus 
is  generally  the  immeiliate  cause.  More  nirely  portions  of  a  dis- 
eased heart- valve  or  of  the  intima  of  the  lieart  or  aiteries,  liver 
or  placf^iital  cells,  or  parts  of  tumors,  are  carried  in  the  eireula- 
tion  and  deposit*'*!  as  emholi,  Emhnlism  of  large  giant-cells  of 
the  hoiie-ioarrnw  is  partienlarly  eoinio*»n,  and  is  nenrly  always 
a  seeondary  process  when  there  has  been  some  other  form  of 
ceUnlar  embolism.  Disorganizatinn  of  the  blood  may  cause 
embolism  of  pigment*particles»  as  in  malaria,  or  of  small  liyaline 
masses,  as  in  burns  and  errtain  turms  of  pois4ining.  In  cases  of 
fnietnre  of  l>ones  parti*'les  of  Iht  may  be  dishnlgfd  fnnn  the  mar- 
nn\  and  enter  the  eirxHilation,  wliile  in  won  mis  of  the  large  veins 
of  tile  neek  or  elsewhere  air-embolism  is  observed.  Finally, 
masses  of  bacteria,  s^-olices  of  echinococcus,  anil  oilier  parasites 
are  a  serion^:  form  of  emboli. 

Seats  of  Embolism. — The  tinal  place  of  hxlgcmcnt  ol"  an 
cml)ohis  depends  mainly  *in  its  sonree.  Those  derived  from  the 
genend  veiit>ns  eirenhitiun  are  usually  carried  through  the  right 
heart  to  the  lungs,  wlierc  they  oeelude  branches  oi'  the  pulmonary 
artery.  Emboli  in  the  portal  cirenlation  may  lodge  in  the  liver,  or 
pass  through  the  liver  to  the  heart  and  lungs. 

Retrograde  Embolism. ^Sometimes  portions  of  thmmbi, 
tniiiof  oi:i>ses,  utlier  et  lluhir  cinijoli,  t^r  micro- organisms  may  be 
transjH>rtetl  in  the  veins  in  a  direetion  rvpposite  to  tin"  normal  blood 
current,  Thns  emboli  may  be  carried  upward  in  tlie  inferior  vena 
cava  and  into  tin-  hepatic  veins  and  so  into  the  liver;  or  from  any 
of  the  larger  veins  or  even  from  the  right  lieart  baekwartl  toward 
the  peripheral  veins.  This  eoinbtion,  known  as  retrr^gradc  em- 
bolism, is  oljserved  when  some  pulmonary  disease  such  as  whoop- 
ing cough,  emphysema,  etc.  eanses  increased  intrathoracic  pressure 
ami  eonse^juenlly  a  positive  instead  td'  negative  pressure  in  the 
large  inthrathoraeie  veins.  There  may  l>e  an  actual  retrogadc  cur- 
rent of  blood  or  the  centrifugal  transportation  of  the  embolus  may 
be  more  gradually  aceomplisbeil  liy  repeated  imjuilses  directed 
toward  the  periphery,  eac!i  of  which  pushes  it  a  little  further. 
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Emboli  cnrniiiig  from  the  left  lieart  or  from  the  aorta  are  dis- 
tributed in  the  general  arteriiil  eirenlation.  They  are  most  ire- 
quently  found  in  the  spleen »  kidneys,  and  hniio.  Other  organs  or 
tlu-  periplieral  vessels  may  likewise  be  atfeetedj  hut  the  results  of 
enjbolfsm  are  less  marked  in  them  and  ^.re  frecjnently  overlooked. 
EniboH  fniiii  the  veins  may  reiieh  the  general  eirenlation  in  teases 
in  which  the  lurarnen  ovale  or  septum  ventrienlorum  is  perforated 
{paradoxir  eini/ofimi)^  or  by  being  Ijroken  np  into  smaller  emboli 
in  the  Inngs  and  tlnis  passing  through  the  pulmonary  eapillaries. 
Tlu*  latt^^-r  is  not  iufrr<|urut  in  eases  of  tat-emliulism  of  the  lungs. 

Results  of  Embolism. — A  large  eudiolus  may  eaus**  sudden 
death  hy  tx-eluding  one  of  the  UKiiu  bnuiehes  of  the  judmonary 
artery,  one  of  the  enronary  arteries,  or  a  hirge  eerelu*id  vessel.  If 
the  vessel  m  not  wholly  oeeluded,  secondary  thrombosis  niay  com- 
plete the  obstruction  atnl  deatli  m;iy  be  slow.  In  the  case  of  less 
irajKJrtant  vessels  merely  local  anemia  results.  This  may  he  re- 
lievcHJ  by  establishment  of  collatend  cireulatiun^  or  may  cause  more 
or  less  extensive  necrosis  if  not  relieved.  The  original  end>nlus 
and  the  secondary  throndjtis  may  ujuiergo  softeintigor  organization 
in  tlie  ssime  manner  as  ordinary  thrombi  (//.  r.). 

The  results  of  oeclusion  of  smaller  vessels  by  emboli  depend  on 
the  nature  of  the  emhohis.  Thry  are  either  pnrelv  meehitnic(d 
when  the  embolus  is  aseptic,  or  fit pttc  wlien  the  embolus  contains 
micro-organisms.  The  important  mechaincal  result  of  small 
emboli  is  the  pathologic  condition  called  in/areiioTL 

INFARCXrON. 

Infarc'ts  CKxnir  in  situations  in  Avhich  there  {*rc  small  arterios 
having  only  capillary  ur  at  most  very  slight  arterial  aiuistoniosis 
with  neighbnring  arteries.  Such  arteries  were  called  vutlurterm 
by  Cohnheim,  They  are  foimd  especially  in  the  kidney,  spleen, 
lungs,  retina,  base  of  the  brain,  and 
pcirt^  of  the  heart.  When  one  of 
these  is  occhuled  by  an  emhohis  in- 
farction may  *>ccur. 

Infarcts?  are  situated  in  the  periph- 
eral part  of  the  organ,  and  arc  harder 
tiian  the  surroumling  tissue.  They 
are  wedge-shaped,  the  base  being  out- 
prard  toward  the  perijihery  of  the 
brgnn.  Infarcts  may  sometimes  res  id  t 
from  occlusion  <if  a  immber  of  adjoin- 
^ing  arterioles  or  capillaries,  and  in  this 
are  irregular  in  uutline.  There 
ire  two  forms  of  iufaretinn,  the  red  J^eru/^^'*-^"  ^^'^  ^^  '^'  ^^"'"^^ 
hemorrhagic,  and  tlie  white  or 
nemlc.  The  former  are  dark  red  in  color,  and  have  the  appear- 
jice   of   w*cdge-sliaped    areas  of  hemorrhage    with    coagulation. 


Fm,  4— Anoralt*  Inflirct  of  the 
kdlnev:  ihe  cmlKjlns,  orrludln^  « 
braiu'h  iA  the  reiiiil  mrtery.  is  shown 
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Anemic  or  white  infarcts  preric^nt  tfio  same  gi^neral  features,  but 
are  less  elevated  and  are  yellowish  or  grayish  in  colon  They  are 
frerjuently  surroujided  by  a  zone  of  congestion  or  liemorrhage 
(Fig.  4). 

Formation  of  Infarcts. — The  first  effect  of  orc-bision  of  :iii 
eodartery  by  an  ernbuhis  is  stoppage  of  the  circulation  beyond  the 
embobis,  A  wedgc-sha|>ed  atiemic  area  resolts.  Tliis  may  renxain 
anemic  and  undergo  coairu!ation-neero>4is,  with  the  formation  of 
an  anemic  orjrhtfe  infnni.  In  oilier  eases,  liowever,  the  vessels 
of  tlie  occhided  area,  after  a  temporary  period  of  anemia,  hecome 
overfilled  with  blood,  extravasation  occurs,  and  an  ftfmorrhaffic  in- 
fard  results.  Various  theories  are  otfcred  to  explain  the  persist- 
ence of  anemia  iu  tlie  first  ease  nud  the  overtilliuj^:  with  blood  in 
the  second.  In  aniMuie  infart^ts  the  |>ersi stent  anemia  in  some 
cases  is  d ue  to  t h I'o n i bi is i s  in  t ii e  Vf^ n ules  wl i ie h  rece i ve  1 1 1 e  I d< mxI 
from  the  oeelndcd  i/ndartery  and  in  the  anastomotic  capillaries. 
At  times  rapid  swelling  of  tlie  par<'nchymatons  cells  of  the  oi^n 
compresses  the  capillaries  and  maintains  the  anenna.  S>me  ron* 
t*.»nil  that  white  infarcts  are  frequently  formed  by  rapitl  absorption 
and  removal  of  the  eoloring-niatter  of  the  bh>oil  from  hemorrhagic 
infarcts*  In  the  latter  the  overfilling  of  the  vessels  residts  either 
fiiim  a  backfiinv  <if  bliKid  froin  ih*'  veins  (Cohnlu^im)  or  from  free 
ca  p  i  1 1  a  ry  -a  nast  o  1 1 1  os  is.  The  I  a  t  tf  r  w  1 1  a  1  d  1  >e  t  ^s  j  k*  c  •  ia  1 1  y  apt  to  4>ec  u  r 
when  th*'  g<juend  or  local  Ijlood-prcssurc  was  previously  elevated, 
or  when  the  lodgement  of  the  embolus  caused  reflex  (*ontmction 
of  the  snrninnding  vessels,  and  thus  overflow  of  blood  into  the 
occluded  area  through  the  (^npillary-auastomoses.  The  hyperemia 
thus  pnwluccd  suon  leads  to  extrtivasatitrn  i»f  l>lood,  l>eeause  the 
vessels  II f  tlie  twx^l uded  areas  rapitlly  underg^i  ilegt*nrrative  changes. 
Infarcts  in  the  luugs  are  nearly  always  hemorrhagic;  those  in  the 
kidneys  and  especially  the  sjilccn  are  frequently  anemic.  In  the 
brain  irregularly  sliaiH'd  areas  of  anemic  necrosis  (softening)  are 
the  usual  result. 

Subsequent  Changes, ^In  am^mic  infarcts  coagulation-ueero- 
sis  and  caseation  arc  the  marked  degenerative  changes.  The  l)roken- 
dowi]  tissue  is  gradually  absorbed  and  reactive  intlammatiiin  and 
organizatiiui  cause  cicatrization.  Xot  infVcqni'ntly  a  small  amount 
of  caleart'inis  matter  is  deposited,  i"Spr(*ially  in  intluTts  of  the  linigs. 
In  hemorrhagic  iniai'^'ts  the  extnrvasatrd  bloiwl  breaks  up  into 
pigmcnt-mattrr  aiKl  the  tissues  suffer  degrtK-rations  simihu'  to  those 
seen  in  anemic  infarcts.  The  final  result  in  i  ithcr  ease  is  genendly 
a  scar,  which  is  pigujcntrd  in  cases  of  hcmorrluigie  inlaiTts,  More 
rarely  infarcts  undergo  lit|Uefaction  and  <'yst-formation,  rspeeially 
in  the  braiiu  The  infarct  may  become  infected  by  microorganisms 
afUa*  its  formation  and  absces^s  may  result,  as  iu  cases  in  which  the 
emlx)lus  itself  was  an  infectious  one. 

Infections  embolism  occurs  in  cases  of  purulent  softening 
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[  of  tlinjmhr,  in  eases  of  ]o<?al  sn|>j>uniti{iii  or  necrosis,  in  nicerative 
endocarditiif,  ami  tht^  like.  The  first  <4Je*-t  may  he  the  formation 
oi  a  hemorrhiifi^ic  or  aneniie  infarct  ;  hnt  tlie  iniero-or^tiiHsms  scwin 
imiuiply  ami  invmle  the  tissm's,  eausinjL^  su[t[mr4tive  or  g:an*^renoiis 
pnK?eH8es.  il  eta  static  aUsee.sses  are  [ir^HhifiHl  in  this  manner. 
Similar  rej^nlts  follow  \vhen  an  iniiiret  is  seeondarily  infeeted. 
This  is  not  infreqoent  in  the  lungs,  wliere  the  air-passages  furnish 
a  ready  path  for  the  entrauee  of  mterti-organisnis. 

Bnst-embolisin. — Small  particles  of  coal,  iron,  marble,  or  clay  entering 

t^     ' -^  in  respiration  may  penetrate  tho  ti&?iieH,  are  largely  taken  on  by 

I  to  cells,  and  for  tfie  me^t  jmrt  are  c  arried  tn  the  branch iai  lym- 

j  ,..,.. V  ^:and!?»    If  the  hitter  i*re  nnrdiar^^'ed  and  «ntU  ii.  the  ilust-particles  may 

igain  acce?i?»  to  the  circulation  through  the  efferent  lyni|>h-cbannels  of  the 
gland  or  by  ruptnre  of  the  pland  into  nejghbf>rinir  veins.    More  rarely  dust- 

[psriicle^  may  enter  t!ie  blood-vcMsels  in  the  luiif^s^  directlv,  by  penetration. 

'AiWr  their  "entrance  into  the  blood  they  are  deposited  in  the  capilhme-s 
And  eubfltance  of  the  liver,  Hpleea,  and  hone-marrow;  where  they  may  re- 
Jtiain  permanently,  either  free  or  enclosed  in  fixed  cells,  or  whence  they 
may  be  removed  by  wandering  cell^;     The  tinal  disc  barge  occurs  especially 

k  from  the  lungNt,  the  tonsils,  the  lympbatie  structures  of  the  int<?stincs,  and 
from  the  livc-r  in  the  bile. 

Air-emboliBm.— Small  quantitiefl  of  air  mav  occasion  no  serious  dia- 
tiirbancei^ ;  but  when  larpe  qnantities*  enter  the  veins  the  right  heart  h 

I  found  full  of  frothy  bbxHl  and  the  pulinunary  arterioles  are  occluded  by 

r  im&U  bubbles,    Sudden  death  in  these  caae?*  is  not  uiiKsyah     8ome  recent 

1  experiments  in  dogs  !*eem  to  cast  doubt  on  the  HerirniMnejsS  of  air-emboOsm, 
but  the  matter  is  not  yet  settled. 

Fat-embolisin. — Sudden  death  may  occur  when  a  larpre  number  of  the 
pulmonary  vessels  are  obstructed  by  embolic  oil-drops.     Wben  the  proceiw 

[Js  left*  extenf^ive  little  ilisturbiOMe  arbcs,  as  the  tdl  i«  soon  bniken  up  into 
droplets  and  passes  through  the  pulmonary  capillaries,  or  it  may  be  ab- 
Borbed  in  the  hin^s. 

P\Unwnaru  in/atcU  may  be  due  to  embolic  occlunion  of  the  blood-vesseb, 
but  also  to  oostruction  ot'a  bronchiole.  Any  kind  of  hemorrhagic  extrava- 
■ution  in  the  lungs  may  asisuitie  a  wedge-shape,  because  the  area  infxitrate<J 
i»  tli<?  wedge-sha[»ed  area  included  in  the  divifiions  of  a  terminal  bronchiole, 
(For  details,  see  the  chapter  oo  the  Lung^.) 

Metastasis. — The  procesi?  of  metastasis  of  tumors  and  of  infectious 
dj9efb«es  IS  closely  allied  to  that  of  ordinary  embolism,  Small  particles  of 
tumors  in  the  one  cai?e,  or  of  infeeted  thrombi  or  tissne  in  the  other,  enter  the 
blo<jcl-vej*sela  or  the  lymphatic  chainiels  and  are  carried  to  neighboring  or 
distant  parts  of  the  body,  wliere  they  lodge  in  capilbiry- vessels.  In  the  case 
of  tumorerabolism  the  embolus  may  grow  an<i  Oi'casion  a  metastatic  nodule  ; 
in  the  case  of  infectious  proccik^es  secondary  foci  of  the  infectious  disease 
ne«^lt. 


THROMBOSIS, 

Throrabosi.H  is  the  eoagtilatioii  uf  blood  within  tlie  blood-ves- 
yt\&  or  heart  during  life.  At  the  very  Ix'ginnini:  of  the  proeess 
tJje  formation  is  not  a  oijugulum  in  the  onlinury  sense,  hut  .snbse- 
queutlvcoao^ulation  is  the  es.'?ential  feature.  After  death  eh>t-s  form 
within  thr-  heart  and  vej^^sels,  as  in  l>hMHl  removed  tVom  the  bmly. 

Caases. — The  eonditioas   fevomlde  to  tiirombosis  are  alter* 
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ations  in  the  blood-current,  changes  in  the  vessel  walls,  and  alter- 
ations in  the  blood  itself.  For  the  most  part  two  or  all  of  these 
conditions  are  present  in  cases  of  thrombasis. 

Alterations  in  the  Blood-current. — Anything  which  slows  the 
current,  snch  as  narrowing  of  the  blood-vessels,  weakness  of  the 
heart,  or  pressure  upon  the  vessels,  favors  thrombosis.  Complete 
arrest  of  the  current  in  a  part  may  lead  to  ordinary  clotting,  such 
as  occurs  post-mortem  ;  but  with  careful  precautions  a  vessel  may 
be  Hgated  at  two  points  without  the  occurrence  of  clotting  in  the 
occluded  portion — at  least  for  a  long  time.  Some  change  in  the 
blood-vessel  wall  is  generally  necessary  in  addition.  Thrombi  due 
to  slowing  of  the  current  are  frequently  seen  in  the  heart,  the  ves- 
sels of  the  lower  extremities,  and  in  the  sinuses  of  the  brain  in 
the  course  of  exhausting  fevers  or  other  asthenic  conditions.  They 
are  called  marantic  thrombi.  In  many  of  the  latter  micro-organ- 
isms have  important  etiologic  relations. 

Changes  in  the  vessel- walls  play  an  important  part.  Atheroma, 
inflammatory  or  degenerative  changes  in  the  vessels  of  areas  of 
inflammation  or  necrosis,  ligation  and  other  traumatic  injuries,  and 
diseases  of  the  endocardium  are  all  examples  of  conditions  leading 
to  thrombosis.  In  many  cases  of  thrombosis  apparently  due  to 
slowing  of  the  current  of  blood,  micro-organisms  have  been  the 
more  important  factors,  by  causing  primary  infective  lesions  of  the 
endothelium.  Dilatation  of  the  arteries  (aneurysm)  or  veins 
(phlebectasia)  or  of  the  cavities  of  the  heart  acts  largely  by  slow- 
ing the  current  of  blood  or  by  producing  irregular  currents. 

Alterations  in  the  Blood. — Experimentally,  thrombosis  may  be 
induced  by  injection  into  the  circulation  of  extracts  of  the  thymus 
gland,  the  suprarenal  bodies,  the  testicles,  and  other  organs. 
These  extracts  contain  large  quantities  of  the  fibrin-ferment  re- 
garded by  Schmidt  as  an  essential  factor  in  coagulation.  Patho- 
logically, it  is  probable  that  the  tendency  to  thrombosis  in  typhoid 
fever,  sepsis,  and  other  diseases  is  due  to  increase  of  similar  fibrin- 
forming  factors  in  the  blood.  The  name  ferment  thrcyinbosis  is 
a])plied  in  these  cases. 

The  presence  of  bacteria  in  the  blood  in  cases  of  thrombosis 
and  within  the  thrombi  thcmelves  indiciites  a  probable  relationship 
of  great  importance.  Some  bacteria  (especially  staphylococci) 
seem  particularly  pQtent  while  others  apparently  liave  little  effect. 
The  mode  of  action  of  the  bacteria  has  not  been  fully  established 
but  hemolytic  activity  and  injurious  effects  on  the  lining  of  the 
blood-vessels  must  be  considered  as  probable  factors. 

Hemolytic  action  is  also  the  probable  explanation  of  the  fre- 
quent thrombosis  met  with  in  various  mineral  poisonings  and  in 
auto-intoxication  such  as  follows  freezing  or  burns. 

Recent  investigatorH  claim  to  have  shown  that  coagulation  of  the  blood 
results  from  a  conversion  of  certain  albuminous  substances  into  fibrinogen 
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which  under  the  inflitence  of  a  /frmrttf  {filirin-fenneiit  cir  thnimbin)  acting 
in  the  pTeaence  of  (Calcium  salts  [imiiucts  libriri.  The  til>rin-tVrnieiit(throm- 
binl  ia  in  part  a  derivative  of  an  luitece^lent  called  prnthrombtti  which  occurs 
in  praetieaUy  all  of  the  eelU  of  tht?  hody  except  the  red  blood  eorptisrles. 
Thrombin  is,  however,  ako  a  direct  product  of  various  ceUi*  of  the  l>odv  and 
e3*|>ecially  of  leukocyte?*  and  viLscular  endothelial  ccll^»  The  conversion  of 
proihnrtmbiii  into  thrombin  \^  aceoni] dished  by  the  action  of  isymopiastie 
substances  found  in  the  various  celU  of  the  body  includiny^  tiie  red  corpuscles. 

According  to  these  view8  the  »ta^o?i  in  coagulation  are :  (ft)  conversimi  of 
prodirombin  into  thrombin  l>y  action  of  zymopliisttc  Mubntancc^  ;  {L)  conver- 
jsion  of  albuminoU:^  bodien  (purnglohulin)  into  tihrinogen  and  into  soluble 
fibrin  under  the  influence  of  thnnnbin;  [c]  prccipilation  of  inmduble 
{ibrin  by  calcium  ^alt<*. 

Fibrin  wa.s  formerly  thought  to  he  a  calcium  compound  but  more 
recently  the  role  of  calcium  in  promoting  coagulation  ban  been  interpreted 
a.-  that  of  ft  body  which  stimulates  the  ftirmation  of  the  tibrin  ferment  and 
doe-i  not  cuter  into  the  chemical  compoi^ition  of  fibrin.  Recently  it  has  brcn 
held  that  a  substance  (thrombogen  )  i-*  tirsl  converted  into  prothrombin 
under  the  intinence  of  a  tissue  coai^ulin  (Loel»)  or  throaibokinawc  (Mora- 
witzi;  the  [>rothrombin  unites  with  the  calcium  ?*alt«  to  form  thrombin 
(fibrin- ferment)  which  with  tihrinogen  producer  fibrin. 

Pathologic  Anatomy,— The  apj>earam*c  and  eonstnietion 
of  thronihi  clrjjc^nd  ujhui  th*'  niniiiier  of  f*)rttmtit>ti, 

When  fornied  id  eoiiseotiencc  of  a  1  most  cotii[)lcte  ^toj){wi^e  of 
the  eirctilation  they  are  rlark-<Mdored,  s*>tl,  ret}  dofs^  .similar  in  every 
way  to  post-mortem  coutjiila  ;  aiul  under  tlie  mi(*n>8eope  sh(»w  fib- 
rillar fihriii  enelosiiii^  ma  inly  red  eurptiseles. 

Yellowish  or  n  liite  throtiibt  are  formed  .slowly  fnmr  aetively 
circtdating  bloml  and  are  more  eoiisistent.  Their  eompo.sitiiui  will 
he  understood  from  the  mode  of  format i^tii.  In  the  nt^rmal  ciir il- 
lation the  reil  eorpnseles  move  in  a  eolumn  in  the  center  of  the 
stream,  separate!  1  frtjm  tlte  wail  of  the  ve.ssel  by  a  plasmatic  zone 
in  which  the  lenkueytes  may  be  .seen,  Wlien  the  eirenlation  is 
slowed,  [daqiies  form  and  approaeh  the  vessel-wall,  and  tend  to 
adhere  in  small  nmsses  to  any  point  cd'  disease  in  tlu'  endothelinra 
aiKl  also  to  each  otliet\  This  has  Ijcen  termeil  vunyiHthmihrn  of 
tlie  blood-plaqties, 

Ka  the  blood- pUtjucH  are  probably  produced  by  degeneration  of  the. red 

corpuscles,  it  might  be  expected  that  causer^  of  Mich  defeneration  would 

cca^ion  abundant  fi^rniation  of  idaqucti,  and  vQns^ntwxly  pkifiUf-thmmhi, 

T?ach,  iodeed,  in  the  ciisc,  and  hyaline  thrombi  area  regular  accompaniment 

of  eertnin  forms  of  iutoxication  in  which  hemolysis  occurs. 

In  the  ordinary  thromlnis,  aftf  r  primary  eonijlntination  of  the 
placjnes,  leukocytes  are  added,  and  red  eor[>nseles  in  jrreat  or  small 
numbers,  aeeonlincj  to  the  manner  of  formation  of  the  elot,  w  hether 
rapid  or  slow.  White  thrombi  consist  of  eontrhjtinated  phnpies, 
lenkoeytes,  and  fibrin.  They  first  appear  as  hyaline,  visei<l  masses, 
hut  subsequently  l»econie  gramdar  from  partial  disintep'iitimh  If 
the  eirenlation  is  alternately  slow  and  more  rapid,  distinct  layers 
are  seen  in  the  thrombus,  first  dark  eolored  from  admixtitre  of  red 
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rorpusclus,  tlicn  lii,Hit*T  in  liuc.  Sik'Ii  tlirornlii  are  called  Unttified, 
If  the  rirenlatinn  is  irregular  fnuii  tlilatatron  of  the  vessels  or 
from  other  causes,  the  light  and  dark  areas  of  the  thrombus  may 
be  niore  irre^ridarly  disposed. 

Till."  throiiibtis  first  f*>rme<l  i^  tlie  primary  thrombus.  Siibse- 
cjiiently  it  extends  by  additicms  {Htvf*n(htt^thrmnhm)  in  the  direetion 
of  the  current  of  blood  as  far  as  the  next  collateral  braneh  ctf  the 
vein  or  artery,  into  whieh  tlie  tliroinbus  freiiiieiitly  extends  as  a 
roimded  prominence.  In  the  ease  of  the  veins  a  new  thrombna 
may  start  from  isuch  projection  (Fig.  5),  and  eventnally  the  clot 


Fig.  5.— Tlironibuf.  in  the  femoral  vtHn  in  a  (ix^i^  of  ph1»?Mti^  iix\*m  ft  efHet  imen  In  the 
Maaeum  of  Uit'  Pliihulelpiila  Husplialy. 

may  in  rare  eases  extend  as  far  as  the  heart.  The  thrombus  may 
be  lafentl — that  is,  when  it  lies  atrainst  the  vessel-wal) — or  ah^trnrt- 
ivCf  when  the  lumen  is  completely  oliliieralecL  In  the  veins  small 
thrombi  are  frequently  formtHl  in  th<'  valvidar  poiiehes  in  maraiilic 


Tio,  <l.— ThrombcMiii  in  curdlao 
cliaml>ers,  fihowing  cytMllie  struct- 
ure lOrthj. 


Fk,  7.— Braneh  of  the  bmchial  arttry  Alter 
amnutiition,  showing  vascularization  of  tiie 
thrombus.  Th  (Weber k 


enbjects.  In  the  heart  throml>i  are  especially  common  on  diseased 
valves,  in  the  anrienlar  appenda^res,  and  in  the  inteilraljeeniar 
spaces.  They  frerpiently  appt^ar  as  jmlypoid  masses,  an*l  may  he 
attached  by  slender  pedicles.  A  eurions  form,  calle<l  ball  ihromlfi, 
is  eeen  in  the  anricles*     These  are  ronndetl  elots  whollv  or  almost 
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wholly  st^paratefl  from  the  wall,  and  may  occasion  serious  obBtruc- 
tinn  at  the  orilioeg  of  the  heart, 

effects. — Freijuently  the  collateral  eireulatloii  is  so  quickly 
establiished  that  no  uiitowanl  results  art^  seen.  Wlien  a  lai*ge  vein 
is  obstructed  venrnus  eongestiori  and  ilrop^y  nia)-  fi^llow  ;  t^hstrue- 
tion  of  an  artery  eaust^s  hx-al  anemia,  and  subseqiientlvj  if  the  col- 
lateral circulation  is  not  estiiblished,  degenerations  or  necrosis. 
Thrombotic  f>bi?t ruction  of  t^nudl  arteries  may  cause  hemorrhagic 
infarction,  Eniholism  and,  if  the  thrornhus  is  iufccted,  general 
pyemia  may  result  from  softening  of  the  thrr^mbus, 

Subseqtient  Changes, — After  their  formation  all  thnioibi 
contract.  In  this  way  the  red  forms  may  become  light  colored  by 
extrusion  of  the  red  corpuscles.  In  ^mall  vessels  reel  thrombi  often 
become  light  colored  by  removal  of  hemoglobin  and  a  species  of 
hyalin-transformation.  These  may  have  the  ap|)earance8  of  white 
tkrombi  and  are  only  disti ngu is! led  Ijy  careful  examination. 

After  the  tiirombus  has  eontraeted  it  may  nndergo  various 
degenerative  changes.  Frequently  tlic  wfiite  corpuscles,  plaques, 
and  fibrin  are  broken  down  into  an  emulsion  by  liquefaction- 
necrosis  and  fatty  degeneration,  and  the  re<l  corpuscles  converted 
into  granular  pigraent'^d  masses.  These  s*>ftenefl  portions  are 
swept  into  the  circulation  and  occasion  emlx»lism.  Frequently 
this  form  of  nmpie  sofiening  occurs  in  the  cent<T  of  large*  thrombi 
and  gives  ri*««r  to  cyst*likc  fiirmations  (Fig,  G). 


A  more  g^ritJOii  fonn  of  softening  occurs  when  the  thrombtis  is 
bv  micrtHOff^ganisDiB.     In  this  case  true  purulent  mfiening 
pbce,  and  ibe  wall  of  the  bloocUveseel  diares  largely  in 
mppontive  prooeaees.    This  form  oecuns  especially  in  the 
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i^>mbi  blocking  blood-vessels  of  suppurating  or  necrotic  tissues. 
G^!i>enl  pyemia  and  infectious  embolism  result. 

A  more  favorable  termination  of  a  thrombus  is  calcification. 
This  is  mo^  frequent  in  the  clots  in  dilated  veins,  the  calcareous 
dirotnbi  being  known  as  phleboliihs,  Arterioliths  and  cardioliths 
are  rarely  met  with. 

Organization  of  the  thrombus  may  result  from  the  irritation 
it  occasions.  New  blood-vessels  and  proliferating  connective-tis- 
Boe  cells  spring  from  the  vasa  vasorum  and  lining  membrane  of 
the  blood-vessel  as  well  as  from  endothelial  cells  covering  the  throm- 
bus, and  penetrate  the  thrombus  (Fig.  7).  From  these  organi- 
zation proceeds  as  elsewhere,  and  as  it  advances  the  thrombus 
itself  is  absorbed.  Finally,  the  clot  is  fully  replaced  by  connec- 
tive tissue  enclosing  a  small  amount  of  blood-pigment  or  calcified 
remains  of  the  thrombus.  The  blood-vessel  may  be  converted  into 
a  solid  fibrous  cord,  or  may  be  distorted  and  narrowed  by  bands  of 
connective  tissue  in  the  interior.  Sometimes  after  partial  vascu- 
larization of  a  thrombus  small  vessels  running  parallel  with  the 
lumen  of  the  obstructed  vessel  become  dilated  and  thus  partly  re- 
establish the  channel.  This  is  termed  canalization  of  the  throm- 
bus fFig.  8).  In  other  cases  canalization  may  begin  as  a  process 
of  simple  softening. 

EDEMA. 

Definition. — The  term  edema  is  applied  to  a  condition  in 
which  the  liquid  within  the  tissues  is  increased  in  quantity. 

Htiology. — It  is  primarily  necessary  to  understand  the  methods 
hv  which  the  liquids  normally  present  in  the  tissues  escape  from 
tfie  bloorl-vessels,  their  original  source. 

?f*:vfTal  processes  are  concerned  in  this  escape  of  fluid.  In  the  first 
pLa/r^r.  the  pserwure  of  the  blood  serves  to  cause  a  certain  amount  of  direcf 
^^T'Uion,  jast  as  liquid  enclosed  in  tubes  of  permeable  animal-membrane 
**^Ap*r<*  when  the  pressure  outside  is  less  than  within.  In  this  process  of 
dir<-','t  filtration  the  state  of  the  tissues  themselves  plays  a  t)art.  If  the 
aon/iai  frla/iticity  of  the  tissues  and  degree  of  pressure  of  the  liquid  in  the 
iiit^r«ititial  Hf^aces  are  lowered,  liquid  escapes  through  the  capillary-walls 
v>  *3grializ^  the  pressure.  A  second  process  at  work  is  that  known  as 
difuxifm  or  r^inrAvf.  In  this  there  is  an  exchange  between  the  blood  and 
ti**:  tlff-u^r-liquid"*,  Certain  substances  being  taken  into  the  blood  in  ex- 
ciunjr*:  for  wat^r  and  other  constituents  of  the  blood-plasma.  The  liquid 
tbuij  dl'^h2Lru:<^i  from  the  blood-vessels  enters  into  the  metabolic  activity 
of  xw:  :i**u*r*  to  a  greater  or  less  degree,  is  somewhat  altered  in  character, 
u^d  \u»:  feurpla^i  is  carried  off  in  the  lymphatic  capillaries  as  lymph.  Cer- 
UiJi  pby<»iologi4t5  (Heidenhain  et  ai.)  believe  that  there  is  a  farther  and 
r«T  jfufMirtiint  factor  of  a  vital  sort.  This  is  described  as  an  active  secre- 
lofT  function  of  the  endothelial  cells  of  the  capillaries  and  lymphatic 
•pftcei;  fo  that,  according  to  this  view,  lymph-formation  is  in  a  measure 
al  Uuutt  a  direct  secretion.  This  view,  though  not  generally  accepted,  is  sup- 
ported by  many  facts. 
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Briefly,  then,  lympL-fonuutii-ni  may  be  described  as  the  escape  of  water 

and  other   substances  through  a  more  or  \em  permeable    membrane,  the 

r  capillary- walla,  in  rrnisequeiice  of  direct  filtration,  08mf>?iis,  antl  jtrobably 

'•ecretioiL     The  ouantity  present  in  the  tissues  depends  upon  the  quantity 

escaping  from   tne   hlood-Tessels   and  the  amount  carried  away  by   the 

lymphatic  circulattan. 

The  ainses  of  increased  acetini illation  of  liquid  in  the  tissues 
may  th«^n  he  n^udily  deterntined.  Among  these  are  (a)  increase 
of  blood-pressure,  or  (6)  deerea.se  of  tissiie-elastieity  and  pressure; 
(c)  alterations  of  tlie  blood  rendering  it  more  diffusible,  or  {</)  of 
the  liquids  in  i\\v  t issues  increasing  thr  nsniotie  power  of  these  j 
(«')  iiicfeased  p<^rmeahihty  of  tlie  walls  of  the  bluod- vessels ;  (/) 
obstruetion  \n  tin*  How  in  tin-  lyin|>ltatic  vessels.  These  eiuises 
will  be  eousidered  si-parately  with  reference  to  certain  well-known 
clinical  types  of  edemii. 

(a)  Increased  blood-preBsure  al\\'ays  oeeasions  ineroased  eseape 
of  liquid  from  the  vessels  (transudation)  Jind  thus  incrciised  ibrmu- 
tion  of  lymplK  In  active '  hy]ieremia  witli  exeess  of  pressure  the 
amount  of  liquid  ntrdy  l>eeomes  so  ^reat  that  the  lymphatic  ves- 
sels cannot  carry  it  otf^  and  edema  does  not  therefore  occur.  In 
passive  congestions^  liowevcr,  as  in  lieart-disease,  pressure  upon 
veins,  etc.,  the  escape  of  liquid  becomes  more  ra])id  and  copious, 
and  the  lymphatic  circnlatiun  is  insuthcieni.  Edema  or  drupsy 
rr*sults.  In  tins  process  of  direct  lilt  ration  the  transudate  consists 
mainly  4>f  the  water  ami  sulinc  crmstitucnts  nf  the  plasma  and  to  a 
relatively  small  ticgrcc  <d"  the  albuinitions  constituents. 

(6)  Decreased  tissue -elasticity  and  pressure  is  nirely  a  factor  of 
prime  innH)rtani-e,  though  it  may  be  a  eontribnting  *'ause  in  manv 
cas^s.  In  one  class  of  cases  termed  n>dema  ex  vacno  it  is  the 
principal  cause.  In  these  eases  litpiiti  escapes  from  tlic  blood- 
vessels to  HU  a  space  left  vawuit  by  disease  or  atrtiphy  ol*  tissue- 
elements.  This  is  frequently  seen  in  the  subarachnoid  spaces  of 
the  brain  and  in  uther  parts  of  the  centra!  nervous  system. 

(c)  Alterations  of  the  bloody  though  theoretically  very  intpor- 
tant  as  direct  causes,  pmbably  act  indirectly.  It  has  been  found 
by  experiment  tliai  artilicial  hydremia,  even  though  cond>ined 
with  consideralde  increase  of  the  l)ulk  of  blood,  does  not  cause 
edema  unless  by  some  means  tlie  walls  of  the  IdtMiKl-vessels  have 
been  injur^i'f  L  It  is  pnibable,  therefore,  that  the  edema  of  anemic 
and  marantic  persons  is  similarly  dn^  to  increased  penueability  of 
the  vessels.  Tins  in  itself  might  txx'asion  cdeniaj  though  the 
degree  is  probably  greater  as  a  conseqtience  of  the  anemic  state  of 
the  blood.  The  vascular  disease  itself  is  probaldy  in  some  way 
(w^rhans  by  the  action  of  eircidating  toxic  substances)  brought 
about  by  the  condition  of  tlie  l>lood. 

(c/)  Alterations  of  the  liquids  of  the  tissues  may,  conceivably, 
occasion   increased   diffusion   of   liquid,  Imt   practicall)'  little   is 
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known  of  the  operation  of  this  element.  There  are,  however, 
certain  cases  in  which  disturbed  metabolic  activity  of  the  tissues 
seems  to  alter  the  tissue  liquids  in  such  manner  as  to  favor  the 
development  of  dropsy. 

{e)  Increased  permeability  of  the  capillary -walls  is  df  great 
importance  and  probably  plays  a  part  in  every  case  of  edema.  Ex- 
perimentally it  is  easy  to  prove  that  this  factor  alone  may  cause 
pathologic  transudation.  Applications  of  heat  to  a  part  or  the 
introduction  of  poisons  capable  of  causing  disease  of  the  walls  of 
the  blood-vessels  may  thus  occasion  edema.  Clinically  this  factor 
is  of  importance  in  the  edema  of  Bright's  disease.  Formerly  the 
dropsies  of  renal  disease  were  attributed  to  hydremia,  but  the 
experiments  cited  above  show  this  factor  to  be  insufficient.  On 
the  other  hand,  changes  of  the  vascular  system  are  known  to  occur 
in  Bright's  disease,  and  particularly  in  cases  usually  attended  with 
marked  edema  (glomerulonephritis).  Changes  in  the  blood  may, 
of  course,  contribute,  as  may  also  stasis  due  to  cardiac  weat- 
ness. 

Disease  of  the  capillary-walls  is  also  an  important  cause  of 
edema  in  and  about  areas  of  inflammation  (inflammatory  edema). 
In  these  cases  the  toxic  causes  and  products  of  inflammation  doubt- 
less attack  the  walls  of  the  vessels  and  render  them  more  porous. 
Such  edema  may  occur  only  in  the  vicinity  of  an  inflamed  area,  or 
may  be  widespread.  Thus  in  some  cases  edema  of  the  lungs  and 
other  internal  organs  may  be  occasioned  by  bacterial  toxins  derived 
from  a  distant  focus  of  infection. 

Cases  of  hereditary  edema  have  been  described.  These  may 
owe  their  origin  to  a  congenital  excess  of  vascular  permeability. 

Finally,  there  are  cases  of  edema  in  which  the  nervous  system 
seems  to  exercise  an  influence.  Among  these  are  the  dropsies 
attending  ca.sc\s  of  neuritis,  neuralgia,  or  organic  diseases  of  the 
cord.  In  these  instances  changes  in  the  blood-vessels  and  per- 
haps in  ihit  tissue-elasticity  may  be  important  causes.  An  inter- 
esting fiirni  of  this  sort  is  that  known  as  angioneurotic  edema,  in 
which  l(xial  edema  of  various  forms  (often  as  giant-urticaria)  makes 
its  appeamnco  under  the  influence  of  nervous  irritations. 

(/)  Obstruction  of  the  lymphatic  circalation  does  not  ordinarily 
occasion  edema,  becaase  the  collateral  circulation  is  sufficient  to 
carry  away  the  lymph.  When,  however,  a  larger  trunk,  especially 
the  thoracic  duct,  or  numerous  smaller  lymphatics  are  obstructeii 
edema  may  result.  This  is  observed  in  the  chylous  ascites  due  to 
obstructions  of  the  thoracic  duct  and  in  the  edema  of  elephan- 
tiasis. 

Pathologic  Anatomy. — Edema  may  take  various  forms 
according  to  its  situation.  In  some  cases  it  is  localized,  affecting 
a  limited  part  of  the  Ixxly,  as  a  single  organ  or  member.  In  other 
cases  it  is  widespread  in  the  subcutaneous  tissues  and  skin,  when 
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the  term  anasarca  is  applied.  It  may  occur  in  the  serous  cavities 
in  the  form  of  serous  transutlates  (hydrothoraXj  ascites^  hydro- 
pericardium,  etc.). 

I  The  liquiil  itself  varies  in  charaetc^r  aecordiog  to  the  cau^^e.  In 
the  pure  tniusudate.s  doe  to  increased  filtmtion  the  licpiid  Ls  waterj^, 
low  in  t^peeitic  gravity  (below  10 Hi),  and  eoniparatively  poor  in 
blood-eorpii8eles  and  albuminons  eonHtituenis,  In  eases  in  which 
disease  of  the  vessel -walls  has  playtxl  a  large  part  in  the  causation, 
espe<?ially  in  the  inflaniniatory  edemas,  the  liquid  is  more  dense 
and  contains  more  corpuscles  and  alljuininous  bodies. 

The  transudate  first  occupies  the  lymph-s];iaces  or  interstices  of 
the  tissues,  causing  a  more  or  less  uniform  swelling  and  liogginess. 
The  tissue  pitis  on  pressure,  and  on  section  more  or  less  abundant 
liquid  exuues.  The  solid  organs  (kidneys,  liver)  arc  lighter  In 
color,  less  dense,  and  more  moist  oo  section  thaw  normal  ;  but  the 
appearances  of  edema  are  here  less  characteristic  than  in  the  sub- 
cutaneous or  submucous  tissues,  or  in  the  softer  organs  like  the 
IiiDgs  and  brain. 

Mieniscopieally  the  tissue-elements  are  seen  to  be  pushed  apart 
by  the  transudate,  and  in  mme  eases  tlie  cells  themselves  may  i*e 
diseases!  (see  Dn^psieal  Infiltnxtion). 

Results  of  Bdema. — The  function  of  edematous  parts  is 
necessarily  impjiired.  Sometimes  serious  consequences  ensue,  as 
in  die  case  of  edema  of  the  epiglottis,  tlie  lungs,  or  the  brain. 
Secondary  changes  may  occur  in  [Kirts  the  seat  of  continued  edema. 
Among  tliese  are  various  degenerations  of  the  cells  and  a  productive 
change  in  the  connective  tissues.  The  latter  is  well  illustrated  in 
the  sclerotic  change  in  the  subcutaneous  tissues  of  long-standing 
dropsy,  elephantiasis,  etc. 
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CHAPTER    IV. 

RETROGRESSIVE  PROCESSES. 

ATROPHY. 

Definition. — Atrophy  is  a  condition  in  which  a  tissue  or  organ 
undergoes  a  more  or  less  uniform  diminution,  without  definite 
disease  of  its  constituent  parts.  It  is  extremely  difficult  to  draw 
a  sharp  line  bet\\«en  atrophy  and  degeneration.  Frequently  one 
of  these  conditions  merges  in  the  other. 

Hypoplasia. — This  term  is  applied  to  a  condition  in  which  certain 
organs  or  tissues  fail  of  their  normal  development.  Thus  the  heart  and 
blood-vessels  and  the  internal  genitalia  have  been  found  incompletely 
developed  in  some  cases  of  chlorosis;  and  similar  conditions  have  been 
found  in  other  diseases  or  apart  from  manifest  disease.  It  is  difficult  to 
determine  in  some  cases  whether  the  lack  of  development  is  purely  the 
result  of  deficiency  in  the  developmental  processes  or  the  result  oi  congeni- 
tal disease.  Thus  in  the  state  called  infantilism^  in  which  the  body  as  a 
whole  remains  undeveloped,  there  is  doubtless  a  relationship  with  cretinism, 
and  primary  disordered  action  or  deficiency  of  the  thyroid  gland  is  the 
underlying  cause.  Occasionally  an  organ  or  part  of  the  body  is  entirely 
wanting.    To  this  condition  the  name  aplasia  is  given. 

Btiology. — The  causes  of  atrophy  may  be  varied.  It  occurs 
as  a  result  of  want  of  functional  demand,  as  in  the  atrophies 
affecting  palsied  limbs ;  and  sometimes  as  a  result  of  disturbances 
of  the  trophic  nervous  system,  as  in  diseases  of  the  anterior  horns 
of  the  spinal  gray  matter.  In  the  latter  instances  lack  of  use  is  a 
contributing  cause.  In  the  involution  processes  of  old  age  there 
is  more  or  less  general  atrophy,  which  might  be  designated  tia 
physiologic.  Similar  normal  or  physiologic  atrophy  occurs  in 
certain  organs  before  the  general  manifestations  of  old  age.  Thus 
the  atrophy  of  the  thymus-gland  in  early  childhood  and  of  the 
genital  organs  at  the  menopause  are  instances  of  cessation  of  func- 
tion, and  consequent  or  concomitant  atrophy  of  physiologic  char- 
acter. Atrophy  may  be  more  definitely  pathologic,  and  the 
result  of  distinct  causes,  such  as  want  of  local  or  general  nourish- 
ment by  occlusion  of  the  vessels,  pressure,  etc.  In  these  cases  the 
process  may  be  purely  atrophic,  or  there  may  be  distinct  degenera- 
tive disease  of  the  cells  with  diminution  of  bulk. 

Pathologic  Anatomy. — Atrophy  may  be  gimple  or  numerical 
In  the  former  kind,  to  which  the  term  true  atrophy  might  also  be 
applied,  the  individual  cells  decrease  in  size  without  manifest  di»- 
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Fia.  111'.— Brown  atrophy  ot 
the  hcarMiiui'cle. 


iso  ;  io  the  latter  tlie  cells  are  reduced  in  number,  and  are  usually 
Brst  alterefl  by  fy>me  form  af  degenerative  diseas<:',  s<j  lliat  tiie  proe- 

IS  not,  strietlv  ti)»eakiiig,  true  atropliy. 
The  pirenchyjiiu  ut'  or^anw  suffers  first  and 
most  eJiardftt*ristieally,  the  eonnet  five  tissues 
remaining  unaHeeted  or  even  undeig(»ing  hy- 
perplasia, lu  true  atropljy  the  eel  Is  luay 
present  no  definite  alteration,  exeepting  per- 
haps slightly  increased  pigmentation.  This 
is  sometimes  due  lo  the  Jaet  \htii  the  normal 
pigment  of  the  eell  does  not  suffer  reduetio!i 
do  the  other  eonstituents  of  the  eel!,  but 
in  other  eases  there  is  actual  de]M\sition  of 
pigment  (hematogenous).  Cases  of  the  latter 
kind  arc  desiguutod  as  brown  airopfttf  {Fig.  9).  This  ib  seen  most 
-Strikingly  in  the  heart-musc^le  in  {uK^aneed  ohl  age  or  in  persons 
'dead  of  some  ehrouie  eaeheetie  disease.  In  some  of  the  eonditions 
generally  (h'serilR-d  as  atrophy  the  cells  show  degenenitions  of 
various  forms,  such  as  cloudy  swelling,  coagulation-neerosis,  fatty 
degeneration  with  vacuolization,  and  other  gross  alterations  of 
structure. 

Secondary  degenerative  ehanges  may  oeeur  in  the  connective 

ttissues  at\er  the  pareneliyuia-eells  liave  beeoine  atrophic.     TIuis^ 

I  tftcr  the  physiologic  atroj>hy  of  the  thynuis-glanil    has  occunt^d 

the  connective  tissues  of  the  gland  and  of  the  ^Turmunding  parts 

iK'Come  eonveiled  into  fatty  tissue.     In  other  •.•ases  myxomat^uis 

change  may  be  obser\^ed. 

Orgiins  which  have  undergone  arroj^hy  are  often  quite  irregular 
on  the  surface  from  unecpia!  involvement  t>f  the  flitferent  i-^m- 
Ptitnents.  The  c<msisteney  nuiy  l)e  little  changed  or  nuiy  l>e 
greatly  reduced,  particularly  when  some  form  of  eell u la r  degenera- 
tion is  present.  On  the  other  hand,  tlie  organ  may  be  hard  and 
.tough  from  seeondary  hyperptasia  of  the  eonneetive  tissue.  The 
'capsule  is  generally  wrinkled  from  ihe  slirinkage  of  its  contents, 
and  secondary  thickening  is  not  unusual,  especially  in  the  heart 
and  spleen.  The  color  of  the  organ,  like  that  of  the  individual 
cells,  often  l>ecomes  darker  than  normal  and  may  be  decidedly 
changetl  in  brown  atrophy. 

In  cases  of  pressure-atrophy  various  distortions  of  th*'  affected 
» organ  maybe  obscrvetl.  Tliese  are  partieularly  marked  in  the 
livers  of  women  who  have  laeed  cxecssively*  The  right  h^he  of 
the  organ  often  presents  a  deep  gniove  or  furrow  eorresimiifling 
with  the  lower  border  of  tlie  ribs,  and  ca(*h  of  the  ribs  with  which 
the  organ  comes  in  contact  may  cause  a  tlepression. 

Pathologic  Physiology,— Th(^  function  uf  an  atrophic 
organ  is  neces.sarily  impaired.  In  the  atrophies  of  iild  ag*»  this 
may  be  of  little  consequence,  as  the  functi<aial  demand  grows  leas 
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and  lees.  In  prematore  atronhies  general  a^  well  a^  local  disturU- 
anoes  may  CKxnir.  These  disturbanea^  vary  with  the  varying 
functions  of  the  organs,  and  w  ill  be  separately  discussed* 

THE  DEaENERATIONS. 

Tlie  general  terms  degeneration  and  metamorphosis  are  applieil 

to  changes  in  the  tissues  by  w  hifli  tlieir  integrity  is  altered  in  the 
direction  of  luwercil  vitality.  TbiTf  may  be  a  conv^ersion  of  the 
protoplasm  of  the  cell  into  substances  abnormal  to  it  either  in  kind 
or  quantity.  This  is  termeil  ikf/e iteration  in  a  narrower  sense. 
In  a  secfuirl  class  there  are  deposited  in  the  cell,  from  the  blood  or 
other  tiuids  of  the  bmly,  substances  abnormal  to  the  cell  in  kind 
or  c|Qantity*  Tlie  name  ii^Iiratiou  is  applie<l  to  tliese  processes. 
In  iudividual  cases  it  is  often  difficult  to  distinguish  between  the 
two  varieties. 

CLOUDY  SWELUNO- 

Definition. — ^Cloudy  swelling,  also  termed  albuminous  infil- 
tration and  parenchymatftus  degeneration,  may  be  tlefmed  as  an 
edema  of  the  celhilar  |U'otoplasm,  with  gnuinlar  alteration  in  the 
proto|)lasmie  protcid  and  the  pnxluction  of  oimcity. 

Etiology. ^Cloudy  swelling  is  an  almost  universal  accom- 
paniuK^nt  of  inflammations.      Cii>ulatory  disturbances  (anemia) 


Fio.  10.— Ooadf  Bweltlog  and  raecrodl*  of  the  epitbelial  eelh  of  the  ren*!  tiibul£«.  doe  Co 
tubllmAte-polAoning  (KatK  &n(i  Schmorl), 

were  formerly  supposed  to  be  important,  but  arc  now  considered! 
to  be  of  little  significance.  Fever  per  »e  can  piYRluec  cloudy  swell- 
ing, probably  not  so  much  the  result  of  the  simple  degree  of  heat 
m  of  metabolic  disturbances  induct^  thereby.     The  most  frequent 
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cause  of  cloudy  Bvvellins^  is  intoxicatioD,  either  by  l>aeterial  toxins, 
as  .in  the  various  iiifeetious  conditions,  or  by  innnmenible  oi^nic 
and  inorganic  subatanees.  Cloudy  swell tnjj;  is  also  caused  by  nii- 
tritionul  disturbanees  ;  .stan-ation  of  an  organ  will  prcHbiee  it  as  the 
iirst  btage  of  atroj>hy  ;  and,  on  tlie  contrary,  the  eelLs  may  in  other 
cases  be  so  overloaded  with  initritional  substances  as  to  become 
teniponirily  transfonncd  into  this  eonditioui  as  in  the  glandidar  epi- 
tlielium  of  the  liver  during  active  digestion.  It  is  further  known 
that  excess.! ve  cellular  activity  may  result  in  a  cloudiness  of  the 
protoplasm,  as  in  the  kidney  and  in  glands  excited  by  nervous 
^stimulation.  These  latter  prcH-e8Sf\s  should  l>c  viewed  as  uornial 
phenomena^  analogous  to  the  physiologic  fatty  degenerations* 

Pathologic  Anatomy. — The  swollen  cells  present  a  fine 
opacity  whicli  under  higlj  powers  is  seen  to  be  due  to  the  presence 
of  diffuse  refractile  granules  (Fig,  10),  The  nornuil  protoplasmic 
granulations  (Altmann's  granules)  may  partly  or  mIioHv  diwippcar; 
ill  miiscle-filjcrs  tlie  striatJons  are  obscured  or  oblitcratetL  Vaciio- 
lation  may  lie  seen  in  the  late  stages.  The  cell- wall  l)Cconics  in- 
distinct, so  that  the  eclls  apf>ear  to  have  coalesced.  1'lie  inielei 
may  be  little  altered  but  are  commonly  abs(?ured  by  the  granu- 
lation. Genendly  the  chromatin  becomes  diffusely  stained  ;  it  may 
elect  the  aei<l-stuins  or  may  refuse  all  staining.  In  late  stages  the 
entire  cell  may  lose  its  Ui^rmal  reactions  to  staining-reagents.  The 
distinctive  granules  are  not  sMloble  in  alcohol  or  etlier,  but  are 
dissolved  by  acetic  acid  and  alkalies. 

The  large  glandular  organs,  the  liver  and  kidneys,  illustrate 
the  condition  exquisitely.  The  entire  organ  is  symmetrically 
swollen;  the  general  consistency  juTljaps  a  little  deci*eased.  On 
'  gection  the  surface  may  be  foimd  a  little  moist  and  the  jmren- 
chyma  protrudes.  The  color  is  an  opatpic  pallor,  suggesting  the 
appearance  of  boiled   flesh. 

Seats, — The  glandular  epitbelia  (liver  and  kidney)  and  the 
muscle-fibers  are  the  striking  seats  of  this  degeneration. 

Pathologic  Physiology^^Tbe  opacity  seems  to  l>e  due  to 
a  coagulation  or  precipitation  of  a  part  or  all  of  the  protoplasmic 
proteid.  Some  systematic  wTitcrs  have  attemj^ted  to  divide  it  into 
two  groups ;  albuminous  infiltration,  in  whieli  the  material  has 
been  deposited  in  the  cell  and  then  l>eeu  precipitated ;  and  albu- 
minous degeneration,  in  which  the  inherent  eellnlar  proteid  has 
been  precipitiited.  It  is  doubtful  whether  this  division  is  justified. 
The  ehemic  relations  are  entirely  oljscure.  It  is  as  yet  incompre- 
hensible how  bacterial  toxins,  themselves  apparently  pn:»teids,  can 
precipitate  other  and  higher  proteids*  In  the  ease  of  inorganic 
{joisoaing  (metallic  salts,  acids)  the  process  is  more  readily  under- 
stood. The  swelling  of  the  cell  is  probably  a  simple  edema »  due, 
it  may  be  inferred,  to  disturbed  osmotic  relations. 

The  function  of  organs  is  more  or  less  profoundly  disturbed  by 


72 


TEXT-BOOK  OF  PATHOLOGY. 


this  form  of  tlegeiieratioD.     Complete  recovery  is  easy  and  fre- 

auent.     If,  however,  the  causes  jHTsitit,  the  cells  pass  into  other 
egenerations,  usually  tatty  metimorphosis. 

FATTY   INFILTRATION. 

Definition. — Fatty  infiltration  is  the  dei>08ition  of  fats  derived 
from  the  circulation  in  cells  and  tissues  which  normally  contain 
none,  or  the  deposition  of  an  excess  of  fats  in  cells  and  tissues 
which  normally  contxiin  such- 

Etiology. — Fatty  inliltratlon  may  be  physiologic  or  patho- 
logic in  its  origin.  In  conditions  of  gcncml  ohchity  the  rcgtdar  ' 
consumption  of  excessive  quantities  of  nourisfiment  m?iy  h'ad 
to  the  most  marked  degit^es  of  fatty  infiltration  ;  an  inlieritctl 
predisposition  and  lack  of  exercise  acting  as  contributing-  causes. 
In  rare  instances  it  seems  ivossililc  that  with  the  normal  physio- 
logic diet  persons  of  exceptional  digestive  power  and  living 
under  conditions  wliich  restrict  combustion  may  become  atfected 
>vith  pathologic  liitty  infiltration.  The  condition  may  (x*rur 
during  pregnancy,  and  is  frcijucHt  at  the  menoimuse.  In  a 
large  class  of  eases  an  iilinin-niul  <liet,  or  the  presence  in  the 
diet  of  substances  wbi<"h  tend  to  the  formation  of  fats,  such  as 
alcohol,  arc  responsible  for  the  condition.     It  is  doubtful  whether 


Fic,  IL— Fauy  infiltmtkm  of  the  Uver, 

poisons  prrKluce  general  fiitty  infiltration  ;  they  frequently,  now- 
ever,  indirectly  pmdnce  local  or  visccnd  infiltnitions.  In  cachexiiis 
certain  organs  may  l>ecome  loaded  with  fats,  as  is  sometimes  seen 
in  the  liver  in  pbtlusis,  lu  carcinoma  the  cells  of  the  neoplasm 
may  become  iutiltrated  with  fats.  In  orgjmic  diseases  of  the  ner- 
vous system  accompanied  by  extensive  disintegration  of  myelin^  in 
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iisea^es,  and  even  following  fractiireB  of  or  op{^ rations  on 
ttones,  the  liberated  fats  are  taken  up  l*y  the  circulation  and 
deposited  in  susceptible  k^calities.  There  is  a  nire  form  prol>ab]y 
entirely  of  senile  origin,  and  also  a  type  which  appears  at  pul>erty. 
Of  generul  diseases  tliat  may  cause  o;cneml  fatty  infiltration,  chlo- 
rosis and  diabetes  may  be  mentioned.  Fats  may  be  deposited 
locally  as  substitution-tissue,  as  in  the  capsnie  about  selerosed 
kidneys,  in  the  place  of  atrophied  muscular  fibers^  in  the  bones, 
and  ai>out  areas  of  local  disease.  The  j>rotective  ureas  of  til^rous 
tissue  whicli  wall  oH'  pathoh^gic  prn>cesses  of  various  kinds  may 
beeom  e  e x t e n  s i  v  ely  i  n  li !  t  ra  ted , 

Pathologic  Anatomy. — The  fat  may  be  ditfuse,  in  localized 
areas,  or  in  streaks  aluMjLr  tlie  planes  of  fibrous  tissue,  Tlie  ajK 
i^pc^rances  naturaliy  vary  with  the  tissue  aftected.  Tlie  connective 
^tissue  mtiier  tlian  tiic  parenchyma  usually  displays  the  disease. 
The  microscopii^  picture  in  comiective  tissues  is  jirccisely  the 
same  as  tliat  *)f  normal  adipose  tissue.  The  dei3<jsit,s  in  connective 
tissue  are  most  prominent  in  various  fasciie  and  along  the  fibrous 
stmnds,  under  the  eiulf>thelial  mend>ninesj  aliout  the  lymph- 
channels,  between  tiie  musclar  filirillte,  and  to  a  marked  extent  just 
btnieath  the  true  skin.  In  the  kichiey  the  collections  are  between 
tlie  tubules ;  in  the  liver,  iu  tlic  fibrous  trabeculie,  but  especially 
in  the  hepatic  cells ;  in  the  heart,  undcnu/atti  the  siTusa  and  bc' 
tween  the  Inmdles  of  fibers.  Within  the  parenchyma-cells,  and 
tliis  is  most  marked  in  glandular  epithelial  cells,  the  fat  is  seen 
as  distinct  drops  witfiin  the  cell- walk  The  fat-drops  are  always 
i»f  eonsidemljlH  size,  iuid  soon  run  together,  forming  one  drop, 
which  pusiics  the  privtoplasiu  ami  miclens  against  the  cell-walL 
The  nuclei  though  tlatteued  are  usually  normally  distiuct  and  stain 
well;  the  cell' protuplasui  is  clear  and  presents  its  normal  gnuinles; 
the  cell-wall  is  intact,  though  often  Indging  to  acconnuodate  the 
exces.s  of  contents.  In  nire,  prolonged,  and  extreme  iustauces  the 
bulk  of  the  fat  may  be  such  as  in  interfere  with  the  fuuctiuns  ami 
nutrition  of  the  cells,  whose  nuck'i  :ind  pmtriplasm  will  then  show 
pathcdogic  alterations.  Crystalline  fiiruKitious,  as  of  margarin  and 
cholesterin,  and  tiny  balls  of  lecithin  may  be  present,  but  are 
more  often  sr-en  in  fatty  ilegenemtions.  The  fat  may  be  stained 
with  osmic  acid  or  siidan  III. 

Seats. — ^The  favorite  seat^  of  fatty  infiltration  are  the  snbcu- 
t:uiei>us  and  subsemus  tissues,  tlie  mesenteries  and  omentum, 
ahutg  the  fascia,  l>etweeu  the  muscles,  about  the  kidneys,  and  in 
the  liver  and  heart.  The  lungs  and  central  nervous  organs  are 
rarely  and  only  slightly  affected. 

Pathologic  Ptysiology,— I  liave  attempted  to  define  this 

Leondition   rigidly  as  an  infiltration  of  fat  into  otherwise  normal 

foells  or  tissues,  distinct  from  any  possible  foraiation  of  fat  in  tliem. 

Infiltration  arises  whenever  there  is  an  abnormal  quantity  of  fat 
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in  the  cireulatioo ;  the  causes  of  this  were  pointed  out  in  the 

etiology.  Infiltration  into  imperfect  or  diseased  cells  may,  how- 
ever, occur  with  only  norma!  quantities  of  circulating  fat ;  in  this 
case  a  distinction  from  fatty  degenemtion  may  be  difficult.  All 
cells  and  tissues  are  not  of  the  same  degree  of  susceptibility  ; 
when,  tlierefore,  is^Jlated  areas  occur  in  unusual  lot^lltieg  a  pre- 
existing disease  should  be  suspected.  The  mechanism  of  de- 
position is  not  well  understood  ;  it  is  perhaps  effei*ted  by  circulat- 
ing cellular  carriers. 

Unless  very  extreme,  fatty  infiltration  does  not  geriously  em- 
barrass the  functions  nor  threaten  the  existence  of  tissues,  and 
complete  recovery  and  restitution  are  the  rule.  It  may,  however, 
cause  mechanical  embarrassment  or  may  lead  to  secondary  de- 
generations, wliich,  particularly  in  the  heart,  may  be  of  serious 
consequence  to  the  organ. 


FATTV   OEOENERATION. 

DefimtiOM,— This  is  defined  as  a  nietamoqphosis,  the  c^n ver- 
sion of  the  cellular  [jrotoplasm  into  fat.  The  classic  physiologic 
illustration  is  the  fal-prcHlueticm  in  the  secretion  of  milk.  Here 
the  nature  of  this  process  lias  not,  however,  been  determined.  The 
majnrity  of  tlie  secreting  cells  neither  die  nor  show  pathologic 
alterations  ;  while  in  the  case  i if  such  as  are  cast  ^ifl^as  colostrum- 
cells,  it  has  not  been  shown  that  their  fat  was  not  an  inJittnition. 

Etiology.^Fatty  degt  nerations  frequently  follow  upon  cloudy 
swelling,  and  the  causes  detiiiled  for  the  one  iipply  also  to  the  othen 
Of  all  agents,  ptusons  are  the  most  imp4»rtant.  These  may  be  me- 
tallic, as  mercury,  arsenic,  had,  jjhusphurus — indeed  most  of  the 
metals.  iVimjwuuds  which  directly  bind  the  hemoglobin  or  reduce 
it,  or  break  up  the  red  corpusi'les,  likewise  prtHluce  it.  Such  are 
carbonic  oxid,  ehlonites,  pyn:>gallic  acid,  some  coal-tar  compounds, 
etc.  Certain  pcusons,  like  ehlomform,  ether,  icxloform,  and  the 
acids,  fH»em  to  act  directly  t>!i  the  cell-nutrition.  In  the  case  of 
most  of  these  substances  it  seems  to  have  been  shown  in  m4>re  or 
less  accurate  chemical  studies  that  the  poison  acts  by  disturbance 
of  the  gaseous  cellular  metabolism.  The  tuxins  ot  bacteria  art* 
causes  of  imporUmee,  but  their  mode  of  action  is  not  clear,  and  the 
analog}^  with  the  metallic  poisons  which  naturally  suggests  itself 
has  not  been  made  out.  In  all  anemias  and  cachexias  fatty  de- 
generation is  common  ;  it  is  rare  in  uncomplieated  chlorosis.  The 
degeneration  in  these  cases  was  ibrmerlv  regarded  as  due  to  sub- 
oxidation.  Since,  however,  it  has  been  shown  that  no  suboxida- 
tion  occurs  in  sm^h  chronic  anemias,  tlie  degeneration  may  best  be 
classed  as  toxic.  It  seems  possible,  however,  that  extreme  henK»r- 
rbage  can  produce  fatty  degeneration  by  suboxidation.  Metab- 
olic diseases  can  also  produce  it,  as  i»  sometimes  seen  in  diabet 
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Fever  can  produce  it,  but   tlie  temperature  must  be   high   and 
prolonged* 

Local  fetty  degenerations  may  be  caused  by  local  disturbances 
in  nutrition,  if  not  too  sudden.  This  is  seen  in  cases  of  con- 
gestion, thrombosis,  embolism,  athenima,  in  tumors,  and  in  tuber- 
cular and  syphilitic  deposits.  The  fatly  changes  of  senility  are 
probably  of  like  origin.  In  the  involution  of  tissues,  as  in  the 
thymus,  corpus  loteum,  uterus,  etc.,  fatty  degenerations  are  com- 
mon. Trophic  disturbances  produce  the  degeneration,  as  is  seen 
in  the  voluntary  muscles.  In  many  [jathologic  processes,  as  in 
caseation,  liquefat^tion-net^rosis,  and  the  resolution  of  pnenmoma, 
this  metamorphosis  plays  an  imjmrtant  r6le.  In  rare  instunees,  as 
meotionedi   fatty   infiltration    may  pass  into   fatty  degeneration. 


.^^^ 


1    f  ^^ 


Fm.  12.— Fatty  degco«niCioQ  of  the  tipltbellum  of  the  reuiil  tubutefl;  at&tned  with  oimlfl 

aeid  (Slmmoticlii). 


Pathologic  Anatomy.— Organs  the  subject  of  marked  fatty 
r degeneration  are  often  somewhat  increased  in  size:   to  this,  how- 
ever, tliere  are  many  exceptions ;   a  notable  one  is  acute  yellow 
r«trophy  of  the  liver.     The  consistency  is  usually  lessened,  though 
1i»0ciat^  fibrosis  may  render  tfie  affect e<l  part  abnormal ly  dense* 
The  specific  gravity  of  tjjr  tissue  is  mitalily  n-duL-t-d,      In  the  ner- 
vous system  and  in  caseation  and  allied*  conditions  liquetaction 
may  occur.     Tlie  color  in  typical  instances  is  a  pale  yellow  ;  the 
existence  and  degree  of  congestion,  pigmentation,  or  jaundice,  will 
obviously  alter  the  color.    The  areas  of  tiegeneration  may  be  uni- 
Jbrm  or  isolated.     In  the  heart  and  liver  pjirticularly  streaks  or 
Brregular  areas  may  pnKlucc   a   mottled  appearance, '  On  section 
free  fat  may  drip  from  the  knife  and  cut  surface  :  in  other  eases 
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FKi.  13.— Fatly  de- 

Epnention   of  the 


no  fat-*lroplcts  can  be  h?<*ii  mutToscopifiilly.     To  rare   iostances 
fat-crystiiis  may   be  visible  to  the  nuktHJ  eye, 

Micrt^»f'opic  A ppfii ranees. — Tlie  [«irriiehynia-<:ells  are  first  and 
in(»^t  extensively  attk-ted,  though  (he  i'oiineetive  tii^i^ue  may  be- 
come involved.  The  eells  are  usually  S4)ra€\vhat  enlarged.  The 
mrtiinrl  gnmules  of  the  jjrotophiKm  di8ii|)pi^ii\  and 
in  their  .^tead  are  tine  dark  granules,  which  usually 
stain  blaek  with  osmie  aeid  (Figs.  12,  13),  and 
whieli  are  disstJved  by  alcohol,  ether,  etc.,  hut 
not  by  acetic  aeid.  A  jn-cnliar  reaction  of  the 
granules  is  their  staining  with  fnehsin  (fuch- 
siiiuphih'  grannies).  I'stially  the  gninuhs  are 
very  fine  and  only  slightly  refnietile  ;  they  may, 
however,  be  large,  and  considerable  dn^plets  may 
appear  or  the  entire  cell  become  c>ne  large  fat- 
dmp^  as  in  fatty  intiltration.  The  nuclei  in  njfiny 
eases  tjf  nimhnite  ilegree  show  nu  changes  ;  later 
in  tlie  [jroeess,  however,  the  chromatin  becomes 
difl'iii^cd  and  refuses  to  stain  and  the  nnelens  may  entirely  disap- 
pear. When  the  fat  is  dissolved  out  of  the  cell  a  vacuolated 
protoplasm  may  be  observed .  In  early  stages  the  protoplasm  has 
been  asserted  to  be  imaltcred  when  thus  examined.  The  cell- 
membnine  sfx>ner  or  later  breaks  di>wn,  and  the  fattv  contents 
and  detritus  fill  the  space.  i'holesterin,  lecitliin,  and  fatty 
crystalline  formatiojis  are  often  seen. 

Seats. --Fatty  degeneration  occurs  in  nearly  all  tissues.  The 
epithelial  structures,  esjieeially  the  liver  and  kidneys,  the  heart- 
muscle,  and  tlie  central  nervous  organs  are  the  tissues  most  fre- 
quently a  fleeted.  As  before  t^tated,  interstitial  as  well  as  paren- 
ehvmatoiis  tissues  may  be  involvtHl.  The  cellular  constituents  of 
exudates  and  tniosndates  are  also  lial>le  to  the  change,  and  the 
lirpiid  may  thus  pn'seut  the  appearance  of  an  enuilsion. 

Pathologic  Physiology. — Kecent  investigations  tend  to 
destrov  the  old  theory  that  fatty  degeneration  results  from  a  trans- 
formation of  the  pn»toplasni  of  cells  into  fat.  Investigations  have 
shown  that  the  cells  of  many  of  the  tissues  and  organs,  notably 
glands,  contain  tat  and  that  this  is  undouhtedly  derived  frt>ni  the 
l»lof>d,  also  that  the  fat  in  true  fatty  infiltration  has  the  same  origin, 
lu  both  of  these  instances  the  (*ellul:ir  protoplasm  is  not  de- 
monstrably altered.  In  fatty  degetjeration  so-calle<l  the  protoplasm 
iH  diseasi-d  and  in  advannx'd  stages  completely  destroyed.  This 
would  seem  to  sustain  the  old  view  of  direct  transformation  of 
protoplasm  into  iat;  but  the  most  accurate  chemical  investigations 
do  not  confirm  the  possibility  of  such  a  transformation.  Further 
when  animals  were  poisoned  with  phosphorus  and  a  fat  foreign  to 
the  animal  wasadministererl  the  fatty  organs  contained  the  fort^ign 
fat.     These  considerations  have  led  to  a  quite  general  belief  that 
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fatty  degenemtioii  results  from  an  infiltration  of  fat  derived  from 

the  blocwi  and  remotely  from  the  fat  ilepc^sit^  of  the  Ijody  or  from 
food.  The  signifieajit  ditierenee  between  fatty  intiltmtion  and 
fatty  degenenition  i.s  thut  the  former  is  a  deposition  of  fat  in  otlier- 
wise  normal  cells  as  a  result  of  exeessive  supply  of  fat  or  possibly  a 
lowered  metabolic  activity  whieb  normally  disposes  of  fat,  while 
the  latter  represents  a  dei>osit  of  fat  in  a  diseased  eell,  the  disease 
inviting  the  tJeposition  or  grt^atly  retluein^^  the  eapaeity  of  the  cell 
to  dispose  of  fat  even  in  norma!  quantities.  For  these  reasons  the 
terms '^fatty  infiltration*' anil  "^legeiu^utive  fatty  iniiltratioir-  have 
been  suggested  for  the  respt^etive  con  il  it  ions. 

In  some  recent  experiments  in  which  starving  frogs  were  poi- 
sonetl  with  phosphorus  the  direct  eonversion  of  protoplasm  int^i  tat 
seemiHl  to  have  been  denionslnited  but  even  in  tiiese  experiments 
the  glyeu^cn  of  tlie  liver  may  have  l)een  the  source  of  the  fat  pro- 
duetnl  and  besides  objection  has  Ix'en  raised  against  the  chemical 
meiliods  relied  on  in  t!ii?se  experiments. 

Fatty  degeneration  tends  to  cause  secondary  changes  in  the 
protoplasm  of  the  affected  cell  or  the  degeneration  which  in  the 
first  instance  underlies  the  ermdition  tenrls  to  increase  until  the 
cell  is  practically  destroyed.  (  Vibdar  function  is  therefore  eventu- 
ally impaired  »ir  perverteib  but  exjKnnmeTits  liave  sliown  that  eou- 
fiiderable  fatty  deg(Hieration  of  tlu'  heart  muscle  may  exist  witliuut 
impairment  of  the  heart's  power  ( Romberg;  Krehl).  The  same 
may  be  true  of  other  organs.  Mild  grades  with  preservaticm  of 
the  nuclei  of  tlie  cells  a*lmit  of  recovery^  severe  grades  go  tm  to 

t*>tal  necrobiosis. 

« 

A-  E.  Taylor  while  engajred  in  systematic  analyses  nf  the  liver  uml  VU]- 
neys  in  fatty  tlci^ont'ratiori  noticed  that  these  degenerated  organs  retained 
less  of  their  fat  on  ethereal  extraction  thati  do  mirmal  or^^aiH.  He,  there- 
fore, rrtrried  out  experiments  on  frogs  by  producing  a  fatly  degeneration 
with  phojiphorua  and  extracting  the  fat,  which  wa^  then  compared  with  that 
from  normal  frogs.  Aa  a  result  of  his  experitnenti*  he  ofler^  the  hypothesis 
that  the  combined  fat  h  a  metabolic  constituent  of  the  protoplaMin  of  the 
eell.  During  the  course  of  the  disease  causing  the  fatty  degenenition.  this 
combination  is  broken  after  the  miinner  of  the  ttction  of  fi?rnienti<  and  the 
pre%*iously  combined  tat  is  set  free  when  il  appears  as  fatty  granules  in  the 
protoplasm.  Following  thi^  eonies  fat  transportation  and  infiltration  of  the 
affected  cells.     The  reason  for  Buch  infiltration  is,  however,  not  understood, 

THE   ALBUMINOID  DEGENERATIONS. 

The  amyloid,  hyalioL^,  mucoid,  and  colloid  de^nemtions  r^p* 
resent  proteid  metanioqdioses  %\hich  an^  tdosely  related.  In 
typical  instiinces  they  am  be  quite  clearly  LliHerentiated  i'roin  each 
other,  and  for  the  sake  of  elearness  and  e<Hn  enience  they  will  he 
i  separately  described.  It  must  be  nn(h"i*st(KKlj  ln>wever,  that  the 
products  are  eh^sely  related  substances  whose  i'hemical  character- 
istics and  relatif^ns  are  not  clear,  and  which  cannot  in  many  cased 
be  distinguished. 
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AMYLOID  DEGENERATION. 

i>efitiitioti. — Tbis  consigt^i  in  the  appearance  in  tissues  of 
am yloid  material  j  whether  it  is  formed  in  loco  or  deposited  a^;  an 
infiltration  is  not  onite  clear.  Amyloid  seems  to  be  a  combination 
of  ehondratin'sulpnuric  acid  with  a  proteid. 

Etiology- — The  common  conditions  under  which  amyloid 
degcDeratioQ  arisen  are  suppuration  and  ulceration.  In  tubercu- 
loma, especially  of  the  lungs  and  skeleton,  and  particularly  in  cases 
of  mixed  infection,  and  in  syphilitic  ulceration  are  found  the  con- 
ditions most  favorable  to  its  production.     It  occurs^  however,  in 


WtG.  II,— Amyloid  ilv^feneralion  of  thti  ktdney,  showing  amyloid  iubetance  In  Uie  walU 
of  the  blcxjd-resielfl  of  the  glomertiltu  at  b,  attd  hyaline  tube-cftiU  in  Uie  renal  tuba!«« 
at  g  (Ziegicir). 

connection  with  ulcerations  of  various  sorts,  gastro-enteritis  and 

actinomycosis.  Riirely  it  occurs  under  conditions  of  cachexia 
without  suppuration,  as  in  cancer,  malaria,  leukemia.  Sometimes 
it  is  found  without  any  apparent  cause. 

Certain  local  "amyloid"  formiitions  {rorpora  oviiftaeea)  are  prob- 
ably in  no  wise  conu(^Hed  with  tlie  gene  ml  condition  and  undoubt- 
edly arc  often  futirely  plivssiolo^ic. 

Pathologic  Anatomy. — In  marked  instances  the  organs  are 
enlarged,  and  their  specific  gravity  increased.  On  section  the 
tiBsue  is  firm ;  the  cut  surface  is  smooth  and  neither  contracts  nor 
extrudes*  The  consistenuy  varies  with  tlic  coexistence  and  degree 
of  fibrosis,  fatty  degeneration  etc.     Amyloid  substance  is  more 
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inelastic  than  any  other  degenerative  material.     The  color  of  the 
organ  is  usually  pale,  but  may  obviou?iIy  be  altered  by  eougestion, 

[)ignientation,  or  tatty  degeneration.  The  amyloid  substance  iti^elf 
las  a  glistening,  waxy,  translucent  appeanince  which  is  almost 
pathognomonic*  This  waxy  apjx^arance  is  not  always  uniform. 
Mild  or  even  modemte  degeneration  may  not  prCcSent  maerof=w?opic 
appeamncoa ;  in  fact,  apparently  quite  normal  tissues  may  l3€ 
highly  amyloid  microseopieally.  The  special  appcaninces  in 
various  organs  will  he  de&cribed  in  the  ap{»n>priatc  chapters. 

jncrmcopir  Appearances. — The  favorite  seats  are  the  outer  sur- 
face of  capillary  blood-vessels,  and  the  iutinia  and  media  of  larger 
bhiod- vessels,  the  advcntitia  being  rarely  ati'ecteil,  the  endotlieliam 
apparently  never.  The  fixed  connective  tissues  of  the  organs, 
elastic  tissues,  and  basic  membranes  of  glandular  acini  are  the  \\aiis 
atfected,  the  wandering  cells  and  leukocytes  being  rarely  involved. 
Muscle-cells  are  uuduubtcdly  susceptible;  but  recent  studies  seem 
to  show  that  glandular  and  lining  epithelium  is  never  involved. 
8neh  cells  may,  and  often  do,  show  fatty  or  other  degenerations  or 
necn>sis,  but  the  presence  of  amyloid  substance  within  their  pro- 
toplasm has  not  been  sho>vn.  The  substance  appears  as  irregular 
clumps  or  streaks  in  the  interstitial  tissues,  often  compressing  the 
cells  and  blood-vessels.  It  presents  a  glistening  homogeneous  a {> 
peurance.  The  cells  usually  present  evidences  of  atrophy  and 
other  degenerations.  In  the  renal  glomeruli  and  in  the  Malpighian 
corjmsides  of  tlie  spleen  the  a|)peaniuees  are  perhaps  most  dis- 
tinctive. Without  staining,  amyloitl  degeneration  cannot  always 
be  distinguished  tVom  other  degenenitions ;  indeed,  not  always  with 
staining  react iems.  The  substance  is  highly  resistant  to  bacteria^ 
decern f>osit ion  and  to  digestion. 

Reaeiions  (see  also  below ).-^The  gentian-violet  reaction  seems 
to  be  the  most  invariable.  In  sections  of  tissue  iixed  for  micro- 
scopic study  gentian -violet  colors  the  normal  tissues  blue ;  the 
amyloid  substance  is  a  light  pink  or  red.  lodin-green  gives  a 
similar  red  reaction.  A  mahogany -red  react  iou  with  Lugol^s 
solution  of  imlin  is  quite  constant,  but  fails  in  the  isolated  amy- 
loid bodies.  It  is  easily  obtained  in  fresh  specimens.  The  red 
color  is  changed  to  a  blue  by  treating  with  sulphuric  acid  or 
chlorid  of  zinc. 

Seats. — In  the  ortler  of  frequency  amyloid  degeneration  affects 
be  kidney,  liver,  and  spleen,  then  the  larger  blood-vessels,  the 
itestiual  mucosa,  the  lymph-glands,  the  skeleton,  the  adrenal 
bodies,  and  the  heart.  It  rarely  aflects  the  pulmonary  mucosa,  the 
bladder  and  gein"talia,  the  thyroid  body,  the  voluntary  muscles, 
and,  apart  from  the  local  amyloid  bodies,  the  nervous  system  or 
the  integument. 

Local  Amyloid  Formationfl. — These  occur  in  the  nervous  system, 
esi)ecially  in  advanced  years  and  in  scleroses,  grouped  about  the 
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blood'Vesaeb  and  mc»«t  marked  hi  the  |x>sterior  cord  and  in  the 
brain ;  in  the  prof^tati^  j^Iand  ;  about  the  inflanimaton*  areas ;  in 
infarcts;  in  graniilomata,  especially  syphilis;  and  in  neoplasms. 
They  present  themselves  as  small  round  Ixxlies  which  usually  have 
a  concentric  arrangement  resemblinir  starch-gnuudes.  They  do 
not  usually  present  tlie  typii-al  amyloid  reactions  ;  often  they  react 
more  like  hyaline  substance,  an*!  indce<l  the  1> I *xxl- vessels  of  the 
affected  part  seem  especially  affected  with  hyaline  change.  The 
special  apjiearances  and  reactions  of  the  amyloid  hotlies  of  the 
n  er vou s  sy  stem  will  be  d es(  *  ri  1 )  ei  I  i  n  co n  n  eet  i  rm  with  n  e u  ropat  hology , 

Pathologic  Physiology- — As  state*!,  aniyjfml  substance 
seems  to  be  a  ctjmbinatioii  of  cliondratin-sulphtiric  acid  with  a 
proteid.  It  is  composed  of  hydrogen,  nitrogen,  carbon,  and  sul- 
phur, and  is  insoluble  in  wc^k  alkalies.  Choiidratiuic  acid  is 
normally  present  in  bones,  eartilagt^s,  and  elastic  tissue.  It  seems 
to  have  been  shown  that  an  amyloid-tike  suljstance  exists  in  the 
elastic  c<iat  of  the  Vilooii- vessels — jx'rhajvs  a  different  combination 
of  ehondratioie  acid.  Our  present  k now Irdge  suggests  that  amy- 
loid substance  is  not  entirely  abnormal,  but  rather  an  abutinnul 
combination  of  normal  substances.  It  seems  to  result  fn>m  (pro- 
teid alterations  incoonrction  with  thr  palliohjgic  processes  already 
detiiiled.  That  hiirterial  influences  are  not  necessary  is  suggc^sted, 
th<^ugh  not  provt*d,  by  the  fact  that  aniyluiil  change  has  lieen  pro- 
duced by  long-cuntiiHied  aseptic  suppunition  induced  by  turpentine 
injection.  Amyhml  change  seerns  to  lye  an  intiltration,  the  con- 
stituents being  deposited  from  the  blood  and  assiuning  their 
peculiar  characters  locally,  for  amyloid  is  not  found  jirefonued  in 
the  blood  itself  Possildy  local  cellular  eonditious  tavortlnvth- 
positirm  by  reason  of  a  loss  of  power  to  dispose  of  the  constituent 
substiinees  hrouglit  by  tin*  bhxid.  Hyaline  degeneration  seems  at 
times  a  preliminary  stiige  in  the  process. 

Amyloid  degt^neration  interftTcs  with  functional  activity  by 
pressure  upon  the  piirenehyma  and  by  vascular  disturtjances.  By 
its  situation  in  and  arnnnd  the  blood-vessels  it  nuiy  occasi<»u 
thrombosis.  Reul>sor]ition  of  nniyloid  substance  is  possible  as  it 
has  been  know  n  to  occur  ^vhen  part  of  tlie  diseased  area  Ims  been 
extir|Kited,  Sucfi  reabsorption  does  not,  however,  occur  when  ex- 
tensive amyloid  change  exists. 

HYALINE   DEGENERATION. 

Definition.-^This  is  a  retrogrt^ssive  process  consisting  in  the 
appearance  of  a  li<*mogeneous  proteid  substance  of  obscure*  nature. 
It  is  closely  allied  to  amyloid,  mucoid,  and  colloid  degeneration, 
and  can  certainly  pass  into  each  of  them.  It  is  also  related  to 
coagulation  necnjsis.  Tlic  liyaline  change  of  epithelium  of  ohhT 
authors  is  now  by  genend  consent  classed  as  a  mucxnd  tmusfornm- 
tion.  , 
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Etiology, — H3*iiline  degeneration  occurs  under  the  following 
pathologic  eircumstanoes :  in   the  rauseles  during   infections  and 

fgeptic  processes  und  following  tmtiniatisni ;  in  intoxications,  jis  by 
lead  ;  in  interstitial  hemorrhages  and  hematoma  ;  in  fitrunia ;  in 
eieatriet's  ;  in  the  blixxl-vessels  in  old  age,  artcrioseleroeis,  or  aneu- 
rysm ;  in  all  forms  of  arteritis,  especially  of  the  nervous  system  ; 
in  the  emJrM'ardium  and  i^ardiae  valves  in  all  diseases  affecting 
them  ;  in  the  grannlomata  ;  in  neoplasms,  espeeially  cylindromata 
and  keloids ;  in  the  hings  in  [vneumoiiia  ;  in  the  kielncys  in  nephri- 
tis;  and  in  all  conditions  of  coagiilation-ne<'rosis  and  tilirinoiis 
exudate  in,  for  in  thesi^  processes  hyaline  dcgcncnition  seems  tc*  be 
a  factor.  Very  jirohably  the  prrjccss  is  m>t  the  same  in  ail  of  these 
cases  hut  tlie  similarity  of  appearam^e,  staining  reaction  and  gf^nenil 
IiitthHlogieal  behavior  prevents  a  difinite  diffcn^ntiatinn. 

Pathologic  Anatomy. — ^Hyaliue  change  is  not  usnally  mas- 
sive enough  to  l>e  niaenjscopicalh'  a]>pre(*iahle.  When  so,  the  organ 
or  tissue  is  cnlai'ged,  dense,  and  presents  a  pale,   homugcneous^ 

I  opaque  appearance.  Ui>ou  the  mucous  and  serous  membranes  small 
roHections  may  l>e  readily  seen,  and  may  present  either  a  pseudo- 
men!l>ninous  appeanince  or  may  appear  as  opaque  plates  upon  or 
beneath  the  surtaee.  MieroH/opically  there  are  three  chief  sites  : 
(«)  In  the  hhxxl- vessels,  where  t!ie  degeneration  may  appear 
in  the  endothelium^  beneath  it,  between  the  coats  and  tihcrs  of 
the  vessel,  or  surrounding  the  vessel.  The  wall  is  thickenedj  the 
Innien  is  narrowed  < ir  obliterated ;  the  endothelium  may  he  in  a 
state  of  proliferation.  Pcrivasi-ular  hyaline  change  is  well  seen  in 
certain  tumors — i-yliudromata  (Fig.  lo)*  (h)  In  the  interstitial 
tlgg'-ies,  as  between  the  mosele-iibei*s,  the  hepatir  ci^lls,  the  renal 
tnhnles,  in  the  retieubmi  of  lymph-glands,  in  tlie  retina,  and  in 
neophii^ms  and  cicatrices.  It  may  be  uniform  in  distribution,  but 
is  more  often  irregularly  elumped  or  may  he  in  euneentric  whorls. 
In  tnbereulous  foci  the  reticular  fihrilhe  l>eenme  swivlh^n  and  gelat* 
inous  in  appearance.  They  may  swell  tn  su(  h  a  degree  that  the 
whole  foeus  has  a  un if  irmly  waxy  appearance,  the  cells  enclosed  in 
the  meshes  meantime  undergoing  ctmiplete  necrosis.  In  scleroses, 
as  in  the  liver,  the  newly- form ed  connective  tissue  may  assume 
a  hyaline  character,  the  fibers  being  so  closely  packed  together 
and  transformed  that  tlic  mass  has  a  homogeneous  appearance, 
(c)  Within  the  cells.  This  condition  is  probably  limited  to  meso- 
dermic  cells.  It  may  be  seen  iu  nius^^le-  and  giaut-c^ells,  and  in 
endothelium,  leuk'K*ytes,  or  wandering  cells  to  a  less  degree. 
Whether  the  epithelial  cells  take  part  in  this  transtbrmation  in  the 
coagulation -necm sis  of  nuicous  menibraaes  and  in  the  production 
of  casts  in  nephritis  has  not  been  deeidrHl.  It  has  not  been  pos- 
isible  in  the  intercellular  or  interstitial  varieties  to  decide  whether 
the  substance  was  ffirmed  there  or  de|>osited  there  ;  in  the  vascular 
f(»rm,  and  es[>eciallv  in  coagulation-necrosis  and  tibrinous  exuda- 
tions, it  18  more  probable  that  it  is  formed  in  loco, 
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"  Hyaline-thrombi  '*  cannot  be  distin^ished  iu  their  appear- 
ance from  hyaline  masses  elsewhere.     Whether  or  not  they  are 

exam  pies  of  true  hyaline  material  Is  uncertain. 

Russelfa  Fiu'fmn  BmU^s, — These  are  round  b<HJies,  of  variable 
size,  situated  within  or  between  tlie  cells  of  epithelial  tumoi^  or 
Diany  normal  tissues.  They  resemble  hyaline  material  in  api>ear- 
ance  and  gtainmg  reactions^  especially  in  their  affinity  toward  acid- 
fuchsin. 

Unstained,  liyaliiie  siibstimee  lias  a  tjlistening,  waxy  appeaninee; 
it  is  less  trani?lueent  than  aniyhnd.     Typically  it  evinces  an  attiii- 


^^ 


Pig.  15.— CyUndromii,  showing  n  num  i»t>!  <-i  blood-yessela  whose  willf'tiave  beconi« 
converted  into  bynlloe  materiaL 

itj"  for  the  acid  anilin-stains.  Stained  with  van  Gieson^g  mixture 
of  picric  acid  and  acid  fuchsin,  tlie  hyaline  substance  takes  on  a 
brilliant  red  eoh^n  It  may  or  may  not  tiike  the  fibrin-stains  ;  it 
often  tiikes  basic  stains  in  a  modified  manner,  Ii»  truth,  the 
reactions  of  hyaline  material  are  very  uncertain  and  sliiftintr :  in 
many  instances  it  can  scarcely  be  distinguished  from  amyloid,  and 
the  change  is  then  called  hyalo-amyloid ;  in  other  instances  the 
product  chjsely  resembles  mucin  {ind  the  colloid  substance.  The 
cells  of  affectai  parts  often  show  fatty  degeneration  or  other  alter- 
ations. 

Scats. — The  locations  most  often  aflrecte*!  are  the  muscles,  espe- 
cially the  i-ecti  abdominalis  in  typhoid  or  other  fevers,  the  mucous 
membranes,  the  liver,  kidneys,  ovaries,  and  adrenal  bodies,  the 
cardiovascular  system,  the  nervous  system,  the  serous  membrane??, 
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and  the  retina  and  choroid  coats  of  the  eye.     The  other  locations 
are  suggested  io  the  clijiriission  of  the  etiolog}\ 

Pathologic  Physiology. — Von  Reck  iinghaiisen  believed  it  to 
be  a  coagulation  of  normal  proteid  u|Km  the  death  of  tfic  cells; 
this  explanation  is,  however,  iiisiiliieient.  It  appears  more  likely 
either  that  it  corwists  of  prottnd  m<xlitied  in  hvo  hy  disturlx'd 
action  of  cells,  or  that  it  is  a  dejxjHition  by  cclhilar  carriers  of 
insolnble  material  formed  elsewhere.  The  exact  nature  of  the 
transformation  is  entirely  ol>scnre  ;  it  cannot  be  lield  analngnus 
to  the  coagulation  of  proteids  by  heat ;  ntir  to  the  precipitation  by 
metals  or  salts,  i?ince  in  these  events  the  protcids  are  not  usually 
rendered  permanently  insoluble  in  water  and  are  in  *Jthcr  wavs 
clearly  diHerent.  Hyaline  material  can  nndoul)tcdly  be  recon- 
vertnl,  absorbed,  and  removed.  Its  presence  nirely  conij>rfimises 
the  jmrenchymatous  structures  to  an  extreme  degree.  It  may  be 
converted  into  tlie  other  albuminoid  degenemtions,  and  may  im- 
det^  caseation  and  also  caleareons  iutxltmtion, 

MUCOID  DEGENERATION, 

Definitioil. — Theoretical ly  this  is  tlie  conversion  of  cellular 
pnjtoplasm  into  nmcin.  Mucin  is  a  glycoproteid,  which  contains 
no  pliosphorns,  ami  wliich  by  virtue  of  its  carbobydmte  moiety 
rc<biccs  cupric  snl|>hatc  in  alkaline  solution.  It  is  cpiite  insoluble 
in  water,  but  has  itself  a  marked  cnpa*'ity  ftjr  taking  np  water.  It 
is  very  soluble  in  alkaline  solutions,  but  is  pn-i-ipitated  by  siitura- 
tion  with  most  neutral  salts.  It  is  prccijiitated  by  acetic  acid  from 
solutions  poor  in  salts  ;  also  by  heat,  alcohob  and  many  of  the 
metals.  It  does  not  dialyze.  Tlie  secretions  from  different  classes 
of  epithelium  tbfler  notably  among  themselves,  and  the  pathologic 
mucins  differ  still  more. 

Etiology. — Mucoid  tnmsformation  slioiild  be  distinguished 
fnini  hypersecretion  of  mucin.  Hyjiei-secretion  is  a  common  re- 
sult of  inflammation  or  irritatinn  of  all  sorts  j  it  is  seen  in  the 
pulmonarv,  gastro- intestinal  and  orinury  mucous  membmnes,  in 
the  glands  of  C'owper,  the  gtdl -I* bidder,  the  salivary  glands,  in  the 
antrum  of  Higlimore,  in  the  lachrymal  glanils,  and  in  tlie  testicles. 
The  product  of  the  epithelium  of  tlie  urinary  tnict  and  gidbblad^ 
der,  usually  called  mucin,  is  more  often  nucleo-albumin.  Mucoid 
d^*neration  in  tlie  strict  sense  occum  most  fretpicntl}'  in  mcso- 
bla^*c  tissues,  the  abnormal  substance  lying  between  the  cells. 
It  is  in  some  way  connected  with  inflammatory  prticesses,  as,  ajmrt 
from  its  occnrrence  in  tumors,  it  is  found  only  in  tissues  the  seat  of 
inflammation.  Any  of  the  connective  tissues  of  the  body  may  be 
affected.  Widespread  myxomatous  degeneration  of  the  Bubcuta- 
Dcous  tissues  may  be  seen  in  myxedema.  In  some  cases  of  myx- 
edema^ ^leroderma,  antl  the  other  ]>achy dermic  affections,  mucin 
has  been  extracted  from  the  skin  ;  other  attemj)ts  in  similar  eases 
have  failed.     Neoplasms  comprise  the  third  group  of  mucoid  plie- 
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nomcDii.  The  imnsibrmatioii  occurs  id  sarcomata,  carcinomata,  fibro- 
mata, lipmiiata,  chontlroniata,  and  especially  in  the  myxoraata,  in 
which  nuicin  is  the  r'ssential  clement,  wliile  in  the  other  growths 
it  is  an  accidental  ;md  occasional  transforniatirin.  In  the  epithelial 
tumors  the  epithelial  cells  thcms**lves  may  be  affected. 

Pathologic  Anatomy* — The  ^ross  apfK^amnces  may  consist 
in  nothing  hnt  the  appearance  of  the  nniein.  Up<m  catarrhal 
mucmis  membranes  is  a  coat  of  thick,  tenacious  nmcns,  with  or 
without  eonj^estion  or  t>thcr  chanji^^s.  In  hMndities  where  the 
mucin  becomes  pent  np  it  swells  markedly,  dilates  the  chambers, 
flattens  the  epitheliimi  (which  may  tlun  atrophy)^  and  later 
Wcomes  converted  into  a  simple  albuminous  fluicL  Huch  a  pro 
cess  is  seen  in  the  antrum  of  Highmore,  in  C'<nvper's  gland.^,  in 
the  salivary  glands,  in  the  gall-ldadder,  in  the  vermiform  appen- 
dix, etc.;  in  these  cases  the  appearances  are  those  of  a  cyst.  In 
mucoid  degenerations  in  the  connective  tissues  the  appeaniuees  are 
often  not  characteristic  of  mucin  ;  the  tissues  are  soft  and  elastic 
am!  tear  easily.  In  tumors,  cysts  are  usually  formed  along  with 
general  nujcuid  infiltration.  In  cystic  ovarian  neoplasms  the  pro- 
ductitm  is  often  massive,  and  the  substance  is  often  peculiar  in 
refusing  precipitation  by  acetic  aci*!,  and  has  tlieretore  been  termed 
pstnidomucin.  In  myxomata  the  sul>stance  is  usually  much  more 
dense. 

MwroHCop li "  A ppea ra n et\s. — In  f *a ta r r ! la  1  m u eon s  membra Uf *s 
the  gf»hlet-(*ells  are  seen  in  excessive  t|uantity.  Only  in  extreme 
instances  is  tlie  pr^>eess  accompanied  by  the  death  of  the  celL  The 
cells  are  niu<'h  swollen,  and  the  distal  end  is  esjiecially  bulged  out 
with  its  <lrop  of  mucin.  There  is  usually  a  siilmjucous  inflam- 
matury  reaction,  ami  pus-cells  4'ontaining  mucoid  matt^rial  may  bt- 

seen.  In  the  euuncctive  tissues  it 
is  seen  that  the  mucin  lies  between 
the  cells  and  that  the  grouud-sul)- 
stance  has  <lisa(*pcared — i,  i\j  been 
ci inverted  into  mucus  (Fig.  16). 
The  ct*lls  very  ran-ly  pr4\srnt  mucous 
change,  but  arc  often  degenerated 
in  other  ways.  In  tumors  the 
change  may  occur  in  and  between 
the  cells  and  in  the  form  of  cysts, 
whose  walls  nuiy  or  may  not  pre- 
sent a  eclbdar  lining*  The  blood- 
vessels are  nirely  affected.  In  all 
sitmitions  mast-cclIs  may  be  seen, 
often  abundantly. 

Mucin  is  Inst  fixed  with  cor- 
rt>sive  suldimatc.  As  a  rule,  it 
electa  basic  stains.  It  stains  only  moderately  witli  hematoxylin, 
but  very  well  with  methylene-blue  and  indeed  with  most  of  the 


Fi«.  Ifi  — Myjcomatons  dcgenenitloTi 
of  (i  ^urt^mii,  (tliowin^  sti'llate  relLs 
aopamti'd  by  mucoid  InttrrceUulax  ma- 
tL'riiil  (Karjf  ancl  Schmorl). 
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basic  aiiilin-stama.  Thinnin  antl  toliiicliii-bluo  are  the  best  staius, 
giving  it  II  pyrple-rrd  col<ir.  These  staining  rtnictioiis  htp  not 
entirely  distnietive,  :iiul  it  is  c»fteii  iniiHissible  to  ditlereiitiate 
nuiooid  from  eplioid  material,  ami  eveji  imm  liyaliue- and  amyloid 
material. 

Seats^ — Of  normal  epitlieliai  tissues  the  mucosa  of  the  respi- 
raton^  and  gastro-iiite?^tiiial  tracts,  the  s^iltvary  glands,  and  the 
nt^:»riLs  are  m<ist  often  atfeeted  ;  any  epithelium  may,  however,  be 
involved,  Tlie  connective  tissues  have  been  .sutlieicntly  eonaid- 
ert*d.  Of  nenplaisras,  ovarian  cyst^j  al>doiuitiid  eareiiiumata,  and 
nie^ioblastie  tumors  anywhere  are  most  lial)le. 

Pathologic  Physiology. — ^Sinee  the  deposition  of  mucin 
seemn  to  be  exeluded,  the  only  e.xplanation  is  to  assume  the  con- 
version of  other  proteids  into  nntein.  The  causes  antl  modim 
Oj/enindi  are  not  clear ;  the  fatt,  ho\v*'ver,  that  in  the  ey^ts  the 
mucin  may  be  reduced  to  simple  albumin,  shows  the  jKjssibility 
_  of  sueii  transformations, 
^^b  Unless  the  disease  is  very  prolotigctl,  atfeeted  mueous  inem- 
^^■branes  may  recover.  The  connective-tissue  forms  du  not  oi'them- 
I  selves  threaten  the  life  of  the  tissue  ;  and  the  deposit  is  often 
I  removed  by  reabsorption.  In  neoplasms  the  degeneration  seems 
L       an  evidence  of  eell-ileath. 


COLLOID  DEGENERATION. 


Definition. — This  consists  in  the  abnormal  appearance  of  a 
substance  whose  prototype  is  the  colloid  material  of  the  thyroid 
gland.  It  is  not  precipitated  by  acetic  acid  n(*r  alcohol,  does  not 
take  up  water  avidly,  and  is  therefore  much  like  the  pseudorauein 
already  noted. 

Etiology.— It  occurs  in  (r< liters  and  in  tlryroid  ueojilasms,  in 
the  hypophysis  cerebri,  in  the  kiilneys  (some  cases  of  contjenital 
Cfvstis),  and  the  adrenal  bn4lies,  in  the  prostate  and  seminal  vesicles, 
in  the  atrophic  <rastrie  ruueosa,  in  cysts  of  the  lips  nnd  Itirynx,  and 
in  the  cervix  uteri.  Colloiil  traostbrmation  in  neoi)lasms  apart 
from  those  of  the  thyroid  IxKly  is  wry  rare.  Colloid  may  arise 
from  or  liecome  convertetl  into  uuu  oid  materiab  and  stands  very 
close  to  the  hyaline  sulistanee. 

Pathologic  Anatomy,— iV  tfected  organs  may  be  enlaro-ed,  and 
tnay  be  lianl  or  i|uitr  s<ilh  Chi  section  ttic  cnlluiil  areas  appear  as 
yellowish-bnjwa  transliK-ent  bodies;  nxrcly  they  are  arrancre*l  in 
large  clumps.  They  may  be  nia*-vroscopically  iiivisiiile,  or,  on  the 
entjtrar\%  may  f<*rm  lar^e  cystic  collections  with  thin,  tiattened 
walls.  Colloid  de^'iiemtion  may  be  aeeorupanied  by  serous  trans- 
mlation^  due  prolnibly  to  vascular  distnrbnnc<'s.  The  serous  tmns- 
tldation  seems  to  dissoh'e  the  colloid  material^  so  that  finally  the 
cysts  form  com  part  luents  filled  with  a  f.*hocohite-col(ired  fluid'con- 
taining  pus,  bltMMl,  and  crystals  of  eholestcrin,  sodium  chlorid, 
and  calcium  oxalate  [Fig,  17), 
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Mlerosmpieidiif  the  material  is  found  in  the  glandular  acini,  in 

the  cells,  and  in  the  connective  tissues.  There  are  often  signs  of 
pressure,  and,  probably  from  the  same  cause,  the  areas  are  ane- 
mic and  ha\^e  a  poor  vascular  supply*  The  arraiigenient  is 
asually  in  balls  or  whorls,  homogeneous  as  a  rule,  but  often  with 
concentric  or  radiating  lines.  The  are^is  often  intercommunicate, 
and  extensions  may  he  traced  into  the  adjacent  tissnes.  The  cells 
usually  show  degenerative  changes,  and  intlanimatory  reactions 
are  often  present.  Crystals  of  caleiimi  oxalate  are  common*  Acid 
gtains  are  usually  elected,  as  in  hyaline  degeneration.  The  indefi- 
niteness  of  the  reactions  may  make  it  im]>ossihle  to  exclude  hya- 
line anfl  mncoid  chap*j''^ 


b  17.— Colloid  rlcgem*r*lkiT»  of  tlir  Uiymir!  pluti 
the  gljiiini  atini  (Kiirj?  an 


of  colloid  matter  in 


Pathologic  Physiology. — This  is  obscure^  hut  seems  to  be 
anali>gous  t<i  that  ol"  mucoid  change.  The  substance  is  undnubt- 
eilly  jjroducecl  in  lotm. 

Colloid  is  a  grave  degeneration,  usually  connected  with  marked 
cellular  disturbances.  The  substance  may  become  hyaline  or  mu- 
coid, or  may  Ije  replaced  by  a  simple  or  purulent  exudation. 


aLYCOOENIC  INFILTRATION. 

Definition,— *This  condition  consists  in  the  presence  of  gly- 
cogen in  cells  which  normally  contain  none,  or  the  presence  of  an 
excess  in  cells  which  normally  contain  it,  as  in  the  liver,  ciirtilagc, 
muscles^  leukocytes,  in  the  cmliryo  in  all  tissues,  and  in  the  uterus. 
The  attempt  has  been  nnulc  to  separate  glycogenic  infiltration 
from  a  glycogenic  degeneration,  but  the  conversion  of  proto|dasnjic 
proteid  into  glycogen  lias  never  been  demonstrated. 
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Ktioiogy. — The  condition  ib  not  infrequent.     It  is  seen  in  the 
tissues  iu  diabeteB,  eBpecially  in  the  kidneys,  muscles,  liver,  and 
i  circulating    leukocytes^     It    oi-enrs    io    neoplasms,    espeeiiilly    in 
malignant  growths  tri"  niisohliLstie  origin,  btiing  rare  in  nifist  earei- 
nomata.     In  leukocytot^is  oi"  different  varieties  the  cells  may  con- 
tain grannies  of  glycogen  or  a  suVistance  resembling  glycogen,  and 
similar  granules  may   Hoat   free  in  the  ]*lasnia   (see  lodophilia). 
In  purulent  collections  and  in  iutlammatf^ry  areas  the  cells  may  be 
.markedly  infiltrated.     The  infcctians  granulomata,  however,  seem 
'exempt.     The  amylaceous  bodies  of  the  prostate  arc  closely  allied 
to  glycogen. 

Pathologic  Anatomy. — Tissues  rieli  in  glycogen  may  pre- 
sent a  hyaline  apiK'anince  ;  usually  there  are  no  macroscopic  alter- 
lations.  Mieroseopieally  the  material  is  gencnilly  found  \\vithin 
^the  cells;  it  may,  however,  be  in  the  inten'elliilar  substance,  and 
may  be  free  in  the  plasma  of  blcxid  or  ttie  fluid  of  exuilates.  It 
is  commonly  dcjx3sited  as  njuud  balls,  which  may  be  concentri- 
cally striated.  In  frft>h  tissues  it  is  soluble  in  water,  but  loses  its 
solubility  after  fixation  by  alcohol,  etc. 

Glycogen  is  stained  brown  by  iodin,  but  the  brown  is  not 
ktunied  blue  on  the  application  of  snlphurie  acid,  Ptyalin  or  amyl- 
E opsin  convertK  it  into  sugar,  with  the  loss  of  the  cxiltn-rcaction. 

The  pathologic  physiology  is  obscure.  In  diabetes  it  is 
simply  an  expression  of  the  general  li\7>erglyeemia.  In  neoplasms 
and  suppurations  the  collections  arc  probably  deix»sitions. 

DROPSICAL  INFILTRATION, 

By  dropsical  infiltration  is  meant  edema  of  the  edh,  the  pres- 
in  cells  of  an  excess  of  plasma.     This  does  not  always  occur 


no.  18,— Dropeical  Inflltratiuii  of  tht  epithelial  ceUsof  ft  carciitoina  of  tlie  breast:  a. 
ordlnmiT  epUheual  ceUs;  h,  dropsical  rells;    c,  dropsical  nuclei;  d»  enlarged  nucIeoU 

in  general  dropsy^  the  fluid   being  between  the  cellss  and  often 
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cxjmpreseiDg  them  to  a  marked  degree.  In  other  instances  the 
cells  take  up  the  fluid.  In  bums  and  pemphigus  and  in  other 
iikin-lesions  conne<-*t<^d  with  vesiculution,  and  in  variou.s  influniTua- 
tionsi  of  organs,  edema  of  the  cells  occurs.  It  is  also  a  part  of  the 
d^eneration  termed  cloudy  swelling. 

The  cells  are  enlarged,  often  to  an  extreme  degree,  and  they 
may  even  burst.  The  protoplasm  stx>ner  or  later  becomes  cloudy 
an<l  often  presents  tlegenerative  changt^s — tatty  metamorpliosis  in 
particnian     Vacuolation  is  frequently  observed  (Fig*  18). 

The  conditio  in  is  probably  a  purely  physical  phenomenon  in  the 
dropsies.     In  tlie  cutaneous  lesions  other  factors  are  operative. 


CALCIFICATION. 

Definitioii. — Calcification  consists  in  the  abnormal  deposition 

in  tissues  of  ciirthy  salts.  The  phosphates  and  carbonates  of  cal- 
cium are  the  chief  salts  concerned,  the  oxalates,  liowever,  are  often 
present ;  and  the  corresponding  magnesium  salts  may  be  mixed 
with  thern.  The  Ijest  physiologic  examples  are  the  senile  change 
in  the  vascular  apparatus  and  the  furmation  of  the  bniin-sand 
(acervulns  cerebri).  Calcification  of  the  skeletal  tissues  is  usually 
accomplished  as  a  physiologic  process  through  the  activities  of 
special  cells  ;    this  is  an  essential  element  in  ossification. 

Etiology. — The  disposition  genenill}'  iit-curs  in  diseased  tis- 
sues,  especially  in  those  tiie  seat  of  vaiseutar  disortlers.  Ijocal 
necrosis  or  fibrosis  antedates  intereelbihir  wilcifimtion,  and  the 
process  may  bti  accompanied  by  atnusliy  and  absorption  of  certain 
cellular  elements.  In  neoplasms  abnormal  cellular  conditions 
certainly  predisjwse ;  but  here,  too,  the  vascular  riOations  are  of 
notable  importance.  Hyaline  and  fatly  degenerations  often  pre- 
cede or  accompany  calcification. 

In  mre  instances  no  lofal  priM^l  is  posit  ions  can  be  determined. 
Cases  of  this  kind  mx*ur  in  old  age,  antl  in  lliese  cases  it  is  inferred 
that,  owing  to  inrreased  llnie-resorption  from  the  skeleton,  the 
system  is  saturat^'d  to  the  jioint  of  preripitiition  (metastatic  ealci- 
iiciition).  Similar  supersatn ration  of  tlie  lilood  with  calcareous 
matter  may  occur  in  i-ases  of  extensive  disease  of  bones,  and  may 
k'ati  to  widespread  deposit i*>n. 

v.  Kossa  tound  that  nrrn^sive  sublimate,  acetate  of  lead,  copj^^r 
salts,  iodin  and  iwloform,  ail  arc  capable  of  producing  calcification 
experimentally, 

Pathologfic  Anatotny. — Early  in  the  process  no  macroscopic  i 
signs  are  apparent.     On  micmse^opic  examination  the  salt8  are  seen] 
as  fine  granules  scattered  through  the  inteFt*elbdar  substance,    C^dl^ 
ular  infiltration,  however,  is  not  uncommon,  and  in  such  instance^ 
the  cells  show  more  or  less  extc»nsive  nuclear  and  protoplasmiJ 
degenerations.     By  the  coalescence  of  the  granules  larger,  ivrvgxl 
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larlv  spherical  bodies  may  be  forruetL  These  usually  have  a  con- 
centric arrangement  (psammoma  bodies)*  Definite  erystals  are  rare, 
bnt  may  lie  ^een.  The  next  adjacent  tissne  may  present  an  opaque 
appeanince.  In  certain  localities,  especially  the  lilood-vessels  and 
serous  menibrane.s  ealcareons  plates  are  formed.  The  depositions 
may  attain  a  surprising  size,  especially  in  the  vessels  and  in  neo- 
plasms. The  color  of  the  deposits  is  usually  white^  grayish,  or 
vellow  ;  accidental  pigments  may,  however,  prwluce  discolomtions. 
On  staiinuj^r  the  depinition  taken  u(»  Uoth  carmine  an<l  hematoxy- 
lin, but  exhibits  no  elective  attnirtion  for  the  anilin  dyes.  The 
salts  are  dissolved  by  acids,  best  l>y  bydrtK*hloric  acid  ;  in  the  case 
of  carl  w  nates  J  with  evolution  of  carlwrnic  acid  gas.  Many  oi^nic 
and  inorganic  acids  are  em|>loyed  in  the  decalcification  of  tissues 
for  pur|K>ses  of  micros<^opic  stufly.  Fibrosis,  cellular  necroses, 
and  degenerations  can  be  demonstrated  in  the  tissues  by  suitable 
methotls. 

Seats. — ^It  is  in  the  eardiovaseular  system  that  the  condition  is 
of  the  most  importance.  It  often  occurs  as  a  simple  senile  change, 
usually  connected  with  an  atrophy  of  tlie  elastic  tissues  of  the 
vessel-walls,  liyaline  degeneratiftn  oi'  the  connective  tissue,  and 
genend  hijnjsis.  It  is  almost  invariably  an  accompaniment  of 
fielerotic  endocanlitis  and  arterioselentsis.  In  the  endocardium  the 
valves  are  most  frequently  atlct:ted  ;  of  the  vessels^  the  aorta,  the 
coronary  arteries,  and  the  c<UTbral  vessels.  The  process  is,  how- 
ever, often  universal,  and  the  splanchnic  vessels  and  nidial  arteries 
seem  ver\'  susceptible.  It  affects  eliicfly  the  intima  an<l  media.  In 
the  perieanlium  the  ilcjMJsition  is  uncoinmon  without  the  prcvions 
oocurrence  of  jx^ricarditis ;  in  adherent  perieanlium  the  heart  may 
be  litem! ly  enclosed  in  a  calcified  sac.  In  the  myocardiimi  ealei- 
fieation  is  usually  interfibrillar,  but  may  involve  the  fibers.  Large 
collections  may  occur  in  the  pituitary  btKly,  the  meninges,  and  in 
the  ventricular  plexust-s.  It  is  conmion  in  the  joints,  uncommon 
in  the  pleura,  rare  in  the  peritoneum.  In  the  musctes  hx^al  for- 
mations are  not  mrc,  and  usually  t)ccur  at  the  scat  of  previi)us  in- 
jury or  irritation.  In  the  lungs  and  liver  it  is  not  unusual  in  and 
around  foei  of  necrosis  due  to  various  causes  (tnben'nlosis,  parasites, 
etc.).  Cicatricial  tissue  often  becomes  calcified.  In  the  walls  of 
cysts,  in  the  biliary  and  urinary  bladders,  in  the  limiting  wall  of 
old  abscesses  and  hcmatnmata,  in  thromboses,  and  even  in  tnitaneous 
ecars  calcification  is  a  eouunon  iuL'idt'ut.  In  the  kidneys  infarcts 
of  these  salts  may  be  forinetl.  The  neoplasms  most  subject  are 
the  avascular  tumors  :  uterine  fibromata,  fibromata  in  general,  der- 
moid cysts,  goiters,  scirrhous  caRnuomata,  tumors  of  the  pituitary 
iKMlies,  and  especially  neoplasms  involving  bones  or  ciirtilages. 
It  may,  howev^er,  occur  in  the  most  vascular  sarcomata.  The 
sjjecial  term  psammoma  (g.  r.)  is  applied  to  certain  calcified 
neophLsms.  Lithopedia  are  the  ealeitied  fetuses  of  extra-uterine 
pregnancy.     Afiart  from  neoplasms,  the  most  striking  intracellular 
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cle|msitioi)s  are  seen  in  tlie  gaiigl ion-cells  in  area^  of  softc^niiig  and 
in  the  renal  cells  following  certain  nietiillic  poLsoniii^  (mercur>^)* 
It  is  iiitoresting  to  note  that  tlie  iotestinal  epithelium,  which 
normally  seoreten  tlje  larj^er  part  of  the  lime-saltft  discharged  from 
the  body,  is  rarely  infiltrated  by  tliem. 

Pathologic  Physiology. — Various  views  are  held  to  ex- 
plain tile  d*>pt)iiition8.  An  excess  of  tlie  salts  in  the  blood  or  tissue- 
liqui<ls  mn.st  lie  rare.  On  the  one  hand,  it  has  been  assunieil  that 
the  soluble  are  converted  into  insoluble  salts,  and,  on  the  other 
hand,  that  the  tis^^ues  liave  become  h\sg  solvent  for  the  salts. 
T*rol>ai>ly  the  best  e,stal)lishetl  view  is  that  the  salts  are  precipi- 
tated as  insolulile  eombi nations  with  proteids. 

Calcareous  deiwsits  are  prol>ably  never  removed,  but  once 
formed  remain  permanently.  There  is  no  doubt  that  they  in- 
fluence the  adjacent  tissues,  causing  degenerations* 

OSSIFICATION. 

OB»ific4ition  implies  the  dc^ position  of  linie  salts  anfl  other  clmngefl' 
tl) rough  the  agency  of  ostt-ublitstic  cells.  It  occurs  in  cartilages,  and  in 
tumors  connected  with  the  holier*,  cartilages,  and  periosteuuL  Ossification 
of  the  mu^les  may  occar  ha  a  local  process  or  as  a  widespread  and  progres- 
sive disease  (see  Myositis  OssificaoA).  The  salts  are  regularly  deposited 
and  are  usually  in  maases  between  the  cells.  An  accurate  difft»rentiation 
from  calcification  can  in  t^ome  inf*ljineea  be  made  only  by  the  detection  of 
oflleoblasts  after  decaleifica^tion  of  the  material. 

URATIC  INFILTRATION. 

DepOfiitti  of  urate  of  sodium  in  the  cartilages  and  fibrous  tt^ues  of  joiata 
and  in  Tarious  other  ailuations  occur  in  the  cour^se  of  gout  (see  Disturbaocea 
af  MetAboliam  and  DiBeasea  of  Joints)* 


PIOMENTATION. 

According  to  tlie  origin  and  variety  of  the  pigments,  piginenta- 
taons  may  be  divided  into  four  groups  :  1,  thoe-e  in  which  the  pig* 
tnent^  are  derived  from  external  sources ;  2,  those  derived  from 
the  hemoglobin ;  3,  those  derived  from  the  bile ;  4,  those  derived 
from  cellidar  activity  ^\^thin  the  organism. 

PIsrtnentation  from  the  Exterior. 

Of  the  first  group,  those  censed  by  entrance  of  foreign  bodies 

through  the  air-passages  are  the  most  important  The  condition 
now  generally  termed  pneumonokoniosiS  is  commonly  a  disease 
of  occupation.  Coalj  iron,  and  stone  ure  the  most  frequent  foreign 
substances  irdialed-  Vegetable  particles,  as  grain-dust  and  textile 
fibers,  and  aninml  hairs  and  furs  are  not  uncommonly  the  cause  of 
such  pigmentations.     Corresponding  to  the  agent,  there  are  scich 
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t«rms  as  aiithracosis  (coal-dust  i%rm.'ntiition)^  sidero&iB  (tron),  caU 
eicosis  (stone),  etc.  (Fig,  19).  InhaltMl  aiibBtiinces  pmbably  do  not 
n^i'h  tJie  alveoli,  but  are  caught  hy  the  !)ronchial  cellular  cilia. 
In  part  they  are  cougliiMj  u[)  or  otherwise  cawt  oil'  with  the  bron- 
chial secretions ;  in  part  they  jienetrate  tlie  brtmchial  walls  or  are 
carried  by  plmgocytic  eel  in  into  the  snbniucosa  (Fig,  20),  They 
may  beeonie  deposited  jo  the  latter  situation,  or  may  be  earried  in 
the  lymphatic  cin^ulation  to  tlie  peribronchial  and  mediastinal 
glands,  the  fibrous  tissue  of  the  lung,  or  the  siibpleural  tissues.  In 
rare  instances  the  pigment  finally  readies  tlu'  general  tnreulation, 
following  whicli  it  is  deposited  largely  in  tht*  spleen,  liver,  intes- 
tinal mucosa,  and  kidneys.  In  these  eases  the  mucous  niembrane^j 
from  the  lips  downwanl  may  be  more  or  less  pigmented. 


Fte.  If.— TutjercuXoiiu  of  the  lutig,  Ktiuwiu^  auihruootic  (^iginoutiitfoiii  in  tlie  lower  paft. 

Pigmentation  thmugli  the  alimentary  tract  is  be^t  illustrated  by 
argyria  fnllowing  the  excessive  ingestion  of  soluble  salts  of 
silver.  The  defwjsitions  seem  to  consist  of  a  redueeil  form  of  a 
tilver  albuminate.  In  the  skin  the  pigment  lies  directly  under  the 
epithelial  layer,  betv^'een  the  cells,  aud  in  the  intercellular  tissue 
and  lymph -spaces.  The  gastric  and  intestinal  walls  ar<?  deeply 
affected.  The  liver  and  kidneys  are  usually  in  vol  veil  ;  in  the 
former  the  deposition  is  prriportal,  in  the  latter  the  glomeruli  and 
the  corticomedullary  boimdary  contain  the  pigment;  in  both  the 
t^lls  are  free.     Among  the  nirer  sites  are  the  choroid  plexus,  the 
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various  glaodg  of  the  body,  and   the  walls  of  the   blood  ves- 

seb. 


Fio.  20.— PhEecKrTtic  celli  of  tlic  brnncbf^t  secretion  (Bpiittiiii)  cotiUinitif  bUck  Mrtictes 
of  dust  ana  carbon ;  the  celk  on  (he  right  are  tUilncia  wllh  mctbylene^lue  (JaVob). 

Pigmeiitation  Ijv  ciitiineous  absorption  iipart  fnnii  tattot>in|^  is 
problematical ;  it  lias  been  alleged  to  ix-eiir  in  \v(irkers  in  copjH*r. 

I1ematogen0us  Pigmentation. 

This  (?imeerns  the  deposition  of  pigments  (lerived  from  the 
hcnio^hjbin,  of  whieh  there  are  two  groups,  the  Mtderous  and  tlie 
non-side  pons.  The  ehief  siderous  pigment  is  liemosidenti,  whieh 
lias,  liowever,  many  moilifieations ;  the  non-siderous  pigments  ai^ 
derivatives  of  heniatin^heniatoidin,  liemofusein,  melanin,  etc. 
In  the  eoui^e  of  time  the  siderous  pigments  may  lose*  their  imn. 
F'robably  all  formation  and  further  ehd)<jnition  of  these  pigments 
are  the  result  of  specifie  eellular  uetivities.  Two  groups  of  lienia- 
togenous  pigmentations  may  l>e  *listinguished»  (1 )  those  in  wliieh 
the  heinolytie  agents  aet  in  the  rireuhiting  blood  c*r  tlie  assiteiated 
organs,  and  (2)  those  in  wlvieh  the  reduetiuns  cKrur  In  Itveal  tissu^^s, 

(1)  To  the  first  group  belong  the  general  hemolyses.  In  prr- 
nicious  anemia  and  leukemia,  in  malaria,  in  severe  eaeliexias,  in 
occasional  infeeti^ms  and  septic  pnx^esses,  in  poistmings  (as  by  pyro- 
galli<*  aeid,  chlorates,  arseniurctted  hydrogen,  by  some  molhisks, 
by  pyritlin  and  toluylendianiin,  etc.),  the  hemoglobin  is  set  free  in 
the  circulation*  It  is  promptly  excreted  by  the  kidneys,  and  to  a 
limited  extent  by  the  intestines  ;  mneh  is  converte<l  into  bile  in 
the  liver,  mnw  little  passing  into  the  bile  unchanged.  A  certain 
amount  is  rediu'ed  i)y  the  tissues  (ap}xirently  l)y  the  liver)  to  the 
two  beforc^-mentionetl  series  of  ]>ignu^uts,  wfiich  are  then  carried  in 
the  lympliatie  and  vaseuhir  circulation  and  by  means  of  celluhir 
carriei-s  and  deposit(*d  in  various  j>laees.  As  time  passes,  these 
pigments  seem  to  become  nuhiccd,  the  iron  being  excreted  l>y  the 
intestine  and  the  rcmainilt  r  by  the  kidneys  as  urobilin.     In  the 
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liver  the  depositions  are  largely  in  the  periphery  of  the  lobule;  in 
the  spleen »  in  the  ref^ions  <if  the  fivllieles  :  in  tlie  kidney  the  tnost 
marked  a>i lections  are  in  untl  ahout  tbe  glomenili  and  the  tubules. 
In  all  tissues  the  tlejKisitioiis  are  both  intereellnlar  and  intraeelhilar ; 
the  cells  may  cither  take  up  pigment  *>r  have  it  deposited  in  ihenu 

Heinochromaiosts, — Von  Recklinghausen  first  described  under 
this  name  a  condition  in  which  imn-contatning  pigment  is  de- 
positeil  in  the  epithetia  of  the  abdominal  glands,  especially  the 
liver  and  pmcreais,  and  iron- free  pigment  in  the  smooth-nmscle- 
fi bers  of  the  intestines,  and  the  walls  of  bhHxl-vess*:'^  and  lymph- 
vessels,  as  well  as  in  connective  tissues.  He  found  cirrhosis  of 
the  aflFected  organs  associated  with  the  pigmentation.  Later  a 
form  of  wide-spreail  pigmentation  of  the  same  diameter  and  in- 
volving the  structures  named,  as  well  as  other  org:ins,  antl  notfil)ly 
the  skin,  and  attendefl  with  glycosuria,  was  deserilied  by  French 
writers  under  the  name  of  diubNe  bronzS,  In  this  condition  there 
is  pronounced  elrrliosis  of  the  liver  and  pancreas*  and  the  diabetic 
ass4i<^jation  is  attributed  to  the  invfilvement  of  the  latter  organ. 
Cases  without  piincreatic  cirrhosis  of  a  eertiun  grade  or  kind  are 
unattended  with  iliabetes. 

Alcoholism,  cachexia,  and  suppositious  toxemias  of  other  sorts 


,— Pbagocytic  ceUa  of  the  spiitnm  crontaJnltig  blood -pigment,  from  &  case  of  cardtao 
coDgi'Stioii  of  the  Umip  M^1t(>t)). 

have  been  regar^led  as  of  etiologie  impfjrtance.  The  pigment  is 
certainly  of  hematogenous  origin.  The  deposits  in  the  cells  cause 
degeneration  and  death  of  the  latter,  and  eimsequential  cirrhosis. 

The  appeanince  of  organs  with  marketl  hematogenons  pig- 
meDtatioD  varies  with  the  variety  and  stage.  A  rusty -re<l  color 
is  the  usual  early  apjiearance  ;  later  a  brown,  then  a  greenish,  color 
may  l^ie  pro<lucfMl^  and  finally  a  dark  Idackii^h-lmnvn.  Tlie  associa- 
tion of  Jaundice,  whieb  is  common,  alters  appearances  verv^  much. 

(2)  The  two  <'hief  eaiisrs  of  iocaf  pkpntnittfioit  are  thrombosis  and 
interstitial  hemorrhage  and  coagulation.  The  pigmentations  .seen 
io  the  indurations  resulting  from  pnjlonged  venous  stagnations  and 
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eongeistions  are  probably  of  analogous  origin*  Uu*If*r  these  cir- 
tnimstaiit-os  the  hemoglobin  is  tlift'iistnl  from  the  blood-eells,  and  a 
ixirtioii  passes  tlirertty  riito  the  plasniutic  t^ireidatioii  and  isearrietl 
away  to  he  eliminated  ;  soon,  however,  the  area  heeomes  walled 
off  antl  the  two  sets  of  pigments  are  then  formed  wtthiiu  Tlie 
siderons  pigments  are  most  frequently  seen  in  small  lesion.s  ami  at 
the  periphery  nf  large  ecehynioses ;  the  hematoidin  series  is  mowt 
prevalent  within  the  cystic  eontents.  The  pigments  change  in 
color  (the  color-i'hanges  in  a  bruise  are  due  to  this),  and  finally 
become  a  brownish  amorjjhoiis  matter,  which  in  turn  d(sapi>ears. 
Phagocytic  cells  take  up  all  forms  of  the  pigments  (Fig.  21),  and 
earr\^  them  to  various  parts  of  the  body,  especially  to  the  liver, 
hematopoietic  organs,  intestines,  and  glands;  the  depositions  in 
them  are  know^n  as  pif/menl'mtiadanai. 


I 


Fia.  22.-'R€'miitoldin  crysttals  from  an  uld  heraorrbagic  focu«  (Jftkob). 

The  distinctive  reactions  of  the  various  pigment.s  are  not  well  _ 
known.  Of  hematiu  and  liemin  it  is  known  that  they  are  insohi-  ■ 
ble  in  water,  alcohol,  and  ether;  sliglitly  soluble  in  weak  accti<T 
and  mineral  aeids  ;  easily  niluble  in  ehlor«»form  and  in  weak  alka- 
lies,  ihtm  which  solution  they  are  precipitatLHi  on  the  addition  of 
linje-  or  baryta- water.  Hematoidin  ditters  fnuu  these  in  being 
gijmewhat  soluble  in  ether,  but  ins^dnble  in  weak  acetic  acid,  ami 
gives  with  strtnig  nitric  acid  the  sjxH^tral  play  of  colors.  Apart 
from  tlie  iron  reactions  little  is  known  of  hemosiderin.  The  ir<jn 
is  best  demtuist rated  by  it.s  eonvei'sion  into  the  sulphid  by  means 
of  ammonium  sulpliid,  or  by  the  Frnssian-l)lue  reaction  with  weak 
hydr«>eiiloric  acid  mul  (votassium  ferrocyanid* 

Mivt'oscojumfly  hematogcnons  pigment  presents  three  chief 
appearances ;  small  needles,  rhond)ic  crystals,  and  amorphous 
masses  or  tine  balls  clum|X"d  together  (Fig,  22).  The  first  two 
frirms  are  veiy  rarely  peen  within  cells,  the  last  forni  commonly. 
The  colors  vary  from  a  pink-red  to  a  deep  rubin,  from  pale  yellow- 
green  to  a  deep  br*iwn  or  absolute  black. 
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H  e  patogetious  Pi  g  me  n  tot  ion . 

Pigmentations  derived  from  the  bile  are  due  to  hilirninn  (iso- 
meric with  hc^matoidhi)  and  its  oxidation-product,  biliverdin.  As 
will  be  elsewhere  exphiined  in  detiiil,  all  jaundice  is  now  held  to 
l>e  of  hepatic  origin  ;  so  far  as  know  n»  only  the  hejKitic  and  renal 
cells  can  pnxluce  l*ilirul>in  from  in'matin. 

The  de[>osition  of  these  pi^^mients  may  be  either  in  solution  in 
the  tissues,  in  granular  precipifations,  or  in  en^stals  (needles  and 
rhrvndnc  plates).  The  cerehnil  substance  alone  seems  never,  ex- 
cept in  the  new-he >rn,  in  lie  pitrnieoted.  The  liver,  skin,  mucous 
menilimues,  the  endarteriutn  and  other  serous  memliranes,  and  the 
glanduhir  and  tatty  tissues  are  especially  susceptible.  The  color 
is  first  yellow  antl  gradually  tlecpens  to  a  dee[)  olive,  tlie  urine 
prei*eiitmg  simihir  transitions.  The  lachrymal  and  salivary  glands, 
the  mammsc,  and  the  intestinal  mne(js;i  seem  to  be  alile  to  keep  the 
pigment  from  pissing  out  with  their  secretions*  The  ocular  tin  ids 
are  coloreiL 

The  pigment  in  sidution  satumtes  the  tissues^  Tlie  graiudar 
pigments,  yellow,  liruvvn^  vr  greenish  in  color^  may  l>e  seen  in  the 
cells  or  in  the  interstitial  tissues  ;  the  ciystals,  yellow  or  red  in 
color,  are  usuidly  extracellular.  The  pigment  displays  the  spec- 
tral play  of  e(jlyrs  on  cfuitaet  with  strong  nitric  acid,  and  is  turned 
green  by  weak  tincture  «if  iodin, 

A  special  iVirm  of  deposition  is  the  hilirnbin-intarct  in  the  uri- 
nary tubules.  These  are  s(*en  in  severe  janntlice  of  the  new-honi, 
but  niay  occur  m  deep  ic terns  of  adults,  us  in  a^jute  yellow  atrophy. 

Meta  bol  ic   Pi  ^me  n  tat  Ion . 

The  pigmentation  derived  inmi  eellidar  activity  may  be  prop- 
erly termed  metabiilic*  We  know  isolate^l  facts  abnut  tht'  differ* 
cot  forms,  but  there  is  little  syslematie  fnndanicutal  knowledge. 
Two  facts,  however,  seem  clear  :  tliat  thesi'  pigments  are  formed 
by  migratory  and  resident  pigruent-buihling  cells,  which  with 
leukocytes  and  plasma-rells  accomplish  the  transportation  and 
deposition  of  the  pigments  ;  and  that  hemoglobin  is  in  some  way 
or  other  tlie  mw  matcriiil  for  tht  ir  manufacture,  witli,  pf^rliaps, 
the  exception  of  some  pigments  in  melanosarcuma,  wlii(4i  sei'm 
derived  from  protcids. 

The  manifestations  may  be  lo<*al  or  g4'neral,  Aint^ng  the  former 
are  the  pigmentations  oi'  nevi  and  moh»s,  of  pregnancy,  of  the 
corpus  luteum,  freckles,  some  scars,  certain  skiiMliseases,  as  chlo* 
asmu  and  xanthelasma,  of  the  lesions  sec^aidary  U>  some  cutaneous 
fKii-  ^\    A  special  local  type  is  that  seen  in  tumors,  notablv 

in  III  ircouiala.     Li|Mimata  and  sarcomata  (chloroniata)  may 

be  analogously  atfeeted. 

Among  the  general  pigmentations  are  those  of  Addison's  tlisease, 
of  certain  severe  anemias  and  cachexias,  of  tuhereulosis  of  the 
peritoneum,  intestines^  and  retroperitoneal  glands,  of  abdominal 
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neopla^tn^,  and  of  senility.  The  cases  associated  with  ahJuniiual 
leoons  are  held  ti>  be  eonneote<l  with  distiirbances  of  the  adrenal 
bodies  or  of  the  sjyhmelinie  sym pathetic  system,  which  lias  been 
considered  to  have  control  of  pigment -format  ions. 

The  nietaholic  pigments  an*  very  varied,  and  a  detfiiled  diseii^- 
«on  of  them  liere  won  Id  be  mipmfitahle.  They  may  have  a  hipfh 
pepcenta^  *if  .^ulplnir,  and  may  or  mtiy  not  eontain  iron.  They 
wre:  comtnonly  dejxisited  in  and  between  the  eells  as  grannies,  but 
may  be  erj-stalline.  lliey  do  not  give  a  play  of  colors  with  nitric 
licid,  and  have  varying  .solnlnlity. 

NECROSIS* 

Definition. — Necrosis  may  be  defined  as  the  death  of  tissues. 
The  death  uf  individual  eells  is  termed  m'crobioHh  ;  death  of  tissue 
en  masse ^  usually  accompanied  by  putrefactive  changes,  constitutes 

Btiology.^All  ela'^ses  of  cellular  death  may  be  brought  un- 
der fotU"  etiolugic  gn>ups :  1,  those  due  to  nutritional  and  eireula- 
U)ry  disturbances ;  2,  those  due  to  trophic  disturbances  ;  -3,  those 
due  to  |M>is<jn.H — animal,  vegetid>le,  bacterial,  and  inorganic ;  and, 
4,  those  due  to  traumatism,  employing  the  term  in  it*^  broadest 
sen*^*.  It  lias  been  attempted,  without  success  in  our  opinion,  to 
cloiiS  the  tropliic  necmst*s  as  identical  with  those  due  to  circulatory 
and  lujtritional  disturbances  ;  similarly  the  poisous  and  traumatism 
have  b{^u  eonsidere*!  as  acting  only  through  the  eirctdatory  and 
nutritional  paths,  but  it  seems  evident  that  in  the  light  of  our  present 
knowledge  the  lour  groups  are  to  a  greater  or  less  degree  distinct. 
The  various  causes  do  not  produce  eonst-int  types  of  necrosis^ 
but  oc<»iision  one  form  in  some  eases,  another  in  other  c:iscs.  Prom- 
inent among  thes^i  varying  eircnira stances  are  tlie  native  health  of 
tlie  ti^ueft  and  their  vital  resistance,  the  circulatory  relations  of  the 
part  involved,  the  activity  and  duration  of  the  causid  agents  the 
age  of  the  subject,  the  presence  of  other  diseases,  the  temperature 
of  the  ttifiueH,  etc.  It  will  therefore  be  better  first  to  consider  col- 
li*cti%*ely  the  caases  of  necrosis,  and  subsetpicntly  detail  the  varieties 
of  it.  There  can  be  no  doubt,  however,  that  in  the  direct  forms 
of  Q49cromi  the  reetiltA  are  Uj  a  marked  extent  individual  to  the 
agent;  for  example,  cells  kilh'd  by  the  action  of  acids,  alkalies, 
and  metallic  halu  present  ap[X'arances  quite  characteristic  of  each. 
OiiciiIaUny  DerangementSa — The  circulutory  disturbances  in- 
iude  many  eondi lions.  Acute  and  chronic  ischemia,  however 
ifodiiced — by  emlKilism,  throml>osis,  arteriosclerosis  and  atheroma, 
by  extra-art/'rial  presmirf*,  by  cardiac  weakness,  or  by  arterial 
ppaum,  aii  in  liaynaudV  disease  and  perhaps  in  ergotism^ — are  im- 
pirtant  conditional.  Venous  stagnations  are  respon^hle  for  many 
iBi^tanc4>K.  Actual  fnkmh  due  to  mechanical  obstructions  and  such 
puhsfiningA  wi  prodaoc  c<xigulaticjns  is  a  rare  cause.  Heat  and 
cold  act  partly  by  drculatory  disturbances^     Among  the  geoezal 
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ilisoi-clers  of  circulatiuu  and  uutritiuii  iimy  lie  iiieiitiouLMl  tbt* 
aneoiias,  tlie  cachexias,  senility,  arnl  certain  metaljolic  diseases, 
snvh  iL«  (Ualjetes.  In  these  conditions  tliere  is  nmrli  piv>l»al>ility 
that  poison  iujir  l»y   tuetaholie  priKJurt^  plays  an  iniportjuit  part. 

Trophic  Berangements.— Forms  vf  nurrosis  due  to  trophie  dis- 
turbances are  well  illiistrute<l  Ijy  bedsores  (deeubitUB),  myelitic 
i'vstitis,  the  ulcerations  seen  in  trigeaiinal  neuritis,  and  the 
arthnipathies.  These  forms  nt' »-ell-deatii  cininot  be  bnaii^ht  under 
the  eireulatory,  toxic,  or  iraniuulii'  t-la'^^iticatiou.  ^Fhev  can  Ije 
explained  only  by  tlie  asstun[»tit*n  that  the  biologic  nieebanisni  of 
the  cell  is  disturbed,  and  that  in  eoiis(Mpieiice  deatii  tx*curs. 

Intoxications.— Th(*  g'''*'4*  ^lue  to  poisons  is  very  extensive 
and  the  paitieuhir  subdiv^isions  numerous.  The  toxins  of  bacteria 
furnish  many  examples  of  direct  necrosis,  and  act  indirectly  in 
cases  which  8<?em  circulatory  or  traumatic,  tliough  they  are  not 
really  so,  mucc  these  factors  ordy  lower  the  resistance  of  tissues, 
which  then  liecome  siisceptible  to  bacterial  iufection.  Experi- 
mentally tlic  most  excpiisite  forms  of  cell-degeneratious  and  necrosis 
can  be  ]u*oduced  by  tlic  injection  of  toxins  or  analoircais  substances 
like  ricin  au<l  abrin.  The  alkaloids  possess  nuirked  power  in  the 
pr<Klnction  of  necrosis.  Acids,  alkalies,  metallic  salt^,  and  innumer- 
able otlicr  chemical  substances  may  prfwluce  direct  necrosis,  or  indi- 
rect nei^msis  ijy  the  preliminary  |*ryduetion  of  dcLrc  iKTations.  The 
siime  substances  often  cause  liotb  circulatory  and  mechanical  di.s- 
turbances,  which  augment  their  direct  ejects.  Heat  and  coM  act 
like  chemicals;  heat  alters  the  pnjperties  of  prott  ids ;  ctdd  affects 
the  fluids  rather  than  tiie  pnftoplasmic  substances;  both  also 
induce  marked  circulat<iry  disturbanrcs. 

Mechanical  Agents. — The  nieclianical  causes  of  necrosi.s  are 
many  and  varied.  Pressure  per  se  may  cause  the  deaHj  of  cells, 
hut  is  often  aided  by  the  circulatory  disturl)ances  which  it  occa- 
sions. Tliat  tension  causes  necrosis  is  an  old  surgical  truth,  well 
iUiLstratetl  by  tlie  results  of  collections  of  exudates  below  the  peri- 
osteum ami  l)y  tlie  resnUs  u(  strangulations.  The  j pressure  of  cal- 
culi, eoncretioiis,  enteroliths,  and  exo-^toscs  may  cause  ini|K>rtant 
necrotic  processes,  Cirt*ulatory  disturbances  often  arc  a  vevy  active 
fact^jr — indeed,  many  forms  of  tmumatisjnact  solely  through  them. 

Inflammation,  whatever  its  cmginal  inception,  may  become  so 
extreme  as  to  lead  to  necrosis.  Necrosisj  on  the  other  hand,  often 
leads  to  inflammation,  the  dead  cells  constituting  the  primary  irri- 
tants 

All  forms  of  necrosis  are  accompanied  to  a  greater  or  less 
extent  hy  the  various  degenerations.  In  particular  the  cellular 
alti^mtions  are  constantly  present,  and  constitute  the  eviilences  of 
morbific  action.  (Reference  will  be  made  below^  to  tlie  cellular 
t-'liangeft.) 

There  are  several  general    forms  of  necrosis  which,  however 
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proclu<^«Hl,  have  a  siiffieifiitly  clistinet  pluimcter  to  warrant  separate 
<lpR*riptioiis.  They  are  f<wuriilati*»u-iie€T(wis,  liiiuetaction-necrosis, 
frag^atiou^  fat-neerosLs,  ijeiufilysis,  and  gangre^De, 

COAGULATION-NECROSIS, 

I>efifiitiotl. — This  i.s  ilcfiiied  as  that  tbrm  of  death  of  tissue 
in  which  tfie  pmtoid  sutlers  a  change  similar  to  or  ideotical  with 
coaofulation.  It  is  seen  only  in  those  tissues  which  are  rich  in 
proteids.  The  prtjcess  is  partly  at  least  a  siK*eies  of  fibrin-forma- 
tion, and  is  allied  to  hyaline  defeneration. 

etiology. — The  causes  of  this  condition  are  those  alx»ve  de- 
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jxtreme  periphery  of  ihc  ilinstmUoa 


tailrjfi  for  fjeen>rtiH  in  ^nerah  Cireulator}*  distnrlianees,  ext^pl 
ti§rttm\t*tniH  or  inJiiretions,  play  ii  mini»r  ntle  here,  Chemicail  irri- 
fiit«l    hi^h    tcni|M'rutures    frec|iiently    produce   it-     BaeC^ml 
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0imtiP»  are  very  pixjiie  to  produce  it,  especially  thi^se  elaborated 
Uy  flic  pyo^feiii*'  Iwctcria,  the  tubercle  bacilhis,  ami  the  Bacillus 
mytfilHrriiK.  Aliout  every  abscess  is  IIiuikI  inert*  or  IfSB  Cfn^ula- 
iimMfet'timin  ;  it  is  one  oi*  the  early  changt.'S  in  tubeides  and  the 
frrfylnrrMiitu)  elenif  nt  in  tk-  pn^thietion  of  pscuckniieBlbnMflu  AH 
-  •  r  f  Tf/-^  mvl  trjiiLHUiktcs  are  liaJile  to  coagulatioo. 

««rrifii4  and  mucous  membranes  arc  most  $ysnr{idl4e;  next 

i-Hijcs  /nflien  the  myot^rdiuniK 

r  Anatomy. — ^The  tis^ie  baf«  a  ghanl,  opaqiae^ 

.1',  and  is  firuier  and  paler  thatl  tmnmL     Im  blw 

«i„  ,r  Ixjcumcs  ^ ray  and  tJje  tissmf  inclttKS  lo  soAfa. 

J4,  it  in  H*fcn  that  there  is  an  exiKiatr  ^hkh  has  beco 

,.  is;    fibrin  is  seen  (with  suitable  ^tains>  ui 

ltd   fiiirils.     In  addition  to  thr  6hnm  liw»  ij 

,r  i«fwm  hooKi^encous  matter  (fibri»oid\  mhkh  dot^  M 
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s  like  fibrin,  but  which  i.s  neverthelesja  closely  allied  to  that 
substance.  TIjc  cells  soon  lose  their  ch  ctioii  for  stains  (Fig.  23), 
Early  in  the  piYice«i8  the  niiclcj  miiy  stain  liiintly  and  present  a 
homogeneous  appenmnee  ;  later  the  cell  disintegrates  completely 
(Fig.  24).  In  muscles  the  st nations  disappear ;  and  in  the  car- 
diac musf'le  the  intereellnlar  ceraent-suhstanee  j^eenis  to  be  dis- 
solved, for  tlie  cells  often  lie  separated  and  present  vacnolation 
and  fragmentation.  I'us,  lenkoeytes,  and  rvd  hlmMl-cells  in  tlic 
affecteiJ  areas  all  suffer  the  fate  of  tlie  fixed  tissne.  The  blood- 
vejkscls  at  the  margin  of  the  area  are  seen  to  l»e  thromboi^ed.  In 
the  kidneys  the  tulades  may  eontiiin  lirm  casts. 

Morbid  Physiology, — Many  ehcmicids  cause  coagulation  by 
direct  action.  In  the  larger  nnmber  of  instances,  Iiowever,  it 
mubt  be  assnnied  that  the  tibrinetgenetie  substances  vvhieb  bring 
ab<iut  the  coagulation  of  the  protcids  an*  dtrivinl  troin  ihe  necrcH 
biotie  cells  in  the  area  or  are  carried  thither  by  the  lymphatic 


ft  ^ — CoAguUtlon  necrcffiifl  of  the  heymtic  veUn  in  a  cnae  i>f  piifrperal  eclAmpelA 
iKarg  utid  SchiiiiiriL 

wIU.  There  is  considerable  evidence  that  bacterial  products  may 
ai't  fibrinogeneticaliy.  It  has  l»een  contcutiiMl  that  coagulation 
Dtvrosis  is  simply  a  s{>ecies  of  inspissation  of  the  tissues.  This 
is  eertiiioly  not  the  cuse. 

An  arcii  of  ciKigulatiMn  may  be  east  off  by  the  )>roecss  of  oleer- 
ation,  may  undergo  litpictaetinn,  caseation,  or  suppuration,  may  be 
^cysteil,  and  apparently  may  l>c  dissolved  and  reabsfjrl»ed.  The 
arr-a  of  disease*  may  finally  be  converted  into  sear-tissue  by 
s€iH>udary  regeneration,  More  or  less  complete  lusis  of  function 
nsulti»  from  this  tbrni  of  necrosis. 

LIQUEFACTION-NECROSIS. 

Definition. — This  change  e(*nsists  in  the  <leath  of  tissue  with 
t*«>llit|Uati<>n.  It  may  be  divided  into  priimiry  and  seeoiidan^ 
forms.  St»condary  litjUefaetif m-neerosis  is  the  furm  in  which  other 
viiriotu...  i.r  !nxTOsiia  or  degeneration  are  followed  by  li(|uefaetion. 
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ThtiBi  areas  of  coagulutiwo'tiecrosiis,  elieesy  necrosis*,  and  of  iuflain- 
niation^  jran^retioiis  tissu«%  \uv\  tumors  may  boeome  liquefied, 

AmoiJ|^  the  .s|M'i"ial  tiiruis  may  lie  iiiciiMoiicfl  vcsiele-forniation 
and  the  softeninc:  of  caseous  tubeivulous  h>iims.  A  very  fr<'r|iient| 
seat  of  liqiiefactioii-iieerosis  is  tlie  cn-iitral  iiri'vous  systt^iii,  where 
the  conditions  are  nufiivorable  to  eoji^ulatitrn,  so  that  li<|uefartion 
here  follows  patliolcjgie  conditions  whieb  would  elsewhere  proiliiee 
coagulation.  Cinnilutory  disturbances,  traumatism,  antl  intoxica- 
tions all  cause  softening  in  tlic  ecutral  nervous  system:  tlie 
peripheral  nerves  are  mneb  less  susceptible, 

Patholoiic  Anatomy,— In  the  early  stages  the  tissue  is 
softer  than  nrtrmal  and  very  rich  in  juices.  Later,  when  the  s<.)lu- 
tion  of  t lie  fibrillar  tissues  is  advanced,  the  area  beeoines  tilled  witli  a 
liquid  of  greater  ur  less  consistency,  d«  pending  npon  the  tissue  in- 
volved. The  cells  hi  the  area  arc  seen  in  all  stages  *jf  tlegcueration  ; 
later,  not iiing  but  detritus  is  visible.  In  some  instances,  instead  of 
becoming  more  and  inure  tlnid/tbe  ex lulate  undergoes  cuagnlatiou. 
The  color  may  ix^  white,  from  tlie  presence  of  an  enudsion  of  fats; 
yellow,  from  tats  and  jjigiuents  ;  red  and  hrown,  from  the  pivsence 
of  blooil-pigment ,  and<leeply  colored  when  jaundice  is  associated. 
The  pnK'css  consists  in  the  infiltration  of  fluid  into  tis^nnes  and 
the  more  or  less  coni|)lete  suliUion  (*f  the  tissue-c^lements  in  it. 
It  haj»  been  compfired  to  the  altenUiMUs  of  pi*oteids  by  digestion— 
a  reasonable  deduction,  since  enzymes  are 
often elal>orated  in  the  processes  which  give 
rise  to  liquefaction.  In  other  res]iects  the 
process  resemldes  the  solution  in  distilled 
water  of  proteids  precipitated  by  salt  so- 
lutions. 

Areas  of  liquefaction  may  diseharpi 
their  eou tents,  may  cuagnlate,  nuiy  be  re* 
absorbed,  encysted,  or  in  uncommon  in- 
stances organized. 

CASEATION, 

Caseation  is  the  cnide  name  applied  to 
a  e^implex  process  whose  prtxliict  has  a 
cfieese-Iike  ap]>earanee  (Fig.  25). 

Tlie  condition  is  most  frequently  seen  , 
in  connection  with  tuberculosis^  although  ^ 
it  is  found  in  the  other  gmnulomata,  and 
als>  in  other  pathologic  processes.     The 
preliminary  eomtiiio  sine  tpta  non  of  casea- 
tion is  eoagidation-necrosis. 

The  early  tnliercle,  lK?fore  the  oeear- 

renee  of  softening,  has  an  appi\irance  like 

le*-  homi^treneuus  and  more  i^ranidar  (Fii:. 
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26).  A  form  of  ciiseatiun  qiuto  similar  in  api>t'ii ranee  occurs  in 
pneumonia^  in  tumor,^,  an*!  Lspfcially  in  i^yphilis.  Soft  caseation 
is  iisnally  rMmgiilatioiv-nccropis  iidvaiict'il  to  liquefaction,  tngctlier 
witli  fatty  mcUiniorjiliosis,  so  that  the  apiiearanccs  arc  thos^  of 
stiit,  creamy  cliecsc.  The  liquctaetiou-neerosis  of  tlic  ecntnil  ner- 
vous sviilem  may  present  similar  a pf»ea ranees. 

Microscopically,  the  tissues  in  caseation  show  no  cells  present- 
ing their  staining-reactions  ;  everyllnng  is  converted  into  debris. 
Arornid  the  afleeted  an^a  is  nsnally  foun*l  a  zone  of  eoagnlatiou,  of 
intiiuimiation,  or  hotli. 


Fig  2es»— l^rge  tubercle  6f  xhv  Iniiir,  .show  i tig  chce»y  uccrogJ*. 

Tis&ncs  that  have  undergone  caseation  may  be  east  off,  reab- 
80rbe*l,  or  encystetl ;  n.*sohition  is  not  passible.  Calcification  is  a 
frequent  termination. 

FAT- NECROSIS. 

This  term  is  now  used  to  designate  a  peculiar  tyjw  of  necrosis 
to  which  the  fatty  tissues  are  subject,  iind  is  distinct  from  ordinary 
fatty  metaniorpbosis.  In  human  brings  it  is  seen  abuost  exelu- 
f^ively  in  the  atKlonicn,  alKlominal  walls,  and  subperitoneal  fat. 
In  nearly  all  instances  it  appears  in  connection  with  paucreatic 
disease — cysts,  tumors,  {»bstruetiou  to  the  duct,  and  the  various 
fonoj*  of  acute  pancreatitis.  In  rare  instances  the  ptmereas  has 
not  seemed  es|iecially  diseased.  In  one  ease  I  ha\"e  seen  of  hypcr- 
tTophic  cirrliosis  of  the  liver  the  omentum  was  affected,  while  the 
{lanerea^s  showed  notliing  liut  a  m*)derate  degree  of  fibrosis. 

Tlie  atfected  areas  arc  white  in  color,  usually  not  larger  than  a 
pea;  they  may  be  st>ft  or  cpiite  gritty,  luflanmiatory  reaction 
may  or  may  not  surmund  them.  On  microscopie  examinati<m 
cry&talss  of  tlic  fatty  acids  may  be  seen  together  with  more  abun- 
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dant  crystals  of  a  ooiubinatioii  of  liaie  with  the  fatty  aeids.  Thij^ 
oomhiimtian,  it  a|)pears,  is  not  a  primary  feature  in  the  necrosis, 
6Ugge-.ti ng  that  the  fatty  acids  are  first  set  free  and  then  uuUe 
with  lime-salt?^.  In  experimental  work  by  Hildehnin<l,  VV'iUianis, 
and  Flexner  it  seeing  to  have  been  sliown  that  tlie  ty|>ical  condi- 
tion may  be  the  result  of  direct  action  af  the  fat-splitting  ferment 
of  tlie  pjiijcreatie  secretion.  It  is  cert;iin»  however,  that  in  sorue 
cases  of  pancn^atic  cysts  containing  sttiaps^in  no  fat-necrosis  has 
occurrech  Iketi-ria  have  been  stip(>osed  by  some  to  be  the  essen- 
tial agents  caijsing  tbe  change,  but  this  has  not  been  demoustrati^d. 

ih  (rideon  Wrils,  after  quite  extensive  experiments  on  animals, 
states  that  fat  necrosis  is  merely  a  special  form  of  necrosis  of  fat 
tissue  dilfering  fmm  tlie  simple  necrosis  chiefly  m  the  sharp  limi- 
tation of  the  affected  area,  nsnally  by  a  wall  of  leukocytes  and 
hiter  by  connective  tissue;  and  the  filling  of  the  necrosed  cells  by 
the  prodnctvS  of  fat  splitting. 

It  seems  to  be  due  to  the  action  of  one  of  the  ferments  of  the 
pant^reatic  juicCj  raoal  probal>ly  lipase  fsteapsin).  As  this  ferment 
cannot  be  isolated  absolute  proof  is  wanting.  It  may  be  that  the 
lifKise  causes  tlie  fat  splitting  after  some  otiier  ingn-dient  of  the 
pancreatic  secretion  lias  injured  the  celL 

Lipase  acting  on  the  fat  rolls  splits  up  their  coutained  fat  into 
glycerine  and  tatty  acids.  Glycerine  diffuses  leaving  beliind  the 
fatty  acids.  Tljc  cells  lieeome  n(^er*>tic  and  (n*entually  the  fatty 
acids  combine  with  calcium  salts  and  are  precipitated  wlnlc  a  ir*av 
growth  of  connective  tissue  encapsulates  the  area  and  diminislies 
its  size. 

Dissemination  of  fat  necrosis  outside  of  the  alnlmuiual  cavity 
has  l>een  observcil  as  early  as  twelve  hours  after  intniivritoui^al 
injection  in  animals,  the  route  of  spreading  being  probably  liy  the 
lymphattcs. 

The  suggestion  made  at  one  time  that  bacteria  might  be  the 
cause  of  fiit  necrosis  has  been  entirely  given  up  at  the  present  time. 

HEMOLYSIS. 

Hemolysis,  or  bhxxl-dest ruction,  is  a  term  lijuitHl  to  the  red 
cells,  and  indicates  destruction  of  the  cell  with  disjK^rsiou  of  its 
hetuoglol>in.  (The  caiLses  and  other  features  are  describt^  under 
Pigmentations  and  Di.sctuses  of  tlie  Blood.) 


OANQRENE. 

Definition,— Gangrene,  furuicrly  defim^l  as  the  death  of  tie 
sue  en  mame^  is  [jerhaps  Ix^st  detiue<l  as  the  putrefaction  of  area 
of  necrosis.     It  may  be  prima n/,  when   a   particular  bacteriui 
produces  a  gangrenous  inflammation  as  its  dirtn't  result,  as  in 
malignant  edema ;  or  secorviary^  when  saprophytic  bacteria  dec«jra- 
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n  area  alroLulv  iircnxseil  froru  utluT  eaii?5es.  It  may  he  dry 
f'^ohfy  according  to  the  hx'ation  and  sui>ply  of  fluids.  It  may 
furthermore  S>e  eircHtiutcribed^  progremve,  or  mdaMatic, 

Primary  gangrene  constitutps  a  specific  aifectionv  or  nUlier  a 
nimiher  of  sixritk:  aHet^tions.  Malignant  edema,  infectious  em- 
physema, and  H^me  farms  of  antli rax  may  he  included  in  this 
gmup.  In  thetS4-^  conditioos  there  i.s  violent  iiifccti%^e  iuflammatioo 
with  practically  immediate  g-angretie  of  the  affeetitl  parts. 

Secondary  ganp'ene  is  niore  common, and  theapiM^araueeaare  verj' 
varied.     The  essential  conrlition  is  putrefaction  of  a  necrosed  area. 

Dry  gangrene  is  usually  tine  to  vascular  disturljanccs.  As  a 
result  of  arterial  obstruction  it  is  seen  in  the  cxtivniities  in  senility, 
and  foHowiu^  arterial  emholism  or  tliitjinljosis  of  whatsoever  nature 
if  the  collateral  circulation  1m*  iiisutticient  to  nourish  the  part. 
Freezing  may  proiluce  a  dry  form  of  gangrene,  the  vessels  Ijeing 
blocked  by  thrombosis.  Ergotism  causes  dry  gimgrene  as  a  rule  ; 
the  same  may  be  stiid  of  IJayiraiaFs  disens*'.  Finally,  dry  gan- 
grene may  result  from  tlie  moist  form  when  pTitreiactioii  is  slow 
and  evaj)^>ration  of  the  tin  ids  oc(^ui>i.  The  putrefiictivc  proc-esses 
in  the  dry  ty[ie  arc  luit  marktd,  and  may  cease  entirely.  Di'v  gan- 
grene is  generally  circuniscrilxHj,  and  tlie  end-result  of  a  tyiiieal 
case  is  mummitieatioiL  The  color  is  usually  dark,  finally  black; 
earlv  it  may  \}e  yellow  nr  Iutjwu  ;  rarely,  the  tissues  are  very  pale. 
There  is  little  toxic  absorption  in  these  cases. 

Moist  gangrene  presents  numerous  varieties.  It  is  mrcly  pro- 
duced by  arterial  ucclusiun,  liut  is  the  usual  result  of  extensive 
venous  occlusitm.  Internal  emboli,  as  in  the  pulmonary  arteries 
or  veiiLs  or  mesenteric  arteries,  not  infrequently  i^iuse  gsingrene  of 
this  form*  It  al.'^>  CM^nirs  in  the  huigs  as  a  result  of  inspirational 
or  other  pneumonias,  abscess,  neoplasms,  Ijronchieetasis,  and  in 
dial)etes.  It  is  seen  as  a  result  of  trauuuitism  and  pressmv  in 
severe  contusions  (t'l-^pxially  with  vascular  injuries),  in  intussus- 
ception and  strangulation  of  the  l>owel  j  as  a  result  of  ttjrsioii  in 
movable  kidneys,  splccnsj  or  tumors.  It  is  frequcait  in  the  ob- 
structed or  strangulated  vermiform  appendix.  Extensive  moist 
gangrene  of  the  extremities  (^r  other  parts  is  not  mre  in  connec- 
tion %vith  dialx^tcs.  The  mucous  membranes  may  become  gan- 
grenoiLs  a.s  a  result  of  various  infections.  A  particular  form  is 
noma  of  the  mouth  and  genitalia.  It  is  seen  its  a  rare  condition 
in  certain  skin-diseases;  an<l  is  not  unusual  in  severe  troplue 
Wtons,  as  decul>itus,  cystitis,  mal   jM.'rfbraut,  etc. 

In  moist  g^ingrtiie  the  consistency  of  the  part  beeomes  progi'es- 
rively  softer.  There  nuiy  Iw  local  or  widespreat!  emphysema. 
The  color  is  usually  tlnrk  brown,  due  to  disorganized  bltHxl-pig- 
nient ;  tlie  skin  commonly  beeomes  black,  and  is  covered  with 
blebs.  j\bout  the  arc^  tliere  may  be  a  zone  of  coagulation-necro- 
9JI  with  vascular  thrombosis  ;  or  a  zone  of  intlanimatory  reaction 
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which  will  prtwhiw  n  line  of  *lemurkatiini.  In  souie  cases^  espe- 
cially the  *luilx'tk%  iieithiT  of  tlwi^^  zcines  is  formed* 

Tho  c<'lls  tirst  iiJUK't'iioilK  Tht.^  t>rotO|iliisni  aiul  mirlei  exhibit 
various  fvicii-nces  of  di  generation ,  tlie  iinch^i  disappearing  and 
the  cells  becoming  txtnvertetl  into  ^^rannlar  detritus,  F*at  und  the 
ni veil n- sheaths  of  nerve-hliei's  iire  n-duced  to  free  fat  and  fatty 
cn^tals.  Tlie  nnisc^Ie-eells  loi?<?  their  striations  and  beeome  frag- 
mented ;  the  axis-eyUndei's  of  nervei^  tibriHate,  Hemorrhages  into 
the  area  are  eomniuii,  due  eitljer  to  ero?^ion  of  vesisi'ls  and  expidtion 
of  their  thnjmbi  by  the  preKsnreof  tlie  bkKxI-eurrent,  or  to  a  genu- 
ine hemorrhagic  eon<btion  the  rcsnlt  of  toxemia,  Conneetive  tissue 
and  elastic  fibers  resist  longer  than  the  cells,  but  finally  become 
liquetieiL  The  affeet^'d  area  contains  crystals  of  pigment,  tatty 
acids^  cholestcrin,  Icucin,  tyrfjsin,  plioisphatcs,  and  carljonates. 
Ammonia,  the  ialty  acids,  itulol  and  skatol,  amins,  sylphiirettcd 
Iiydi'ogen,  carboiuc  acid,  and  other  giises,  usually  of  pronounced 
cnlor,  are  formed »  There  is  more  or  less  toxic  absorption  from 
tliesc  areas* 

Bnt  two  things  can  hnjypcn  to  an  area  of  gangrene  ;  it  may 
|>n:>gress  and  cause  tlic  death  of  the  individnal^or  may  become  cir* 
cumseribed.  In  dry  gangrene  and  in  tlie  vascular  forms  of  moist 
giingrene  limitation  is  the  rule;  the  other  moist  fonns  tend  to  be 
pnigressive.  In  the  «'ircuniseril>ed  fi>rm  a  line  of  dcmnreation  is 
(orined  by  inHammatory  reaction*  and  the  mass  is^  finally  east  off 
as  a  Mphaeelus  or  j^loiigh  if  the  art^a  be  super fieiai,  or  encysted  if 
tlie  ar'ea  be  intcrnaL  The  latter  casc8  may  be  tbilowed  by  real> 
eorptioti  of  the  contents  ami  calcification  of  the  sac. 

GENERAL  PATHOLOGY  OF  CELLULAR  NECROSIS. 

TIr*  cell  a^  aa  individual  element  is  liable  to  pathologic  processes  of 
varioaa  k'uuU  that  tuc^it  brief  cuiisideratiou,  apart  from  definite  fonm  of 
tijwueHle^'etjeratidii  aad  aecrofiis. 

Etiology. ~Tli*i  emise^H  of  cellular  degeneration  and  necrosis  are  numer- 
oui*,  iaclydjiig  inecUanical.  tberiual,  electrical,  chemical,  and  vital  (trophicj 
in  fit*  en  COM  of  various  kinds.  It  is  easy  to  demonstrate  the  influence  of 
some  of  these  caune**  in  the  unicellular  organisms  such  as  amebte,  and  the 
changes  tliUH  produced  may  also  be  seen  under  proper  conditions  in  the 
cellf*  of  the  animal  body, 

Fathalog'lc  Anatomy.— The  cell  as  a  whole  may  show  various  forms  of 
d  Ik  torn  on,  or  in  tern  at  dmnge.  I  nt"  reaped  irritability  and  mobiiitj' of  the 
protoplasm  cause  the  projection  of  psetidopodia,  and  these  may  be  separated 
from  the  boily  of  tiie  cell  as  rounded  particles  mure  or  less  resembling  the 
original  celb  This  is  eiwily  demonstrable  in  red  blood-corpuscles  sub- 
jected to  Jieat.  Hiumetimes  particles  are  discharged  lTf>m  the  cell  and 
varmdation^*  kxpuUion- vacuoles  J  rei^uU.  Certain  influence^  like  cold  and 
mtlaliic  walta  or  other  poisons,  cause  a  reduced  mobility  and  general  con- 
traction r»f  the  cell. 
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ALTERATIONS  IN  CELL  NUCLEI  IN  NECROSIS. 

L     Karyorrhexis. 

H,     Degeneration  of  tlte  Cell  Membrane  (chromatolysis). 
fK     Budding  of  the  Cell  ileoibrane, 
c.     Pvkno^ii!-* 

a.  Degeneration  of  the  cell  meoibrane  is  a  regular  phenomenon 
of  gradual  physiological  eeli  destruction  as  in  the  ovary, 
testis,  epitheiia^  etc.  The  membrane  thickens  (hyper- 
fhromatosii^)  and  shows  clumped  areas. 

b.  In  the  budding  j>rocess  the  nucleus  may  be  small  and  deeply 
and  homogeneously  stained  and  surrounded  bv  small  spheri- 
cal bud- 1  ike  projections  or  there  may  be  very  Iwrge  ciub-like 
projections  which  extend  to  the  piri|diery  of  the  cell  or  even 
outside  the  celL 

c.  The  pykootic  nucleus  is  sraiiller  than  normal,  deeply  Maining 
and  homogeneous  in  charai^ti'r.  Contractinn  of  the  nucleus 
leavei^  a  vacant  z<»ne  abont  it  so  that  it  .*^eemH  to  lie  in  a 
vacuole. 

2.     Karyolysiw. 

The  nucleus  undergoes  a  gradual  jaolulion.but  its  size  and  shape 

may  .still  be  recognized  by  ihe  delimitation  of  the  surrounding 

f}rotnpla>im  even  after  conmhte  holutiim, 
This  in  contriidistinction  to  the  variouf*  types  of  karyorrhexis  is 

essentially  a  postmortem  change  and  occurs  when  dead  cells 

are  still  surrounded  by  tissue  fluids, 

ALTERATIONS  IN  THE  FORM  OF  CELLS  IN  NECROSIS. 

In  a^jM>eiation  with  pyknM>iw  i>f  the  nurleus  the  cells  shrink  and  become 
jagged.  In  condition:*  in  whicJi  there  h  fluid  stirrounding  necrotic  cells, 
the  cells  at  tir^t  swell  and  later  contract.  Varioa.s  irregularities  of  shape 
may  'iccur. 

Among  the  various  forms  of  degencrntive  change  in  the  cell  preceding 
lis  necrosis  are  vacnolizatifjn,  cloudy  ,'^\velling,  and  dropj^ical  degeneration. 
\os^  of  preexisting  granules  or  granulation  of  previously  humogeneou.s  pro- 
toplof^m,  pigmentation,  and  hyaline  and  glycogenic  change.  These  de- 
gt-nerations  may  affect  only  j>art  of  the  cell,  the  Hurrouncfing  protoplasm 
rf^mainintr  healthy.  In  sucli  cases  the  ap]»earance  of  alien  inclusions  is 
given,  and  such  areas  of  degeneratiou  have  frctiuenlly  been  mistaken  for 
animal  parasites.     Rnsseirs  fuchsin  bodies  are  examides  of  this  condition. 

Among  the  changes  ol)*«erved  alterations  in  the  Altmann  granuU>p  which 
oecur  in  many  cells,  are  sign iticant.  These  granules  lirst  become  larger  and 
more  readily  demonstnible,  their  iifRnity  for  acid  anilin  stains  increasing. 

Certain  methods,  .such  as  hardening  in  a  mixture  of  2  per  cent,  osmic 
arid  *M>liition  and  5  per  cent,  potassium  bichromate  solutioiu  staining  in 
hot 20  percent,  anilin-oil  aeid-fuchsin  snhition,  diHbrentiation  with  alcohoh 

Sicric  acid  solution,  are  nect^&sary  to  demonstrate  the  granules.  Jn  the 
egenerated  cell  even  the  fresh  tissue  or  that  hardened  in  alcohol  or 
ionnol  and  stained  with  acid  anilin  suffices. 

Next  the  granules  b«se  their  characteristic  arrangement;  they  partly 
dissolve  and  parti v  aggregate  in  large  spherical  masaes  which  may  ue  ex- 
truded from  the  cells. 

In  the  third  stage  there  is  an  altered  chetnical  composition  evidenced  by 
changed  staining  affinity.  The  granules  without  special  preparation  of  the 
tissue  may  be  stained  with  Weigert'B  fibrin  methipd  or  they  may  lose  their 
iCaining  capacity  or  in  the  third  place  acidophilic  granules  may  become 
baiiophilic  or  the  reverse. 
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ALTERED  KARY0K1NES15  IN  NECROTIC  CELLS. 

1.  The  chromosomes  may  become  notably  thickened  especially  in  cases 

in  which  injuries  are  inflicted  on  cells  already  dividing. 

2.  Granular  fragmentation  and  alteration  of  staining  reaction  of  the 

chromosomes.  The  cell  itself  may  be  vacuolated.  The  nuclear 
fragments  become  acidophilic. 

3.  Hypochromatic  Mitosis.    The  number  of  chromosomes  may  be  re- 

duced to  6  or  8  or  to  an  uneven  number  as  7  or  5.  Such  changes 
are  seen  in  rapidly  growing  malignant  tumors  and  in  rapidly  re- 
generating tissue  acted  upon  by  destructive  agencies. 

4.  Broken  Chromosomes.     Parts  of  chromosomes  broken  off  from  the 

main  body  are  scattered  about  in  the  cell  outside  the  nuclear 
spindle.  The  process  seems  to  be  one  essentially  affecting  the 
achromatic  spindle.  Thickening,  clumping  and  oxyphilic  change 
of  the  chromosomes  are  associated  conditions. 
S:?uoh  changes  have  been  found  in  cells  unfavorably  influenced  after 
division  was  underway. 

5.  Asymmetric  Mitosis.     The   daughter  stars   may  have   an   unequal 

number  of  chromosomes  and  thus  be  of  unequal  size. 

This  has  been  found  in  carcinomata,  sarcomata,  adenomata  and  re- 
generation of  the  epidermis. 
G.      Uy perch romatic  and  Multiple  ^litosis. 

The  number  of  chromosomes  may  be  excessive  and  there  may  be 
pluripolar  mitosis  the  number  of  centrosomes  and  corresponding 
spindles  being  4-G,  8  and  even  20. 

POST-MORTEM  ALTERATIONS. 

Certain  changes  take  place  after  death  which  may  suggest  in  their 
appearances  ante-mortem  disease.  It  is  therefore  necessary  to  recognize 
Uu»se  in  post-mortem  examinations.  The  most  striking  change  is  the 
rigidity  or  rigor  morti$,  which  is  due  to  a  coagulation  of  the  muscle-albu- 
min or  myosin.  This  occurs  at  different  intervals,  according  to  the  cause 
and  nature  of  death.  Sometimes,  as  in  deaths  after  electrical  discharges, 
it  occurs  almost  instantaneously ;  more  commonly  its  beginning  is  delayed  for 
some  ht)urs.  Alter  twenty-four  or  forty-eight  hours  the  rigidity  disappears. 
Occasionally  irregular  post-mortem  contractions  of  the  muscles  take  place, 
and  distortions  or  oven  movements  are  thus  produced. 

Oirculatory  Phenomena.— As  is  noted  elsewhere  (see  Congestion)  the 
blocHl-vt»ssels,  ospiHMally  the  arteries,  contract  after  death,  and  drive  the  blood 
into  the  capillaries  and  veins.  It  is  then  more  or  less  free  to  sink  to 
dependent  parts  through  the  influence  of  gravity,  and  in  consequence  the 
lower  j>arts  of  the  orgjins  and  of  the  body  in  general  are  congested.  This 
is  particularly  nuirktHi  in  the  luns^,  but  occurs  in  practically  all  organs. 
The  bUuKl  may  remain  entirely  within  the  blood-vessels,  but  not  rarely  the 
i*oloring-matter  ditl\isi»s  it^iolf'  through  the  tissues  and  causes  pigmented 
areas  {Jintre*  mortu)  that  may  s\»gfft»st  ante-mortem  bruises. 

The  bhxHl  in  the  heart  and  other  vessels  tends  to  coa^late,  though  in 
aome  oase^  this  is  long  dolayeti  and  remains  imperfect.  Usually  dark  red 
clots  are  found  in  the  cavities  of  the  heart  and  in  the  large  vessels.  Yel- 
lowish fibrinous  clots  an^  loss  likely  to  bo  post-mort«m,  but  more  often  occur 
in  OAsi^  in  which  death  hjis  taken  a  lingering  form. 

Po6t-moTtem  Degeneration  of  Tissues.— Some  time  after  death  the  tis- 
sues may  lKHn>mo  niaooratiHi  and  putrefactive  changes  may  occur.  To  a 
Ur^  extent  thost^  are  duo  to  invasion  of  micro- organ bma.  It  has  been 
found  that  during  the  terminal  stages  of  disease  various  forma  of  infection 
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f?<»pecially  microcoecic)  oceiir.  This  ttnninai  Infectimi  is  oft  en  tlie  im- 
mediate cause  of  fleath,  and  it  is  alao  concerned  in  the  post-morteni  chaDge 
in  the  tissues,  HisLoltigically,  a  striking  peruliiirity  of  such  post-mortem 
change  is  the  absence  of  evideiues  of  reaction  (cellular  infiltration  and 
proliferation)^  such  as  characterize  the  response  of  living  tissues  to  irri- 
t&tioQ, 

Post-mortem  softening  of  the  mucous  membranes  may  be  due  to  the 
action  of  the  secretions.  This  is  especially  marked  in  tiie  tttomacli,  where 
it  is  common  to  observe  a  macerated  condition  of  the  mucosa  of  the  pos- 
terior wall  In  this  case  the  gastric  juice  \a  the  direct  cause  of  the  altera- 
tion in  the  mucous  membrane.  , 


CHAPTER   V. 
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INFLAMMATION. 

Definition^ — InfliimmatioQ  is  a  oi>nihinatioii  of"  puthcdijgic 
procefis<?s  representing  the  reaetiaii  of  the  ti.sHues  to  various  fnrms 
of  irritation  ;  it  is  t'hararteri^iHl  by  liypej-envia,  ext^eKsive  t^nuj^ratifni 
of  IeMkm;yte.s  ironi  tlie  Idootl-vessels,  exudation  <»f  more  f»r  less 
alti^rtMl  biood-piasrna  and  seooiidarily  and  less  c.s>fentially  hy  ropn>- 
duetive  cellular  processes  and  l>y  flegenerative  changes  in  the 
afiet'tetl  tissues. 

The  relative  significance  of  these  processes  will  be  more  clearly 
appreciated  when  the  plicnonicna  of  itdlannnation  are  separately 
describei!. 

No  one  of  these  conditions  alone  cou»tit«tes  infIammatio?t  though  exce»- 
wve  leukocytic  eJui^Tation  is  pcrhupH  more  nearly  re|iresentative  of  the 
essence  of  the  condition  than  any  other  of  tlu'  processes  niimid.  Kveii  thi;* 
is  a  quantitative  rather  tban  t|iialitative  criterion  i^ince  the  leukocytcH 
traverse  the  wall^  of  the  blood-vessels  and  infiltrate  tlic  tiHsuew  in  health  :ind 
more  decidedly  in  s^omevvhat  abnormal  lojiditions  t^uch  u.s  when  blood 
pressure  is  excejssive  or  liyi^ue  tone  i«  dfpresrstd.  The  pecuHarity  of  infltiui- 
matory  emigration  of  leukocytes  is  its  excessive  decree.  Exudation  of 
p1a»ma  likewise  U  a  normal  process  and  is  excessive  m  various  conditions 
which  occasion  dropsy  ;  hut  the  chtiructcr  of  inflannnatory  exudation  of 
plasma  ditier;!  somewhat  from  the  normal  or  dropsieaL  The  reproductive 
or  proliferative  celluiar  changes  of  inflammation  differ  but  little  from  thi»i*e 
of  regeneration,  and  indeed,  it  is  diflicult  to  determine  in  how  far  these 
processes  belong  titrietly  to  inflammation  rather  than  to  a  secondary  re- 
generation occjisioned  by  the  intlainmalory  destruction  of  tissue.  Finally 
tJie  degenerative  chanjres  of  inlhouniation  diilbr  in  no  ess^ential  particular 
from  degenerations  unattended  with  infljinuuation  iind  are  distinctive  mainly 
on  account  of  their  close  association  with  the  other  proceiwes  that  together 
cooHtitute  the  whole  picture. 

ffuloricfil. — The  earliest  conception  of  inflammation  was  that  of  a 
8peci5c  entity.  Hubsecjuently  various  theorits  were  oflbred  in  explanation 
of  the  aeveral  phenomena  or  ^ymptiims.     First,  the  blood-vessels  were  sup- 


108 


TEXTBOOK  OF  PATHOLOGY, 


po*ed  to  be  inflneiiced  tbrAugh  the  nervous  system  (vofcuiar  theorir^), 
S^eit,  it  was  taogrht  tliflt  the  inflammatory  irritant  exciter  proliferative 
chsDges  in  the  tiwfue»  (thiit%  giving  ri^e  to  round  cells),  and  that  this  stimu- 
lation of  the  cellular  activity  invites  more  blood  to  the  part  (hence  the 
InrperemiaL  This  was  the  rffiular  and  attmrti/m  theory  of  Virchow. 
Otoer*!  notably  Cohnheim,  deatcrtbed  the  emigration  of  letUtocytes  from  the 
blood*Tessels,  and  beld  this  to  be  the  essential  feature  of  infljimmation. 
Tbifl  emigration  was  first  de^ribed  by  Dutrocbet  (1824),  Waller  (1842),  and 
Strieker;  but  Cohnheim  was  the  first  to  system  a  tize  the  emigratum  theory. 
According  to  Virchow,  the  first  stt^p  is  a  formative  stimulation  of  the  cell> ; 
according  to  Cohnheim,  defeneration  of  the  vessels  leading  to  emigration ; 
according  to  Weigert^  at  least  in  many  ca-se??,  the  first  step  is  necrosis  of  the 
p&renchynuXous  cells.  At  the  present  day  inflammation  is  generally  re- 
garded as  purely  reactive  in  nature,  the  irriuition  causing  sometimes  one 
And  aometimes  another  primary  lesion. 

Galen  and  his  followers  defined  inflammation  by  giving  the 
cardinal  symptoms;  heiit  (cfihr\  redness  {ntbor\  pain  {doIor\  and 
swelling  (tumot).  To  thei^e  may  be  added  altered  function  \Jtnidio 
lasa). 

Phenomena  of  Inflammation  in  Vascular  Tissues*— 
These  raav  Ik'  \v»'li  strvdir>d  in  tlR"  mesentery  or  tongue  of  a  frog. 


Fw.  27p-*Ioflamtniitioii  c»f  tho  ni<?i»enterv.  showing  overfilling  of  the  bloofl-vcwelt,  With 
©niigitttlon  of  louktjoyu^  and  diA[>ecleais  of  red  corpuaclea  (Zieglerj. 

Whrn  the  mesentery  is  exposed  and  spread  under  a  microscope 

and  a  loealizi^l  nrca  injured,  tlie  tirst  visible  effect  is  a  very  tempo- 1 
rary  eoutrafticin  «>f  the  arteries,  whieli  may  4lisai)pear  before  the  ex-  ' 
ittnination  ean  be  made.  It  is  followed  by  (blatatkm  of  the  artrries, 
and  then  uf  tla^  eapilhiries  and  veins.  The  tis.sne  heeomesdistinetly 
more  vascular  thnn  normal  as  eapillaries  in  which  there  had  been 
only  plasma  or  a  fvw  eorpuseles  become  distended  with  lilood  and 
thendbre  more  visible.  The  bloml-eiirrent  is  first  more  rapid  than 
normal,  tlien  slower,  and  may  finally  stoj)  entirely  (stasis),  espe- 
ehilly  in  the  c-apillarief?  and  veins  in  the  center  of  the  inflamed  area. 
Notable  ehangen  are  seen  in  the  eireulating  eorpnscles.  It  will  be 
recalled  tliat  under  normal  conditions  the  corpuscles  circulate   in 
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the  middle*  of  the  va^ciilur  .stn^aiu,  Icaviiii^  a  ekar  plasinatie  zone 
a<lja(TUt  to  tho  vcssol-vvall  ;  in  this  zunv  iiiuy  l>e  ^^vvn  \vukuv\ivA 
travel liug sinnewhitt  tnore shm  W  tliaii  tlie central  eurpiiscnlar strmm, 
A^  the  current  l)ecM>nies  fehnver  the  leukLKiytes  in  the  pla.sniatie  zon<3 
increase  in  ntunberaml  stick  U*  the  vessel-walU  in  a  continuous  row. 
In  theoiinillaries  cinnip.s  of  leukocytes  frerjnently  alternate  witli 
masst*3  ot  ri^l  cnrpu>eh  s,  or  i>f  red  and  wlntc  c<u'jiiiseh\s  in  their 
customary  uroportinii,  Xext,  it  may  be  ohsc  rved  thatthe  leukocytes 
are  passing  through  the  wallsof  the  capillaries  and  veins  and  ifpread- 
ing  in  the  ontsitle  tissues.  8orue  of  these  may  enter  the  lymph- 
channels  and  thus  return  tn  the  cirenlntion  ;  others  sutter  degener- 
atioa  ami  destruction  hM-ally.  At  tlie  same  timea  certitin  number 
of  retl  corpusch^s  pass  through  the  capiHary  walls,  and  altered 
plasma  escapes  ami  inliltmtes  the  tissues.  In  the  connective 
tissues  ontside  the  vessels  proli!erati%'e  changes  take  phire,  and 
the  nnmenms  lymph-chanmdH  of  the  surrounding  tissues  are  filled 
with  round  cells — partly  uew-formetl  eonneetive-t issue  cells  and 
partly  emigrated  leukocytes.  In  structures  in  which  there  are 
parenchyinatous  (andiililastic)  cells  the  latter  niulergii  various  de- 
^*neniti\^e  changes,  such  as  r-|(JUily  swelling,  edenuij  nnir-ous  de- 
g^nieratifin,  fatty  degeneratiou,  or  even  necrosis.  Less  frequently 
prolifcmtion  of  the  pareuchymatons  cells  takes  ]>lace. 

Every  ease  of  inflanunation  does  not  prescjit  all  these  phe- 
nomena, nor  is  the  snbst^fpieut  fate  of  tlH>  exudate  and  altered  cells 
always  the  same. 

Phenomena  of  Inflammation  in  Avascular  Tissues,— 
Sora  e  o  f  t  h  e  pr  oeosses  o  f  i  n  fl  a  m  ma  I  i  o  n  have  1  >ee  n  bes  t  e  1  u  c  i  d  a  ted  1  jy 
experimental  inflaniniation  of  the  c^rrnea.  It  will  V>e  recalled  that 
tliis  stmcture  is  e€m|X)sed  of  layers  of  parallel  fibers,  the  direction  of 
the  fillers  in  one  layer  being  at  angles  to  tl*at  of  the  filjcrs  of  ad- 
jacent layers.  Ana^^tomosing  Ipniph-channels  occupy  the  spaces 
between  the  fibers  and  layers,  Init  tliere  arc  no  l>loiHl-vessels.  A 
very  slight  injury  of  the  cornea  mav  l)e  il^llowi-d  by  no  other  re- 
sult than  slight  swelling  td'  the  corneal  corpuscles  arouml  the  |>oint 
of  injury,  and  subsecpu^ntly  multiplication  of  these  cells  to  repair 
the  tlaraage.  This  slight  change  cannot  be  readily  deuuinstmted. 
Usuiilly  there  is  si*en  around  the  injured  s]>ot  a  hazy  j^one  which  is 
com|»sed  of  masses  of  leukocytes  that  litivc  liecn  ntt meted  to  the 
center  of  irritation.  Tiiese  escape  from  tln^  hvpcremic  conjuuetival 
vessels  at  the  peripherv  of  the  cornea.  The  alteration  (clilatatinn, 
dc^j^ieration  of  the  walls)  of  these  vessels  may  be  due  in  ]iart  to 
Wfflex  nervous  influenees  and  in  part  to  the  direct  action  of  toxic 
Ifubatances  generated  at  the  site  of  the  primary  corneal  injury  and 
diffu^kni  to  tiie  surrounding  tissues. 

The  corneal  corpuscles  themselves  swells  undergo  nuclear  di- 
rUion  and  to  some  extent  become  free  (phagocytic)  cells.  In  more 
iij  tense  grades  of  in  Ham  mat  ion  the  local  degeneration  of  the  corneal 
ei»rpusjcles  causes  a  visible  defeet  (erosion,  ulcer),  and  the  surround- 
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iiig  zone  of  leukocytic  invasion  ia  proiinoncod.  In  cases  of  nutrked 
corneal  inrtammation  newl>lood-ves^iplsare  formed  attlie  sides  ^f  the 
cornea,  ninl  piislie<l  into  it-^  previously  avascular  striu-ture  ;  ihi"  plie- 
noineiiM,  then  are  practically  the  game  us  th*>se  fonml  in  inflani- 
mat  ion  of  vascular  tissues. 

Id  the  ease  of  iuflainniation  of  the  heart-valves  no  nngnition 
of  leukocytes  to  the  diseased  focus  tK*ciirs,  The  cn*lothelial  celb 
at  the  point  of  injury  (near  the  I'ree  edge  of  the  valve)  sw('ll  and 
j>res(*nt  uurlrar  division  ainl  also  more  or  lessch^generative  clian|j^e  ; 
tlie  tissues  al  the  base  of  the  leaflets  becotne  hypenemic  and  some 
emignition  of  Irukoeytes  occurs  in  this  s^ituatioii.  Thus  as  in  the 
case  of  the  cornea  cellular  destruction  and  j^roHferation  occurs  at 
one  place  (the  point  of  injury)  while  tlie  vascular  plienoriR'na  and 
emigmtion  of  leukm^ytes  are  found  at  scmic  distance.  In  hcfth 
cases  there  may  eveninally  bt*  an  ingrowth  of  loops  of  capillary 
lilo(Ml-vcssrIs  fiT*m  tlie  vascular  periphery  into  the  avascular 
structure  au<l  tht'U  hnal  emigmtion  of  leukocytes  from  these 
capillaries  may  take  place. 

The  phenomena  nn\>i  mwx  be  separately  considered. 

1.  CliaBges  in  the  Vessels* — The  tirst  etfcct  of  irritation  may  be 
momentary  eoutraetiou  of  the  arteries  ;  but  this  is  rarely  ol»served. 
Usually  tlie  artmes  dilate  at  once»  and  dilatation  of  the  eapiilaries 
and  veins  |  >r oin  p  1 1  v  f o  1 1  o ws .  T  h  e  ca  u  se  o  f  t  h  i  s  d  1 1  a  t  a  t  i  o n  was  fo r- 
nierly  hu-ated  in  the  nervous  system  aud  undoubtedly  nervous  in- 
flneneesdo  play  a  part  in  some  cases  at  least,  but  the  more  imjwirtant 
cause  is  prol>al>ly  some  defjenenition  of  the  vessel -walls.  The 
mieroscopi'  does  not  nveal  this,  but  some  of  the  pheuomeua  con- 
nected with  exudation  and  thr  cireulatirm  of  the  blood  show  that 
the  cause  nmst  be  in  the  ycsm'I- walls.  There  ai"e  certain  visible 
chanties  in  the  vessels,  such  as  swelling  of  the  cndf*thelial  cells 
aud  increase  of  the  intercellular  substance,  and  some  nndoulited 
though  iuvisilde  (^hangcs,  such  as  inereasetl  adhesiveness  of  the 
endotbclial  cells.  The  last-nuiitioued  eondition  and  the  swelling 
of  the  endothelial  cells  wtiieh  thus  eneroach  u]M>n  the  hnnen  of  the 
vessels  are  conditions  that  together  witli  thcililatation  of  the  blood- 
vessels occasion  slowing  of  t!ie  blood-current  ami  adhesion  of  the 
leukocytes  to  the  vessel- wall 

In  the  later  stages  of  inflammation  karyokinetie  changes  and 
consequent  multiplication  of  the  endothebul  cells  of  the  capillaries 
are  fjbscrvcd.  The  new-iornu d  eurh^Iielial  cells  are  ytiii;^ed  in 
the  proflnetiou  of  new  bbMid-vessels  (see  (Jranuhitieai  Tissue). 

Infiutnce  of  the  NervoHM  System, — It  ia  likely  that  the  nervfius  system 
throiiiih  iti*  vaj5omo(:nr  meclianii'm  plays  sin  imjiertant  rok  hoth  centrally 
aiul  peripherally  in  the  vascalar  ami  exud*'itive  phenomena  of  inflainaiation. 
Dilatation  of  the  veswels  may  be  favf)red  by  weaknes;*  of  the  constrictors  or 
^stimulation  of  the  dilators.  This  is  illustrated  by  the  severe  inflammationg 
jesultinfT  from  trivial  rauses  in  paralytic  partes  and  by  the  occurrence  of 
sympathetic  inlianmiation  in  one  oyefolhiwing  disease  of  the  other.  In  the 
latter  instance  the  trophic  neives  are  aUo  concerned. 
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2.  Exadatian.^ — ^As  the  blood-ourrent  grows  dont^r  the  leu- 
k  kocytes  in  the  plasmatic  jtane  of  the  blood^-HTvaru  increase  in  lumi- 
'  erand  cling  to  the  wall  of  the  vessel.  Thb  is  juirtly  a  nitvhaiii- 
<?al  result  of  the  slower  rate  of  the  bhxKl-current,  :uul  imrtly  tilt 
result  of  the  adhesiveness  of  the  vesj^el-walls  and  projtvtum  of  th« 
endothelial  eelU.  Possiblj  the  attmctive  (chemotaeiie)  infliirm:^ 
of  the  agents  causing  the  inflammation  may  play  some  part  hy 
*lniwing  the  leukcK'Vtes  to  the  walls  of  the  vessels  (see  l>elow), 
FiiKi!K\  the  leukocyte:*  piiss  throu^li  the  vessel-walls  between  the 
I'fidothelial  cells  and  collect  on  the  outside  of  the  blcHxl- vessel, 
whence  they  more  slowly  miirnite  through  the  ti>^iie  (Fig.  27), 
The  passage  of  the  leiikoc_\^es  through  tlie  vessel- wall  can  be 
jtudie^l  in  the  mesentery  of  the  fnig.  At  lirsl  a  bud-like  pnv- 
jecti»»n  pushes  itself  tliroagli  the  wall  between  th**  i^udotlielial  cells, 
llifn  ruore  and  more  of  the  corpuscle  follows  till  the  wlmh*  crll  hjis 
eseape<L  When  outside  the  blond- vessel  thr  cn-ll  creeps  thniuj^h 
the  tissues  in  the  intercellular  spaces,  often  eluULTJttiug  itself  in 
narrow  places  to  a  line:ir  turrn  and  again  swelling  to  its  nonnal 
rounded  form  where  tlaid  exudate  has  wuiened  the  spaces. 
This  emigration  of  leuk<xwtes  occui's  to  a  slight  extent  normally, 
but  is  abnormal  iu  degree  in  iuflauiTuatiun.  (ohniieirn  ascrilnHJ  it 
to  disease  of  the  vessels — increased  jirnricability— the  l<'uk<ieyt<*s 
hcin^  piirelv  passive.  Later  obsorvation  in4licates  (hat  llie  c4iict' 
rdif  in  this  excessive  emignitiou  must  be  assigned  to  the  stimu- 
late<{  ameboid  mfivements  of  the  leukocytes.  Degeneration  nf 
the  vessel-walls,  espirially  swell itjg  and  softening  of  tlir  ceuji^ut- 
suhstanee  between  the  end<»th*'li:d  ci^Ils,  and  thc^  pn*ssnrc  fif  the 
hlrKwl,  aid;  hut  onlv  to  a  minor  extent.  The  cauH:  of  this  aftive 
amcbiiid  moti<ui  and  tendency  to  emignition  lias  recivutly  ht-fU 
found  to  be  an  attractive  forc^e  peculiar  to  tlie  causes  of  inflam- 
mation. Stahb  iinil  later  PfefTer,  found  that  certain  sub«taneeH 
exert  an  attractive  or  repellent  force  upon  h>w  forms  of  vegetal>le 
and  animal  life,  u|Mjn  spores  of  jdants,  and  upon  harteria.  To 
this  force  the  name  (*hemotHXtH  has  been  given,  and  the  terms  ptt^i^ 
Hrf  an<l  mgatite  eheniotojris  are  used  to  dehignate  the  attnu'tion 
anil  the  repulsion  respectively*  Positive  c  he  mo  taxis  is  an  un- 
doitbl«d  and  aatisfectorily  demonstrated  force.  The  irritiiiit  »ub- 
I  stance?  which  directly  cau«*e  inflammation  are  positively  clicmo- 
flBc?fic*  in  action  ;  and  in  eases  in  which  mechanical  injury  cjiuh*** 
n,  such  suWtances  first  result  from  UM^elmnical  ilr^truc- 
1  -  and  then  incite  the  subs4*fpjeut  phenouiena  of  iriflafn- 

imutKtn.  The  letikorytei^  that  emigrate  unuer  the  influence  of  a 
eh#*motactic  Ji::r*nt  ar**  alm<ist  exclusively  the  pfdvmoqihonuclear 
ffirms,  and  thesr-  con«tttnt4}  tlie  majority  of  the  cefls  of  an  inAam- 
[>rr  extid  *         slier  stages.     Tliey  are  not,  howet'cr^  the 

IT  form-  -   found   in  an  inHammatf*r\'  area.     Frc-- 

utlv  •  i4#iup|iciar  are  the  iMr^iuophiles.     Sometime*  ihtsu* 

i  arv-  mlanl  tn  the  tnflanie<i  \nirt.     In  somewliat  later 
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gtag"C*s  lymplinoytes  are  tonncK     In  purt  lliose  doubtless  emigrate 
from  the  bluod- vessels,  but  the  greiiter  nutiil>er  is  derived  fVuin  the 

lyiHiih-clmiinels  ami  regiuiial 
lynii>himl  eolleetioiLs  for  ^iioh 
eiilltH'tiVm^are  exeeetlingly  wiile 
spread  throughout  varit»iis  tiss- 
ues and  (►rgaiis.  The  lympho- 
cytes are  jiroiie  to  oeeiir  in 
groups  wlneii  has  led  some 
atithorities  to  attrifnite  their 
presence  to  hyjn  rplasia  of  ex- 
isting lymphoid  enlleetinns  and 
to  some  extent  to  the  altraetiou 
exerted  on  t!ie  lymphoid  eel  Is 
of  the  Meigld>oring  lymph  spaces 
towanl  t!ie  existing  lymphoid 
e<Jh-'(*tiuiis  in  tlie  at! rioted  art^a* 
Ptasnia-L'<  lis  and  mast -eel  Is  are 
alsc*  iountl^  but  as  thesignitieaiiee 
of  these  is  still  doulKfnl,  sepa- 
rate reference  will  be  made  to 
them  below.  The  plasma  cell 
nndonl>te(lly  plays  an  important 
rufv  in  some  eases,  as  the  iidlam- 
mat^iry  exudate  may  consist  al- 
most wholly  of  this  ty]>e  of  eelL 
The  leukoeytes  are  highly 
useful  factors  in  the  defense  of 
tlie  orgsinism  agjdnst  the  aetion 
of  irritants.  In  the  inttam- 
matory  area,  the  polymorphonu- 
clear cells  are  ai^tively  phago- 
cytk%  taking  up  bacteria  ^  if  these 
are  not  loi>  highly  virulent,  and 
carrying  them  out  of  the  dis- 
eased area.  In  like  manner 
various  kinds  of  d6bris  are 
rcmoveiL  If  the  bacteria  are  sufficiently  virulent^  the  leu- 
kcxiytes  may  be  rapidly  destroyed,  hut  in  their  disintegration  may 
Sit  fn*e  milulde  substances  capable  of  destroying  the  bacteria.  The 
part  of  tlie  eosinophiies  is  not  that  of  phagocytes,  but  rather  of 
**ren'tintc  ^'ellw  that  fhrow^  nut  substances  of  l>acteriolytic  character. 
Thr*  h'tikoeytes  arc  of  secondary  importance  in  the  pluigocytosis  of 
inrtammation  uwing  largely  to  their  early  ilisappcarance  and  dcstriic- 
lion.  Of  far  jnore  signiHeanee  in  this  relation  arc  tiie  swollen  and 
[»roliferut<Hl  eonnective-tissue  cells  and  the  end<4helial  cells.  In 
elironie  inthimujations,  particularly  those  due  U\  the  presence  of 
fori*ign  bodies,  giant  cells  are  found  and  are  essentially  phagocytic. 


Fio.  2fi,— Arote  Rppendfdtts.  with  ertea- 
ilve  Fuund-oeU  In  Hit  ration  of  all  of  the  co«ti 
of  Uj«  «pppn4lx. 
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The  micmscopic  appeiiraiicc  of  the  tissues  after  eniiji^ratinn  of 
the  leukocytes  is  eliaraeteristtc.  Tlie  capilJarios  aro  dilated  aud 
obseuretl  by  a  mantle  of  exuded  white  eorpu^eles,  and  the  tissue 
amurid  ia  lull  It  rated  with  uiigratory  leukoeytes.  The  siib>^eqiient 
distribution  wixd  a{>pearauei'  of  the  h  iikoeytes  ilepeuds  very  umeh 
upon  the  charaeter  of  the  iuflanimatinn  and  of  tiie  ti-^sues  in  which 
it  rx'cnrs.  Tlje  leiikoeyt<>s  en^^-p  through  the  intereellular  and 
iutertibrillar  spaees  and  iwax  be  ehiuirated  to  linear  figuren  or  they 
nmy^  in  looser  tissues  or  when  tliere  is  abunilauce  t>i"  liquid  ex- 
udate distending  the  tissue  spaees,  oeeur  iu  their  normal  form 
aud  in  chistere<l  masses. 

Plasftia'Celh. — The  cell  det^cribed  under  this  tenu  by  U una  is  a  nmall  cell 
whose  protoplasm  staia;*  a  violetrblue  with  methvlene-blae.  There  are  im 
distinct  granules,  thou^^h  sometime?*  the  protoptasm  iii  slightly  jjcranular 
The  nucleus  ia  u.suully  ecceatrieally  phiced  and  ^^urnm tided  by  dart  masses 
of  chromatin.  The  cell  varies  In  size  from  tliat  of  the  nniall  lymiihocyte  to 
that  of  the  lar^e  mononuclear  leukocyte,  Karyokinesi?*  has  been  ou»erved  in 
a  few  ca**es.  The  plasma-cell  is  probably  an  altered  lyuipliocyte  which  has 
escaped  from  the  blood-vessels.  Some  hold  that  it  is  a  form  of  connective- 
tissue  cell  and  that  it  is  concerned  in  regeneration  of  Ci>nneetive  tissue* 
This  ii  unproved  and  unlikely.  The  plasma-cell  h  found  in  inHammat^iry 
exudates  of  all  sorts  and  in  the  le.^ions  of  the  specific  infectious  di'^eases-^ 
tuberculosis,  lepnMy,  syphilis,  etc. 

The  plasma-cell  of  WaUlcyer  is  diflerent  from  that  above  described.  It 
is  identical  with  the  mast-cell  of  Ehrlich.  This  is  a  cell  containing  large 
basophih'c  g^raiiules.  (Bee  Diseases  of  the  liloodf.  It  occurs  in  intlaninia- 
tory  proeesses  of  a  chrimic  character  and  in  varions  tuaiora  and  degenera- 
tive k'sions.     Its  aignilicance  and  nature  are  uueertain. 

Fide  of  fhtiLtmkocytm, — In  onlinary(non-purnlent)  iufluniniationa 
the  leukocytes  (p(dyniorphouiielear)  soon  disappear,  in  part  l^y 
eraiirration  to  the  snrronndinir  lyinjdiatie  vessels  aud  in  part  by 
their  rapiil  destruction.  The  latter  proiM^ss  is  one  of  fatty  defener- 
ation, nuclear  fraguientation  and  total  rrll-neerosis.  In  the  later 
stage*^  lyraphoeytes  and  round  or  variously  shaped  new  eonneetive- 
tissue  cells  are  the  main  eonstituents  of  the  ijiflanimatejry  tissue, 
the  j^Kjlymorphonnelear  leukocytes  beino;  eonipnmtively  scarce. 

Exndntion  nf  Lnptiflx. — Coineidcntally  with  leukoeytie  einisrra- 
tion  there  is  exudation  of  more  av  less  altered  blotwl-plasnia*  The 
amount  of  lit|ui4l  exndatioji  and  the  eharaeter  of  the  exudation 
vary  with  the  nature  and  eonilitioii  of  the  tissue  afteeted  and  the 
character  of  I  he  irritant.  In  loose  cellular  tissues  and  in  inHarn- 
mations  of  niornlmmcs  linintc  cavities  larjjfe  quantities  of  liquid  are 
piuired  out  of  the  vessels,  while  the  reverse  is  seen  in  denser  parts, 
Sime  intense  irritants  oeeasion  free  exudation,  while  others,  bv 
their  very  ititeusity  or  peetdiar  eharaetcrs,  at  once  destroy  the  tis- 
sues^ and  exudation  is  comparatively  sli^lit* 

The  exudate  is  rictier  iu  albumin  aud  more  eougulable  than 
drnpsical  fluid,  which  is  a  furtlier  iiulieatitui  that  the  blood-vessels 
are  more  permeable  in  iotlamtnation  ihau  iu  health  or  mere  con- 
gestion.     It  is  probable,  moreover,  that  the  capillary  walls  act  in  a 


114  TEXTBOOK  OF  PATHOLOGY. 

secretory  mauner,  as  do  the  walls  of  the  lymphatic  channels.  This 
would  in  some  measure  explain  the  diiference  between  inflamma- 
tory exudate  and  dropsical  liquids.  The  accumulation  of  exudate 
in  the  tissue  may  l)e  so  abundant  that  the  term  inflavwiatory  adema 
is  justified.  In  such  cases  as  in  all  inflammations,  to  a  less  ex- 
tent, the  cause  of  the  retention  of  liquid  in  the  inflammator}'  area 
is  a  reduction  of  tissue-tone  or  elasticity  which  prevents  the  move- 
ment of  the  fluid  toward  the  efferent  lymph-channels. 

After  its  exudation  the  fluid  exudate  may  undergo  coagulation 
with  formation  of  fibrin  and  consequent  solidification  of  the  in- 
flamed area.  When  inflammations  effect  mucous  membranes  there 
may  be  admixture  of  mucus  which  materially  alters  the  exudate. 

The  exudate  plays  an  important  rdle  in  inflammation.  It 
serves  as  a  diluent  of  noxious  bodies,  and  brings  from  the  blood 
substances  that  destroy  the  irritants,  or  takes  into  its  solution 
similar  substances  from  the  secretions  of  leukocytes  or  from  the 
products  of  their  degeneration.  Occasionally  it  has  the  unfavor- 
able action  of  c»arrying  away  and  thus  spreading  thn)ughout  the 
system  the  toxic  causes  or  j)roducts  of  the  inflammation.  In  the 
case  of  fibrinous  inflammation,  the  fibrin  serves  to  strengthen 
the  limiting  wall  by  which  an  inflamed  area  is  surrounded.  The 
highly  nutritious  character  of  the  liquid  is  doubtless  of  importance 
in  the  proliferative  processes  that  are  presently  to  be  described. 

DlapedeHia  of  Red  CorpuscfcH, — Finally,  a  certain  number  of 
red  corpuscles  escape  from  the  capillaries  by  diapedesis.  This  is 
a  purely  passive  process  so  far  as  the  red  corpuscles  are  concerned, 
being  due  to  pressure  of  the  blood.  It  is  particularly  marked 
when  stasis  and  consequent  intra-vascular  thrombosis  has  occurred. 
In  very  intense  inflammation  accidental  hemorrhage  by  rhexis  may 
add  to  the  blood  in  an  exudate. 

3.  Proliferative  Changes. — Sooner  or  later  in  an  inflamed  area, 
and  especially  at  the  peripluTy,  there  are  evidences  of  cellular 
proliferation  which  occasions  the  appearance  in  the  tissue  of  round 
cells  closely  resembling  lymphocytes  or  mononuclear  leukocytes. 
They  differ,  however,  in  beinir  somewhat  larger,  in  having  a  larger 
and  paler  nucleus,  which  is  round  or  oval,  and  in  their  frequently 
exhibiting  evidences  of  karyokinesis.  These  cells  are  direct  de- 
rivatives of  the  fixed  connective-tissue  cells  and  of  endothelial 
lining  lymph  spaces.  The  parent  cells  first  undergo  enlargement 
by  swelling  of  their  protoplasm,  then  mitosis  of  the  nuclei  and 
cell-division  follow.  The  resulting  round  cells  are  those  above 
described  as  characteristic  of  inflammation  after  the  earliest  stage 
of  leukocytic  exudation.  The  new-formed  round  connective-tissue 
cells  in  part  bec()me  wandering  cells  and  are  more  or  less  phago- 
cytic ;  in  i)art  they  remain  fixed,  elongate  or  become  polymorphous 
in  shape,  pro<luce  intercellular  substance  and  thus  assume  a  purely 
regenerative  ro/e.  This  latter  type  is  designateil  jibrch-lilaMic  ceils 
(see  Regeneration ). 
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At  tlie  sxngir  \wx  iiu'k'r  roiisidenitioa  the  influnied  ih^ne  is 
iDfiltratPtl  with  emignitrtl  kMikoi-ytes  and  more  purtic^yhirly  with 
IvTiiphciid  fxdls  urid  round  connective-tissue  cells.  The  appeHnince 
is  ehardcteristic  of  the  niore  ailvaiioed  stages  of  aente  inHaitimation 
and  of  chrotijc  inflaniinutioii.      It  is  termed   rtnual-edl  inJiUndion 
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begininit^'  lulKeaiun  of  iht;  pehnirilliil  Inyer?. 


Vireliow  hrld  tlie  pro- 
liferati  ve  elia i ig* -s  t<  *  l>e  the 
esi^ential  feature  in  intlani- 
mation^and  Ijclieved  that 
all  round  eel  Is  have  this 
oritrin  ;  ( 'ohenlieiin  denied 
the  oeeiirrence  of  pro!  i  fer- 
ation»antl  iuscriheil  to  emi- 
^mtiori  the  essential  rok. 
I^ater,  it  was  held  that  the 
prolifemtive  chanj^^es  are 
i\ot  m  reality  a  part  of 
inflammation,  litit  rather 
rt*irenerative  and  for  the 
|>nrjxisr  of  repairing  the 
tissuc'injnries after  inHainniation  (Fig.  29),  At  tlie  present  time  we 
must  roifjinl  tis  factors  in  inflammation  hoth  emigration  and  pro- 
literation,  whether  the  latter  in  any  individual  ease  is  due  tu  direct 
stimulation  of  the  cells,  or  is  seeoudary  to  tlestruetive  ehanges,  or 
h  merely  the  result  of  increase  of  nutrition  from  the  inflammatory 
congestion.  It  is  eonjecturt^d  hy  some  that  tinder  chemotaetie 
influences  the  cell-«intents  of  fixe<l  eells  are  incited  to  movem*Jits 
terminatiiti^  in  karyoknu'sis,  just  as  the  whole  ctdl  is  influenced  in 
the  case  of  movahle  <!ells.  The  prolifer.iti*ni  of  the  fixed  eon nec- 
tiv^e-t issue  cells  may  be  an  early  pmeess  hut  does  not  usually  occur 
until  some  time  after  tfie  exiulative  chana^es  have  taken  place. 
The  new- formed  eells  have  at  first  the  eharaeters  above  deseril>ed, 
hut  later  they  become  irres^ular  in  sha|>e  antl  many  of  them  spindle 
shaped  (formative  cells).  In  chronic  iuflarninations,  especially  such 
as  surrtmntl  foreiirn  ImhIics,  iriant-cells  are  fiunuL  These  liave 
distinct  phajL^^cytic  functions.  They  may  lie  formed  hy  conflumce 
of  a  numl»er  i>f  eidls,  and  when  their  |iurp>se  is  fulfilled,  may 
divide  into  the  com jxuient  pnrts.  Mi^rc  enmmouly  the  ^iant-cells 
seem  to  be  the  result  <d*  clivision  of  the  original  nucleus,  with 
growth  J  but  nou"di  vision,  of  the  protophu^nu 

Granftftrfiftfi  TAvN^/r.— When  the  pmliferative  changes  are 
active,  new  blond-vessels,  fbrnie<l  by  midtiplication  and  lateral  out- 
KTowtli  of  the  endothc>lium  nf  the  pri'-i-xisting  vessels,  are  a  con- 
Hpifuious  feature.  These,  siirroimded  l»y  the  various  fivrms  of 
nmnd  cells  alxive  described^  and  sometimes  giant-cells,  con- 
stitute gninnlation  tissue  (see  also  Repair  of  Wounds  and  Re- 
^•ui-ration).     8ueh  irranulation  tissue  is  cs|>eeially  couspieiions  in 


116  TEXTBOOK  OF  PATHOLOGY, 

the  floor  of  ulcers.  It  is  more  properly  considered  as  a  regener- 
ative than  as  an  inflammatory  product. 

Proliferative  Changes  in  the  Parenchymatcms  Cells, — Swelling 
and  later  mitosis,  may  occur  in  the  early  stages  of  inflammation 
but  are  of  slight  extent.  In  certain  chronic  inflammations  also, 
such  as  some  forms  of  cirrhosis  of  the  liver,  proliferation  of 
parenchymatous  cells  may  be  observed.  In  the  latter  instance 
the  process  is  rather  of  regenerative  character.  The  changes  in 
the  earlier  stages  of  inflammation  are  more  truly  inflammatory 
though  the  new-formed  cells  unlike  some  of  the  proliferative  con- 
nective-tissue cells  do  not  migrate  or  take  on  phagocytic  action. 

4.  Degenerative  Ohanges  in  the  Tissnes. — The  irritant  which 
causes  inflammation  may  in  some  cases  (bacteria)  contain  in  itself 
the  agencies  that  excite  the  various  phenomena  of  inflammation — 
vascular  phenomena,  exudation,  degeneration,  and  proliferation;  in 
other  inflammations  (mechanical,  thermal,  etc.)  the  irritant  first 
causes  destruction  of  cells  which  liberates  substances  capable  of 

I)nKhicing  the  successive  phenomena.  Even  in  the  case  of  oacteria, 
lowever,  the  primary  attack  on  the  cells  and  the  consequent  pro- 
duction of  noxious  bodies  are  important  factors  in  the  whole 
process.  The  first  effect  may  fall  upon  the  blood-vessel  walls  or 
upon  the  tissues.  Weigert,  Neumann,  and  others  hold  that  the 
"primary  effect"  in  inflammation  is  generally  or  always  this  tissue- 
tlegeneration,  which  excites  secondary  exudation  and  proliferation. 
This  is  certainly  the  case  in  many  instances ;  and  the  discovery 
that  tissue-degeneration  leads  to  the  formation  of  substances  posi- 
tively  chemotactic  in  action  would  indicate  the  manner  in  which 
inflammation  is  brought  about  in  these  cases.  The  degener- 
ative r-hanges  may  be  merely  physiologic  (some  form  of  altered 
funcftional  activity),  or  there  may  be  structural  alterations,  such  as 
cloudy  swelling,  mucoid  degeneration,  liquefaction,  fatty  change, 
c^mgulation-  or  other  forms  of  necrosis.  The  nature  of  the 
difgenenition  depends  largely  upon  the  severity  of  the  irritation. 
Very  jx>werful  irritants  cause  necrosis  at  once,  and  not  inflam- 
mation. It  is  the  irritants  which  disonler,  but  do  not  entirely 
d<'r*troy  cflls,  that  are  especially  apt  to  excite  inflamniation.  The 
rel  hilar  clegonerations  now  under  discussion  are  entirely  different 
in  j»ignifir*an('('  from  the  more  conspicuous  secondary  cvlhilar  degen- 
eratioHH  conHid<Ted  below.  The  primary'  degenerations  occasion- 
oil  by  tli<»  first  attack  of  the  irritant  are  often  inconspicuous  and 
inferential  nitluT  than  demonstrable.  The  condition  of  general 
and  local  vitality  is  of  great  importance  in  determining  the  extent 
of  the  degenerative  change  in  the  tissues.  Thus,  in  states  of  re- 
duced general  vitality  catarrhal  inflammations  with  extensive 
epithelial  degeneration  may  be  very  pHprsistent,  and  may  subside 
promptly  when  the  general  health  has  improved. 

Secondary  Cellular  Degeneration. — When  inflammations  attack 


INFLA.\fMATIOy  AND  REaENEIlANION, 


117 


tissues  containing  epitlielia  or  other  |>arenchyniatou8  cells  the  latter 
oflen  sutftT  ^it'euiichirv  <letrt'nt'nitive  ehiiiiges,  cloudy  swelling,  fatty 
or  mucoid  degeneration  and  total  neerosis.  These  seeondary 
celliilar  changes  may  serve  to  sjnvad  and  intensify  the  origimil 
inflammation  and  are  moreover  e.s|jeeially  Ijurmful  to  the  functional 
activity  of  the  diseased  organ  or  tissue.  The  cause  of  tl*ese  de- 
generations may  be  tlie  same  tt>xie  a^ent  wliieh  initiated  the  whole 
process  or  on  the  otlier  hand  tlie  pressure  of  exudates  and  tlie 
cireulatorv  disturhauees  incident  tu  the  iuriaiiiiniitiun. 

Etiology. — Irritation  by  meehanieal,  chemical,  thermal,  or  in- 
fectious agents  causes  iuriammation  wheu  it  is  severe  enough  to  dis- 
turb the  vitality  of  tlie  tissue  and  not  sufficient  to  cause  extensive 
necrosis  at  once.  When  the  irritant  is  brought  to  hear  upon  the 
tii^ues  directly,  there  is  prob:d)ly,  first,  cell-degcueratioji,  fVil- 
lowed  by  vascular  disturhauccs  autl  emigration.  Wlu^n  the  irri- 
tant acts  through  the  blood,  vascular  discu'ders  probalily,  as  a  rule, 
precede  the  tissue-changes.  Miero-orgruiisms  may  act  by  first  de- 
stroying the  cells,  or  may  liheratc  tVom  tlieir  sul (stance  some  poi.son 
(protein)  whicli  is  irritant  and  elieuiotactie,  1  )isturhanees  uf  eir- 
cidatJon,  innervation,  (U*  nutaltolism  may  h»  alter  cellular  proceBSf^s 
as  to  oecasiou  theprtiductiuu  of  irritating  and  chemotactic  products. 

Special  Forms  of  Inflamniatloii-^Various  classifications 
may  kje  used  in  describing  forms  or  types  of  inHammation.  The 
most  natural  is  tliat  which  fullows  tlie  ;ujatomieal  changes.  Thus 
we  may  disiinguish  (1)  txutintirt  intlarnniation,  or  the  form  in 
which  the  fluid  and  eelhdar  exudatifiu  from  the  blofMl-vessels  is 
the  predominating  element  in  the  jiathologic  process  ;  {!2)  jmrrH' 
dii/maious  or  degenemtive  inflammation,  or  the  form  in  which 
destniction  of  the  parenchyma  cells  is  the  leading  feature  ;  and 
(3)  proiiuiiive  iutlaumiationt  in  which  |)rolifemtioii  is  the  striking 
characteristic .  Tlic  nature  <if  the  cause,  as  well  as  the  resistance 
of  the  orgaiusru  or  of  the  alfected  part,  deterniines  the  particular 
form  in  a  given  ease, 

A  number  of  sub- varieties  may  be  described,  but  it  must  always 
be  rememljcretl  that  the  three  processes  exudation,  degeneration, 
and  prol iteration  are  present  in  greater  r*r  Ic'^s  degree  in  all  forms. 

Types  of  Infiammation,— I.  Edematous  or  seroas  inflamma- 
tion is  chara(*terizecl  by  a  copious  exudation  of  fluid  with  com- 
paratively little  cellular  matter,  as  iu  edenui  of  the  larynx^  sercuis 
eflFusions  in  the  serous  sacs,  etc.  The  local  forms  of  edematous 
or  serous  inflammation  are  usually  expressiotis  of  intensely  irritant 
causes  ;  the  serous  inflammations  of  serous  cavities,  however,  are 
not  necessarily  of  this  severe  grade.  In<lr^(  d,  in  many  cjises  serous 
inflammation  niayl)e  a  mild,  subacute  iU'chronir,  process,  which  may 
subgiide  gradually,  leaviug  the  serous  membranes  slightly  thick* 
ened  or  fulherent.  Tlie  fluid  in  inflammatory  exudations  difl'ers 
from  dropsical  fluid  in  containing  more  albumin  and  fibrin -factors. 
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2.  Fibrinous  Inflammation. — ^The  plasmatic  and  cellular  exudate 
may  form  a  fibrinous  membrane  on  free  surfaces  or  a  network 
within  the  tissues;  this  is  termed  fibrinous  inflammation. 

In  purely  fibrinous  inflammations  of  serous  surfaces  there  is  a 
whitish  or  yellowish-white  dej)osit  of  variable  thickness,  which  is 
more  or  less  adherent  to  the  underlying  surfacie.  When  removed, 
there  may  be  seen  beneath  it  a  pronounced  injection  of  the  blood- 
vessels and  rouj^hness  and  rawness  of  the  surface.  This  is  due  to 
b(*ginning  granulations  (see  Repair  of  Wounds).  Microscopically 
the  fibrinous  dejK)sit  consists  of  an  irregularly  arranged  mass  of 
fibrillar,  granular,  or  homogeneous  fibrin,  with  leukocytes  and 
endothelial  cells  (more  or  less  degenerat(»d)  enclosed  in  the  dejH)sil. 
Microscopically  the  fibrin  may  be  found  in  star-like  formations 
made  up  of  a  more  or  less  d(*generated  leukocyte  in  the  center  an<i 
nidiating  threads  of  fibrin  extending  from  it  in  every  direction. 
This  may  be  signifieiint  of  the  lib<?ration  of  fibrin  ferment  from  the 
degen(;rating  cell  and  consequent  formation  of  fibrin  about  this  as 
a  centiT.  Some  authorities  believe  that  fibrinous  inflammation 
can  n(»ver  occur  independently  of  destruction  of  fixed  cells.  In 
other  words,  they  doubt  that  the  fibrinous  exudate  is  ever  purely 
an  exudate.  Some  exjH*rimenters  have,  however,  described  fibrin- 
ous inflammations  of  serous  surfaces  with  an  unbroken  lining  of 
endothelial  cells  under  the  fibrinous  dej)osit,  and  have  concluded 
that  the  fibrin  is  wholly  exudative.  Others  reganl  the  lining  cells 
as  cells  of  lymj)h-spaces,  and  not  the  original  sm-face  cells  ;  and 
conse(jU(»ntly  conchnle  that  cellular  destruction  plays  a  j>art  in  the 
fibrin-formation.  Fibrinous  inflammation  is  often  associated  with 
serous  exudation,  and  the  term  i^rro- fibrinous  is  applied.  In  other 
cas«'s  (cspcMMally  in  peritoneal  inflammations)  the  exudate  is  likely 
to  become  \mr\\\vn{—fibrino'parulenf  inflammation. 

Inflammations  of  the  serous  mcMnbranes  are  nearly  always  more 
or  less  fibrinous. 

3.  Diphtheritic  inflammation  differs  from  the  last  in  having 
associate*!  with  the  coagulation  of  the  exudate  deci<led  coagulation- 
n<!(!rosis  of  the  cells  of  the  part  inflamed.  The  difference  is  one  of 
d<»gree  rather  than  of  kind,  and  is  largely  dependent  upon  the 
character  of  the  tissue  in  which  the  inflammation  (x^curs.  Diph- 
theritic inflammation  occurs  es|K»cially  in  the  pharynx  and  larynx, 
wIktc  it  occasions  j>seudomembranes  (Fig.  HO),  This  is  most  fn*- 
<jU(Mitly  due  to  the  sj)ecific  bacillus  of  the  disease  calltMl  diphtheria; 
but  diphtheriti<*  inflammation  may  result  from  a  variety  of  severe 
irritants,  such  as  other  bacteria,  superheateil  steam,  and  chemical 
ag(»nts.  The  <liphtheritic  membrane  consists  of  a  network  of 
fibrin  or  of  homogeneous  or  granular  fibrin-masses  enclosing  de- 
genoratt»d  <»pithelial  cells  and  emigpatiMl  leukocytes.  Sometimes  it 
18  quite  HUj>erfiicial,  involving  (mly  the  surface-layer  of  epithelium; 
at  other  times  the  whole  depth  of  the  mucous  membrane  is  impli- 
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cat4?d.  The  farmer  itn*  >oiiictinies  cultrd  croujion-  ami  the  latter 
diphthoritir  falst*  nn-mbranes.  These  tfrms,  l»owever,  arc  ill-de- 
fineil  and  oljjeeiirnialilu, 

4.  SuppuratiTe  inlammatioii  is  i-haracttTi/ed  by  uDu<^ual  abun- 
dance of  cmi^nKt'd  leukixrytes  and  liv  (lie  teiideney  to  lifjue- 
fuetion,  Ijacleri:i  are  inoi^t  frt'(|nently  the  eau>;e ;  bnt  it  has 
Ix'en  slniwn  ex|K'rini(^ntally  that  eroton  t*il,  eahaiu'l,  tnr|K'ntiiie, 
and  othi  r  sulistMUris  an-  ea|)al>K*  ni*  |ini<lnriut:  sn|i|iiifaticin.  Of 
the  bacteria,  tlie  romnionerft  are  th**  HM'alle<l  jnogenie  staj»hylo- 
eocei  and  streptut^oeci ;  bnt  numerous  forms,  not  ei^.sentiatly  |)yo- 
gt»nie,  luay  oeea^sionaliy  prove  so.  fSneh  are  the  baeilliis  of 
typhoid    lev<T,    the    cronm*fK*eiis,    the    ISaeilhts   eoli,   and    others. 

The  iniplantatino  of  bacteria  of  siippiiratinn  at  the  jH)int  of  dis- 
ease may  take  pla(*e  directly  throiir!:h  wonnds,  ur  somewhat  indi- 
rectly thronii;h  small  abrasions  in  the  various  mucous  merui)ranes. 
Some  local  injury  may  t!ien  serve  to  determine  the  suppurative 
inflammation  at  a  given  place, 

lieeent  studies  ascrilje  to  chemotaxis  the  important  rdlc  in  the 
action  of  bacteria  in  intlammatton  and  supparatiou.  P^ilher  the 
prixlucts  of  the  Ijacteria   or  sul>stauces  derived   from   their  owu 


Pi4*.  aa— P»etulouifmhnuioii»  hirt«imm»tloii  of  the  iiviilut  ft,  iiiiu(«es  of  micrococci;  b, 
necroUe  ccUs;  c,  romid-ci'll  iiiHltrutiotn  rf,  libiiM-uelwork  tZie^fler). 

pnitoplasm  (endogenmi!*  .substances)  exereiise  a  poweHul  chcmo- 
tactic  iurtuence,  ami  tirns  occasion  tlic  massing  ^f  ruii**rnt<'d 
leukt>cytes  (Fig.   31).      The   same  or  similar  suljstauccs   furl  her 

Iinpveat  tihrin-formation  or  eiiuse  a  solution  of  fibrin  already 
brmed^  and  tints  tlie  exudate  liquefies  and  Ibrms  pus.  Tin* 
sequence  of  events  may  bt*  as  folh^vs:  bn*'teriu  directly  itnplante*! 
in  the  tisstie  or  carried  to  th<'  cripillari^'s  in  the  bloml  fu*st  cause 
loi'al  cellular  changes  (degeiieraliou  or  neerr^sisf ;  then  congestion 
an*l  exudation  of  leukocytes  anil  jilasma  ocvur  mnaiud  this  foeiis, 
next  mure  or  less  Hiu-in  formation  results  from  the  exutlation,  and 
fimilly  solteuing  of  the  whole  area  anil  a  more  or  less  complete  Hlling 
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up  will»  exudativa  leukocytes.  The  softening  of  the  degenerated  cells 
and  of  the  iibrin  is  pmbably  tlie  residt  of  some  sort  of  ferment- 
activity,  tlie  ferments  resulting  from  tlie  aetion  of  tlie  haeteria  on  the 
cells.  The  Hrm  packing  of  exudative  cells  anfl  the  j pressure  caused 
by  vascular  tnrgesceneej  as  well  as  the  anemia  caused  by  stoppage 
of  circiihition  by  stasis  and  intravascular  thrombosis,  are»  Ivnwever, 
additional  factors  that  lead  to  degenerative  clianges  and  pus- for- 
mation. The  essence  i>f  suppurative  intiammation  is  the  excessive 
emigration  of  leukiM-ytes,  the  scdteniug  of  the  tissues,  and  the 
failure  of  the  liuid  cxuthitc  to  coagulate  and  form  tibrin.  The  exces- 
sive leukfH'ytie  invasion  is  chargea!)le  t4»  inonlinatc  cbcmotaxis 
due  to  the  niieroorganismal  or  other  causes  of  the  inflanu nation  or 
to  their  products.  The  sc^fteui ng  may  possibly  be  occasioned  l*y 
tiie  same  suljstauccs  in  excess  or  to  other  sidistances  eoincidently 
formed  in  the  tissues.  It  is  not  likely  that  tlicM'  ferment  sub- 
stances are  (Hajveycil  in  the  bacteria  themselves,  a>  non-ebemotaetie 
eliemieals  may  act  precisely  like  pyogenic  l^ac^teria. 


FlO.  3L— EmboUf  fttiJKes*  hi  tin-  nl>^  rjirlnj?)*.  ^h-vs  mil'  ihdimulation  of  large  Dumbers  of 
k■ukl^cyle^  iKiirg  nut]  <i:hnu>Tl). 

Pus  consists  «if  a  liquid  part,  the  /ifpior  }ntrls^  a  nmditied  blixid- 
plasma,  wliich  differs  from  ordinary  plasma  in  being  less  ccmgnlable 
and  in  containing  notable  ipiantities  ofa  1  bum  ose(  peptone  hand  a  eor- 
puseular  part,  mtisistiu^  chiefly  of  polvmoqdionneler  leukocytes 
more  or  less  degi'ueniteth  Scnnc  proHfemted  connective-tissue 
cells  or  wandering  cells  ntay  be  added  from  the  neigld^oring  tissue, 
but  these  et>nstitute  but  a  mitiority  of  tlie  whole  nund>er.  The 
jms-cells  present  a  distinctly  gnmular  |irotoplasm  and  fragmented 
nuclei. 

Abscess. — A\nien  eirenmscribrtl  suyn*unition  oeeiirs  in  the  sub- 
stance of  a  tissue  or  nrgan,  tlie  lesion  is  called  an  ahseess.  This  con- 
sists of  a  collection  of  pus,  which  usually  has  a  creamy  yellow  coh>r, 
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but  may  be  viiriou^ly  altered  in  odor  or  color  hy  siilhsequent  clianges. 
The  abscess  grmvii  by  turtherliqiii'fiicti  w  oliungc^s  in  thesurroumling 
tissues  and  fiirthtT  attniction  oi'  It'iikcRn'tes  fruiti  the  hyjicrcmic 
veiisels  in  llie  |ji:'ripheral  iatructiires.  Around  thu  abscess  the  tissues 
present  the  jiroliienitive  changes  deseribrd  as  purt  oi"  inJiaui- 
raatinn.  Tiiere  are  inmiernus  nnnid  cells,  ilitleriiig  from  etnjgiuted 
lenkwytes  and  utteii  showing  niitotic  figures  in  the  nucha,  and 
there  are  new  blood-vessels  and  beginning  organiziition  (see  Re- 
generation).  Fibrin  in  tlie  form  oi*  interlacing  threads  or  in 
masses,  the  prmluet  of  plasmatic  exudate  ami  of  coagulation- 
ntx*n\sis,  athls  to  tlie  etabaukmeiit.  In  slowly  iurming  abscesses 
the  surrounding:  wall  uf  condensed  tissue  is  uften  quite  ilnn.  This 
restraining  wall  was  formerly  erroneously  regarded  as  a  pus-pni- 
ducing  membrane,  and  tbereibre  called  the  pffof/cnw  mniii/ntne. 
Abscesses  tend  to  soften  the  surrounding  tissues  in  the  direetiou 
of  least  resistance,  and  thus  to  break  on  the  surface,  discharging 
their  contents  by  sinut>us  tracts  or  sinnstH,  Sometimes  the  pu^  of 
an  abseess  l>ccornes  inspissated  by  absorption  of  the  liquid  ptu't, 
and  the  residue  undergoes  v^arious  degenerative  changes^,  such  as 
mucous,  fattv,  or  ealcare«jus.  At  the  sarae  time  the  surrounding 
membrane  may  advance  to  complete  organization,  ami  thus  eneap- 
gulates  the  abscess, 

Phleffjttonous  /^i/frtmmnfi'ofi.— Suppurative  inflammation  may 
have  a  less  definitely  eircuniscril>etl  character  than  that  seen  in 
absi*esses.  It  may  take  the  form  ot*a  purniint  infiitration  in  which 
the  tissues  are  extensivclv  infiltratfd  with  emigrate*!  leukocytes 
and  mort^  or  less  softened  by  liquefactive  pr^jccsses  or  by  abund- 
ance of  fluid  exudate  that  does  not  coagulate.  In  other  cases  a 
nearer  approach  to  the  comlitions  seen  in  al»scesses  is  observeil. 
The  purulent  pnK^ess  spreads  along  planes  of  tissue  or  neighboring 
fiK'i  coalesce  to  form  a  diifusc  suppurative  condition.  To  this  the 
terms  phlegmon  and  j^hirgmonom  inffammafion  are  applied- 
Ulcer. — Suppurative  inflammation  with  erosion  of  arciis  of  the 
skin  or  mucous  surfaces  o^'casiuns  nkers.  These  have  tli(^  same 
liii^oU>gie  construction  as  the  wall  of  an  al>scess,  the  base  oi'  the 
ulcer  being  the  same  as  the  pyogenic  membrane.  In  it  nuiy  be 
aeen  small  red  poinds  or  gramdatiuns,  wliich  consist  of  loops  of 
capillary  blood-vessels  surrouridcil  by  roimd  cells*  (Tlie  his- 
lolngy  of  trninulation-tissue  is  more  minutely  dcscribeil  under 
Regeneration.) 

The  appearance  and  i*athologic  cowrse  of  ulcers  vary  widely.  Some^ 
times  rapid  de*«truL'tion  of  the  tissues  eaUBi^y  large  and  J^preadirig  iilccr3» 
called  phnffedenic.  Otln  rs  extend  m  one  dJrectiun  wliile  healint^  in  «»tber 
pftTto,  ivnd  are  called  >*erpi(jtnoa^.  The  f^rarmlatiuns  may  be  too  rapid  in 
|iowlh»  forming  red  fungous  inaases  (proud  flcRh)  which  fill  up  the  ulcer. 
In  other  ca^ie^  the  ulcer  reinaiiiB  dry  and  imioltnt,  sbowiDg  little  tendency  to 
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Borne  ulcers  are  not  priraarily  of  inflammntory  origin.   For  example,  the 
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or  p^ie  uleer  of , the  iiton]ac!h  is  formed  bj  digestion,  through  the 

of  the  gastric  juice,  of  a  purl  of  the  dtuoiach  which  has  become 

crwl  in  vitality  or  possibly  necrotic.     8iiuilarh%  the  beginuin^  change  in 

^itte  perff/raiinff  utcf^r  of  the  i oat  in  tabe^*  and  in  decubitus  (bed -f*ore*  and 

C€jl4*r  Jornirt  of  pren-^ure  ulceration)  is  not  inflammatory,  but  mther  necnitic, 

Hueondarily,  however,  the  necrotic  ti.si>ue^  become  active  irritaDts  and  oc- 

true  inflammatory  ulceration* 


Sappumtivc  inflammation"^  of  r^fTous  membrane*  lining  closed 
cause  collectit>n-<  *>r  ]n\i^  in  the  cavities.  The  pu.**  usually 
csoatainii  more  or  less  fibi^n,  and  there  is  a  fibrino-puruicnt  exu- 
date on  the  ficrous  surface, 

Supfnirutive  inflammation  of  the  .skin  iind  sulicutaneous  tissueB 
may  be  Im^uHzed  or  difluse.  Of  the  loea]ize<l  type  there  are 
various  juiHiuft'M^  fu ninths  or  hinU^  and  varbnncieis, 

A  furuncle  is  a  so|)pumtive  and  necrotic  inflammation  be- 
ffinning  in  tuie  »»f  the  ^wcat-glanils^  sebaceous-glands,  or  hair- 
iollielf5>(.  A  t*arliuiicle  is  a  more  extensive  but  similar  process 
lK*^nnnifjg  in  several  of  the  gr|andsor  hair- follicles  si multaneuusly, 
and  causing  cDn^-idcrablc  necrosis  or  gangrene  of  the  skin  and 
«ulxmianei>u.<4  tis»ue. 


■IP- 


ii.Mi.    AiuLihroiurlUitl  cntoirrli,  ihowlnfT  the  caciipe  nf  Iciikorytc*  f^om  the  '•ubmuiii 

5,  Catarrhal  laflammatioa, — Tld.n  term  is  used  ti>  designate  in- 
fliHiMuunou^  *>J'muciMis  inendu'ancs.  Tlie  character  of  the  inflam- 
tufttion  depenrls  to  a  large  extent  upon  the  individuality  of  tiie 
inut?ouH  nx'inbraiie  aflectcd,  diflering  greatly  in  tlie  nose,  throaty 
litomachf  bi»wi'l,  etc.  There  is  always  eonsiLlerable  congestion  of 
the  muctoKa,  arul  generally  a  great  deal  of  serous  exudation,  which 
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is  discliartretl  from  the  surface  as  a  rtik%  but  ii^  to  pome  extent 
retained  in  the  t issuer  causing  edeniatou>?  swelling*  This  ia 
espeeially  luarked  wluii  tlie  Bubrnueosa  is  eoiisiderably  implieated, 
The  epithelial  eells^  iA*  the  surtaee  sutler  {ItgenLTation  (mucous  or 
fatty)  and  neerosis,  and  are  discharged  with  the  serous  exudate  ; 
they  may  be  reeogni/j/d  as  goblet-celis  nutieous)  or  as  granular 
cells  (fatty)  or  as  tVagmented  neerotie  struct ure?«.  (Joineideutly 
with  the  serous  exudation,  and  in  greater  measure  after  the  latter 
has  become  less  marked,  leukfn:'ytes  escape  from  the  blood-vessels 
or  emigrate  from  their  re.sting-[4apes  in  the  suhnincos^i  arid  make 
their  way  to  tlsc  surface  between  tlie  e|iithelial  cells  ^  Fig.  32). 
When  in  great  ainuidauce  (as  in  some  nasal  calarrlis)  ihe  pnx*ess 
may  \}Q  t\  purulent  or  mr ppuraf ire  one  ;  more  frequently  there  is 
sufficient  niueiis  to  requir*'  the  term  muco-pHnikitL  Suj^erfieial  ero- 
sions «»f  the  ejiit helium  and  hemorrhages  are  freqnently  met  with, 
"Wlnvn  catarrhal  inflanmiations  arc  chrtmic,  there  is  usually 
cousiderahle  pr*Hhifiire  iytjlnitiutfifitin,  with  cousecjucut  thickenings 
and  later,  when  the  new  tibrons  tissue  contracts^  there  may  be 
uniform  tluuniiig  of  the  mucosa  or  irregularly  distributeil  areas  of 
liyiHTplasia  intermixed  with  areas  of  thinning,  lu  some  eases^ 
however*  progressive  atrophy  of  the  nulcc^sa  oi-eurs  withont  j»re- 
vious  priKbietivc  changes.  This  is  es[»ecially  marked  in  the  ImjwcI, 
where,  douliticss,  constant  di>tention  plays  an  imjKirtant  part. 
When  ihe  eont factions  ot'  the  librous  lissue  are  irregular,  the 
mucosa  between  the  tibrous  areas  may  l)e  elevated,  especiidly  if 
tliere  is  at  the  same  tiiue  pnd iteration  of  the  suriace  epitludiuni 
and  the  glandular  elements  in  the  mucosa.  In  such  eases  a 
granular  surface  or  polypoid  elevations  result.  These  are  com- 
mon in  the  stomach  and  the  bowels. 

6.  PareEchymatoiis  or  Degenerative  InfiammatioE. — Tins  term 
may  be  applied  to  certain  intlamouitions,  sueh  as  forms  of  neph- 
ritis, in  which  degeneration  (cloudy,  fatty,  etc.)  of  the  parenchyma- 
cells  is  more  eonspicuous  than  the  exudative  prm^<*sses.  The 
ciianges  in  the  parenchyma  in  such  cases  are  often  seconclary  to  the 
inflammation,  in  either  eases  they  arc  precedent.  Strirtly  speak- 
ing the  parenchymatous  changes  arc  not  essentially  a  part  of  tlie 
inflammation,  but  in  those  cases  in  wliich  nujch  degeneration  of 
pftrenchymatous  cells  accompanies  inflamniations  the  term  paren- 
chymatous inflammation  is  convenient  and  expressive, 

7.  Productive  Infiammation.  —  lu  this  form  the  |trolifcrative 
e hanges  p ret  1  ot n i n a t e  u v er  exm la t ion  and  degc n em t i < m .  T h i s  i n ay 
be  due  to  tljc  nature  of  the  etif>logieal  factor,  to  ]icculiarities  in  the 
tij!sue  n^action,  or  locul  conditions  atl'ecti ng  tlic  removal  of  the 
irritant-  In  all  eases  in  which  intlamraation  fi>r  any  of  the  above 
reasons  becomes  chn>nic  the  proliferative  clianges  in  the  atfected 
tissues  become  nu>rc  or  less  predouunating.  Sime  degree  of  pri- 
nmry  tissue  destruction  appears  to  be  essential  to  tlie  protluctive 
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Fir,  33."r*<Mtt»fl  of  IjUxjO- 
▼esseli*  in  gTHnuUliull-ti!>l^tlu 
(Thiersch  I. 


process,  which  tht^n^f^re  must  be  regankMl  as  ahvavs  reactive  or 
regeiiemtive* 

The  term  inkrHtilial  inflammation  is  applied  to  this  form  as  a 
contrast  t^CJ  pfity^uchifmnfoufi  hifiammafion  above  clerfcrihc*L  Rutli 
these  iiarnes  are  ternis  nf  coiivtnienee  mther  than  i^i^oiticant  of 
esse n t i a  1 1  y  dl ffe re ti t  pro< *esses , 

Repair  of  Wounds. — Prodtirtivo  inflaniniatioii  is  well  illus- 
trated in  the  iiealing  t*f  w<uiinls.  If  the  li(>s  »*f  a  clean,  iiieiscd 
won  ml  are  dmwn  tngi^thcr  at  once  atul 
kept  c^hxsely  apposi'il,  rapid  healing:;  iM'cur.s, 
which  is  called  hfaiinfj  (tif  immediate  unlotK 
III  these  ea^ses  a  niier<».scoj>ie  examination 
shows  slight  exudation  from  the  surfaces 
of  the  wound  an*l  prolifenited  connertive- 
tissue  cells.  The  epithi'lial  continuity  is 
re.<t(ired  hy  proliferation  of  the  oh!  epi- 
tlielial  cells.  ShouhJ  apposition  be  less 
ira  met  Hate  or  less  accurate,  the  a  mo  nut  of 
exudation  is  greater.  If  the  wounded  snr- 
faces  are  examined  twenty -four  hntirs  after 
the  injury,  they  are  f<Kmd  n*d  nnd  swollen 
ami  soiin  they  hc^'omc  ghized  in  appear- 
ance. The  microsi*o|)ie  features  Iktc  are 
the  same  as  in  the  case  of  liealiug  l>y 
immediate  iuii4»n»  exeeptinij  the  amount  of  exudation  is  gn-ater. 
Heidin*^  proereds  in  the  sanje  wav  lint  more  e^lowly,  and  i^  called 
hni/tHi/  f^ti  firMt  Infndion.  In  neitiier  case  is  thi^ir  ^reat  couiiestifin. 
If  the  wound  h»*  irritated  hy  foreign  liodies  or  kept  ex  postal,  tliere 
will  he  seen  on  tlie  «uriaccs»  after  two  or  three  days,  small  red  el^^va- 
tions,  known  as  f^ramdntlon^,  which  consist  of  Imtps  of  new- formed 
capillaries  covered  l>v  emii^rate^I  and  new-formed  round  cells,  ami 
sometimes  (after  hinger  intervals  «»f  time)  giant-eells  (Fig*  3*i). 
When  infected,  the  surface  may  be  ei>vered  %vith  eotisiderable  pus* 
The  proliferated  round  cells  gradnidly  elongate  ami  tVtrm  new 
fibrcms  tissue  (see  Kcgenenition  K  wliich  afterward  contracts,  form- 
ing ricatrirfff  or  scars.  The  epithelial  continuity  is  rc-establislied 
by  multi])lieation  of  the  old  epitlielial  cells  at  the  edges  of  the 
wound.  Tins  form  of  healing  is  called  healhig  by  seeond  inlaiHoJi 
or  heaUnfj  iiif  f/ranulatio^hs. 

The  formation  of  adhesions  following  inflammation  of  the 
Bemns  siirfaeus  occurs  in  nnieh  the  same  way  as  wounds  lieah 
The  primary  exudation  is  largely  fibrinous  ami  causes  agglutina- 
tion of  neighborinjT  surfaces.  Kuitsef[tiently  the  proliferative  con- 
nective-tissue cells,  having  l>eeome  actively  wandering  cells,  pene- 
trate this  fibrinous  exudate,  as  do  newly  formed  bhxKl-vessels 
(Fig,  34).  Tints  a  union  of  vascular  channels  is  affected  between 
the  adjacent  inflamed  surfaces,  and  organization  follows. 
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PrecUely  similar  rbnnges  occur  in  the  tiw*ues  Kurroiiuding  a  foreign 
body,  a»  a  piece  of  sponge,  or  around  a  porti«m  of  dead  tissue.  In  these 
cases  the  exudative  and  proliferated  i  ells  lend  t*>  iienetrate  into  the  foreign 
mass,  as  occurs  abo  in  the  organ izant>n  r>f  thrombi.  There  is  in  these 
cases  a  greater  tendency  to  the  fortnatioo  of  giunt-eelb  iby  confiuence  of 
cells  or  by  division  of  nuclei  without  division  of  the  eell-bfuJvj  than  in 
ordinary  granulations^.  If  the  fi^reign  niaHi?  vnn  be  s<>ft«?ned  i\i\i\  abi^<»rl>ed, 
this  gradually  oecurs.  and  later  merely  a  t^ear  will  reniaiii;  if  it  cannot  be 
absorbed  I  connective  tissue  eventually  encloses  or  encajisuJatcs  it. 


■■■■'■'  ^^ 


t  8i^Adhcstve  pericardltiii.  nhowiuK  llbrin-defioslt,  with  new  bl«od*Te8sela  extending 
upward  itito  It  (Peris). 


General  Fibrosie. — A  teiulonev  Uy  widespread  prixlneti  ve  iiiflam- 
niation  is  noted  in  eertuiii  iorJividii;ds.  This  affects  the  blood- 
vessels et?pet!ia!ly  (general  arterioeapHlar-y  fibrosis,  j^^eneral  aiioio- 
st»lerosi8),  aod  alsci  the  liver  (cirrht>sis  of  the  liver),  the  kidneys 
(interstitial  nephritis),  and  otlier  organs  (Fig.  35).  iSome  form  of 
degeneration  or  necrosis  of  the  |>nrcneliyniatous  cells  is  doubtless 
the  preliminary  condition  in  all  of  these  rases.  First  the  endo- 
tJielia  or  the  nmselo  eells  are  affeeted  in  tlie  eases  of  IdocwJ- 
ve.ssels ;  the  hepatie  cells  in  ease  of  tho  liver  ;  the  epithelia  of  the 
tubules  and  glomeruli  in  case  of  the  kidney,  etc.  The  resulting 
fibrosis  is,  however,  out  of  all  propoi-tion  to  the  demoustnilile 
change  of  parenehynia.  The  eanse  of  these  cdiansfes  is  supposed 
to  be  some  general  intoxication — alcoholic,  gouty,  syphilitic,  or  the 
like. 

Productive  inflamniatiou  may  eflVet  other  tissues  than  the  tibrons 
connective    tissues.     Reference   has   already  been    made    to    epi- 
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tlielial  prrilifemtirin  in  the  lie-aliii^^  t>f  \v(hiik1s.  Siitiilar  opitlielia! 
processes  uf  ;f  re  liter  nrtivity  ur  (hiriitioii  iiuiy  U'iu\  tu  wartx  i^rowths 
itf  tlie  skin  or  |R»ly|joitl  oiiti^nnvths  on  th«'  Trjiieniis  menihranes,  lo 
phan'Ugeal  eaturrljs  eoiLsitlemhle  pmlitenition  of  tlie  adenoid  tis- 
sues is  not  iinusnal.  80  also  tftiekening  of  *"artila^es,  hones,  or  the 
periosteum  is  not  ait  uinisual  result  of  inllaminatioii  of  these 
structures, 

8.  Hemorrliagic  InflanLmatioii. — More  or  less  c)iupeilesis  of  red 
corimsclcs  generally  occurs  in  inflanuuatiun  ;  l>ut  souietiiues  the 
irritating  cause  falls  with  such  jK^c^uliar  force  on  tfie  l>loo<l- vessels, 
or  the  general  condition  of  the  [uitient  (cancer,  tuberculosis^  iiemo- 


Kick  Slk-^tirouic  Intentitial  ncrpbrUia :  ujenl  increiute  of  eotmectire  titsne  urounil  Ihe 
glomeruli t  rvrml  tubulfsA,  and  oltxtd-YemelB :  frum  a  ciUio  of  urterlocApill&iy  fibroali. 

plilliu,  scurvy)  is  sucli  that  the  exudate  is  nnusnally  rich  in  red 
en  r  1 1 « I  se  1  cs.  Cert  a  in  mi  <  *roo  rt^a  1  li  s  u  1  s  ( o  ri;a  n  i  "^  1  n  s  o  t*  h  e  ni  o  r  r  h  ati  i  c 
septicemia)  nmre  or  Jc>s  regnlariy  ciiiisc  henKtrrhagic  iuHammation. 
Intravascular  throniliosis  and  obstruction  of  caplllurics  with  masses 
of  micrm>rganisnis  j>lay  an  im]H:irtant  part  in  causing  the  lienior- 
rhagic  exndatiniL  These  are  always  serious  in  Ham  mat  ions,  and  are 
to  be  ilistinguishcd  irmn  ordinary  intlauimatirms  in  which  acci- 
dental  ljeraorrfiaL'<"  rH/nir--. 

9,  Necrotic  or  gangrenous  inflammations  likewi^  depend  for  their 
c»ccurrence  npm  the  severity  ^f  the  irritation  or  the  state  of  the 
general  system, 

Patholog^ic  Physiology. — Inflammation  represents  in- 
creased an<l  altered  activity  ot'  tis^^ues  as  a  result  of  irritation  ;  its 
primary  obj^^ct  is  the  removal  of  the  irritant.  It  is  a  pathological 
ml  destnictive  pr<w*ess  p*:r  /te  but  considereil  fnim  tlic  }>nint  of  view 


IKFIJiMMATlOS  ASD  REiGESEMATiOX, 


127 


oiitB  icnh  (the  remo^'al  or  ( 

suhiii^  twoe  deatroctioo)  iamammmtmrn  »  gaximmMy  cswrmtit^e 
and  nflefoL  In  tUe  prooese  no  new  Ibi^ees  or  artirhifs  are  in- 
Tolved :  the  pbaMMDCBa  wm  wU  dbservrA  m  wwnai  ttasoes*  tbott^ 
to  a  less  dtgne  and  in  moi^  orderlj  bebaTior.  Tli^  Itqnid  aixl 
odlttlar  exfadmtiaa  has  its  pmtotype  in  tfa«  formatioa  of  lTni|ih  and 
in  the  oomnl  waadeiin^  cells  of  the  ti^^so^ ;  the  innwrd  ^-^ 
cnlaritr  h  the  result  of  inrreascd  demaoil,  and  b  abnonBal  in  d^ 
gree  unly  ;  the  oeilolar  di'^^tnictioa  is  an  accei^tnatioD  of  the  ortlt- 
narr  death  of  cells  resoltiiig:  fi^ioi  wear  and  tokr^  tbciosHi  the  ft^rm 
of  the  eell-destmctmo  is  motv  viokfit  and  pcvhably  diflTeft^nl ;  tlte 
piKst'inflaunniainrr  reieaienitioo  is  effected  hr  karvokiiietic  multi* 
plicataofi  of  oellay  as  m  nomal  tisEoesu 

In  the  dflstraetiiiii  aad  ranoval  of  the  irritant^  phagomosis 
(a,  t,)h  iroportani ;  it  is  aoeoinplisbed  bv  the  lenkocvic^  hv  en- 

ThoQgh  a  local  proces  tnflunniatioi]  ha^^  often  wkie<pr>pad  re- 
anlta.  The  products  of  tiasoe  change  (|Hintarv  4^11  ular  necioets, 
defeneration  of  the  emigrated  leuhorvtes,  softening  of  the  tissue 
and  coagulated  exudate)  mar  occasion  fever  and  other  evidences 
of  toxemia.  Seeoodaiy  pai^ochvmatoass  changes  bv  altering 
organic  action  may  be  highly  injiirirms  to  the  whcde  oiganism. 

The  fuDctioial  activity  of  a  part  the  seat  of  inflamination  is 
oAen  tnercasedy  thiNigb  somewhat  altered.  Ati  inflamed  gland 
may  prodoeean  excessive  but  abnormal  secretion.  In  other  cases 
functional  activity  15  les^ned  ;  chronic  inflammations  admo^t  cer- 
tainly lesisen  functioiml  action. 

Resolntiott  after  Inflammation. — In  cages  of  trivial 
exudation  the  emi^at^J  l4»uk«»c'yte^  may  re-enter  the  bIood'<?ur- 
rent  or  may  eei*;ap<*  thniugh  the  lyniphaiie^.  The  liquid  exudate 
b  similarly  dispcte^^l  of;  whil*?  tJie  pn>liferated  conaeorive-tissye 
oeUs  remain  tn  loco  or  become  wandering  cells.  When  the  exu- 
date is  moTQ  abimdant^  the  liquid  elements  may  be  removetl  in  the 
same  way,  but  the  wlU  lir«i  undergo  degenerative  soften ini:  and 
are  reduces!  to  the  form  of  an  emubiou,  which  is  ^:radually  ab- 
eorbed.  In  punileut  inflammation^  the  pu**  may  lie  disehargeil 
througli  exlenial  openings  or  into  cavities  of  the  body  or  may 
become  inspissated  (see  Purulent  Inflammation )«  The  d^eneralitl 
parenchyma  in  inflammation  may  recover  if  the  degeneration  is  not 
faevertf,  or  mav  be  g^iftentHj  and  remove*!.  Phago^-ytic  cell*  often 
ptay  a  ?  it  part  in   the  removal  of  broken-down  cellular 

remain-,  it-ma^^es,  and  the  like. 

The  reparative  chan^r<^  i"  inflammation  may  be  s«>  slight  as  to 
lead  to  no  discoverable  Ici^itm  after  the  prtxess  U  eomp!cte<l ; 
but  when  large  flamagc  ha^  be^-ii  done  there  is  apt  to  be  a  perma- 
aeut  ecar  or  some  iitber  productive  lesion. 
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REGENERATION. 

Definition. — The  term  regeneration  is  applied  to  the  forma- 
tion of  new  cells  or  tissues  to  take  the  place  of  those  destroyed. 
Regeneration  may  be  physiologic  or  pathologic.  The  former  is 
that  which  occurs  in  the  normal  life  of  the  organism  and  by  which 
the  cellular  wear  and  tear  is  counterbalanced.  Pathologic  regen- 
eration is  the  more  massive  and  oflen  atypical  reconstruction  that 
follows  disease  or  injuries.  Regeneration  is  one  of  the  essential 
elements  in  inflammation,  as  has  been  shown  in  the  preceding 
pages,  but  it  is  not  always  an  inflammatory  process. 

Btiology. — The  cause  or  mechanism  by  which  normal  regen- 
eration is  brought  about  is  more  or  less  obscure.  The  cells  have 
an  inherent  tendency  to  multiply,  and  this  goes  on  to  a  certain 
point  at  which  the  normal  development  is  complete.  This  limit  is 
probably  maintained  by  some  restraining  influence,  but  the  nature 
of  this  is  unknown.  In  the  skin  and  mucous  membranes,  where 
physiologic  regeneration  is  most  active,  new  cells  are  constantly 
prcKluce(r  and  the  older  cast  off.  In  what  manner  the  balance  is 
so  maintained  that  production  and  destruction  keep  their  equal 
pace  is  as  yet  matter  only  for  speculation.  The  idea  of  action  and 
reaction  occurs  naturally  to  the  mind,  and  it  seems  probable  that 
the  rci)rodnctive  processes  are  dependent  in  some  way  upon  the 
loss  oi  substance.  In  some  cases  the  normal  restraining  influence 
seems  to  be  deficient  and  giant-growth  results.  In  all  forms  of 
normal  or  physiologic  regeneration  the  reconstructed  cells  are 
exactly  like  the  pre-existing  cells,  and  the  status  of  the  tissue  is 
unaflected.  In  nighly-specialized  cells,  such  as  those  of  the 
nervous  system,  regeneration  seems  to  be  intracellular — that  is, 
the  wJIs  are  constantly  rejuvenated  by  supplies  of  nutriment 
rather  than  reproduced  in  toto. 

In  pathologic  regeneration  there  seems  to  be  abnormal  stimu- 
lation of  the  reproduction  of  cells  as  well  as  a  reduced  restraint. 
It  is  not  improbable  that  various  toxic  substances  have  the  power 
of  stimulating  the  formative  process,  though  this  has  not  been 
actually  demonstrated.  In  all  cases  in  whic-h  regeneration  follows 
mechanical,  thermal,  or  toxic  causes  there  is,  first,  destruction  of 
cells,  and  following  this  regeneration.  In  such  cases  the  relief 
from  the  accustomed  pressure  may  serve  as  a  withdrawal  of  re- 
straint, but  at  the  same  time  there  is  doubtless  augmented  form- 
ative energy.  The  latter  may  result  from  the  same  agency  as 
that  which  caused  the  primarj'  cell-destruction,  or  it  may  be  due 
to  the  influence  of  formative  irritants  derived  from  the  dying  and 
dead  cells.  The  demonstration  that  micro-organisms  are  able  to 
produce  substances  having  a  strong  attractive  or  repellant  influence 
upon  leukocytes  gives  some  warrant  to  the  belief  tliat  similar  sub- 
fUuices  are  at  work  in  the  regenerative  changes  that  accompany 
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bacterial  diseases.  In  the  case  of  tissue-destruction  due  to  other 
causes  siniiliir  products  possibly  play  a  part. 

Pathologic  Anatomy- — In  tlic  n<iruial  regeneration  of  cells 
the  prfj€Oss  is  one  of  gradual  cell'muifipfi  cat  tort  without  marked 
chan^jes  of  any  sort.  Pathologic  rejjeneration  may  be  equally 
simple,  but  more  ofYen  there  are  eomplieated  changes  in  the  pre- 
existing tissues  and  new  ibrniation  of  I dood' vessels  preceiling  or 
accompanying  the  n^genenition.  The  vaseidar  regeneration  is  a 
neressar)^  preliminary,  having  the  pui*|Hise  of  ^uj^plyiug  abundant 
Dutriment  to  the  tissues  undergoing  proliferation. 

Celt-muUiplicalion  occurs  in  two  ways^  tlie  direct  and  the  in- 
direct. The  former  nu^hod  is  <»ue  of  simple  cleavage,  l*y  which 
the  cell  is  divided  into  two  or  nu>re  purts.  Tliis  muile  of  division 
is  unusual. 

AmiiodM  or  dlnci  veil  illvkioji  is  a  retrogmde  process  iu 
every  instance.  In  some  eases  it  is  simply  a  fragmentaiiou 
of  the  nucleus  owing  to  altered  conditions  in  the  cell  and  pn>l> 
ably  not  in  any  sense  an  attempt  at  cell  division,  When 
nnmenms  fmgnients  ure  formed ^  and  s(mie  growth  of  t lie  nucleus 
attends  the  jirocess^  giant  cells  may  result  because  the  protoplasm 
does  not  divide. 

Evidences  of  degeneration  of  the  protoplasm  are  apt  to 
be  met  with  in  such  cells.  Of  these  vacuolization^  gnmular 
or  hyaline  change,  fatty  degeneration,  and  even  calcification  may 
occur. 

The  common  metlind  is  called  indi reef  .^erpncntatifm,  kftrjiokincslM, 
or  kari/omitosis.  In  this  method  complicated  changes  begin  in  the 
nucleus  and  fiiuilly  lead  to  division  of  the  cell  into  two  or  rarely 
into  several  parts.  It  is  unnecessary  to  refer  to  the  histologic 
stages  in  detail^  but  in  a  general  way  we  may  describe  the  pnjcess 
as  follows  :  (1)  the  uucIpus  of  the  cell  enlarges  and  the  chrnmatin- 
fiiiers  become  thicker  and  less  closely  woven  than  normal ly  ;  (2) 
U->haped  loops  of  chromatin*fibers  arrange  themselves  around  a 
central  clear  space  or  polar  field  to  form  a  mofher-wrealh  ;  (3)  these 
hiops  then  midergo  liMigitudinal  cleavage  and  the  separated  parts 
move  one  to  one  pole  and  tlie  other  to  the  (jpjKjsite  pole  of  the 
cell,  firming  fkntf/httr-starft,  which  eventually  Ijecome  coarse  and 
then  fijie  skeins  of  new  nuclei ;  (4)  the  p^^toplasm  of  the  cell  finally 
divides  and  the  process  l>eeomes  complete. 

Abnormal  iMl-diviaion. — Tiiere  are  certaiTi  disorders  of  cen-multiplica- 
tioD  that  may  be  here  deseribed.  Karyokinesisp  inj^tead  of  being  a  regular 
prrjcess  of  diviHian  of  the  nucleus  into  two  daughter  iiucleij  may  proceed 
irre^larly.  SometiiDcs  the  process  is  a»ijmmdric — t.  c,  doe^**  not  lead  to 
equal  division;  in  other  canea  it  is  multimkir^  several  instead  of  two 
daughter-nil  el  ei  resulting.  Other  leas  definite  irregularities  are  sometimes 
obeerved,  and  nome  have  held  that  cell-division  may  occur  by  a  proceaa  of 
tnired  karyokineaia  and  amitosis.     It  is  important  to  recognize  that  some 
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of  the  forms  of  nuclear  degeneration  (karyorrhexis ;  hyperchromatosis) 
may  be  mistaken  for  normal  or  abnormal  karyokinesis.  Pathologic  karyo- 
kinesis  is  most  frequently  seen  in  malignant  tumors. 

Pathological  Regeneration. — In  its  simplest  form,  as  for  instance 
after  a  very  slight  injury  to  the  cornea,  regeneration  occurs  by  a 
direct  replacement  of  the  injured  cells  by  multiplication  of  the 
cells  of  the  same  kind  at  the  point  of  injury.  The  intact  cells  be- 
come somewhat  swollen,  then  undergo  ordinary  cell  division  and 
new  cells  are  formed.  In  the  reconstruction  of  surface  epithelium 
involving  to  some  extent  the  underlying  tissues,  as  in  lesions  of 
the  mucous  membranes  or  skin,  the  surface  epithelium  under- 
goes the  same  kind  of  multiplication  as  that  just  described  and  the 
mass  of  new  formed  cells  dips  down  somewhat  into  the  space 
caused  by  the  injury.  In  the  deeper  tissue  new  formation  of  con- 
nective-tissue takes  place  in  the  manner  already  described  under 
the  head  of  the  Healing  of  Wounds  and  to  be  presently  discussed 
more  fully.  In  the  subsequent  stages,  the  redundancy  of  epithe- 
lium caused  by  the  dipping  down  of  the  mass  of  new  cells  into 
the  injured  area  is  re<luced  by  condensation  and  gradual  disap- 
pearance of  some  of  the  cells  so  that  eventually  the  epiderm  or  the 
layer  of  epithelium  on  the  mucous  surfaces  does  not  differ  from 
that  in  the  surrounding  {)arts.  When  large  areas  of  epithelium 
have  been  destroyed,  the  replacement  of  the  epithelial  covering 
occurs  by  gradual  increase  of  the  cells  at  the  periphery  of  the 
denude<l  area  until  in  time  the  whole  surface  becomes  covered. 
When  skin  grafting  is  practiced  by  the  surgeon,  a  similar  growth 
of  the  epithelial  cells  starts  from  each  of  the  grafts  placeil  upon 
the  denuded  surface. 

Regeneration  of  Pibrons  Oonnective-Tissne. — In  all  cases  of  exten- 
sive injury  the  connective-tissues  take  an  active  part  in  regener- 
ation and  in  the  case  of  highly  specialized  tissues,  new-formed 
connective-tissue  takes  the  place  of  the  specialized  tissue  which 
itself  is  less  capable  of  regeneration.  There  is  almost  always  an 
excess  of  cellular  repwHluction  and  consequently  an  enlargement 
of  the  part  aflfected  by  the  injur}-.  Subsequently  the  cells  con- 
tract and  thus  the  bulk  of  the  new  tissue  approximates  that 
destroyed.  The  new  tissue  must  of  necessity  be  more  firm,  as  a 
larger  number  of  cells  are  condense<l  in  tfie  space  previously 
occupied  by  a  lesser  number. 

The  important  processes  in  regeneration  of  the  connective 
tissues  are  :  swellingand  multiplication  of  the  connective-tissue  cells, 
migration  of  the  new  cells  into  the  area  of  injury,  and  the  formation  of 
new  blood-vessels.  The  old  connective-tissue  cells  increase  in  size 
and  then  undergo  division  by  mitosis  of  the  nuclei.  As  a  result  new 
celk  of  rounded  outline  and  with  rather  pale  nuclei  result.    These 
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to  undergo  a  change  ol  torni»  uecuraing 
shaped  or  irregukir  in  outline  (Fig*  .^ 
36).  It  is  these  cells  wliich  are  ac- 
tive in  the  hnal  restoration  of  the 
tiasnes  and  the  terms  **  formative 
cells'*  an*!  '*  tibro-blasts*'  arc  there- 
fore appmprintc.       When   tlie  new 


Fro.  37.— Fortnutinn  fkf  new  blornl- 
vestscb.  as  s>i*i*u  in  tlit*  tail  of  a  tadpole 
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cells  have  been  formed,  increase  of  intercellular  snbstance  takes 
place.  The  IiIhtIs  may  he  derived  from  the  cells  themselves  by 
separation  of  lilanieotous  prolongs tion^  growing  out  from  the 
pointed  extremities  nf  tlic  spindle  cells,  or  tliey  may  rcsnlt  from  a 
eleaviigc  of  a  homogcncuus  intercellular  substance  in  which  tlic 
cells  an*  at  first  imbedded.  This  intercellular  substance  doulitlcss 
is  a  product  or  a  secretion  of  the  cell.  In  either  case  tlje  fibrils 
are  essemtially  a  result  of  cellular  activity.  In  the  later  stageg 
of  connective-tissue  regeneration,  the  fil>rils  contmct  and  the  tissue 
thus  l)ecomes  mure  c< impact  especially  when  the  amount  of  iuter- 
cellular  substance  is  excessive.  The  cells  at  the  same  time 
decrease  in  size  and  some  are  s<^>  compressed  as  to  be  almost 
ohlitcrated.  It  is  characteristic  of  newly  ibrmcd  connective-tissue, 
however,  that  np  to  the  latest  stages  tbe  tissue  is  more  cellular 
than  normal  tissue. 

New-formation  of  blofMl-vessels  is  an  important  factor  in  regen- 
erations of  conne*'tive-tissue  when  the  extent  of  injury  has  been 
eonsidei-able.  Kepair  of  very  trifling  injuries,  sueh  as  an  incised 
wound  followed  l>y  a  close  appisition  of  tbe  injured  surfaces, 
does  not  involve  nny  new  formation  of  blowl-vesscla  thtaigh  the 
pre-existing  vessels  lieeome  somewhat  hypcremic.  Wheu  the 
injur)'  is  more  extensive  vascularization  is  a  necess^rv  step  in  tlie 
repair.  The  new  vessels  result  from  extensions  from  the  pre- 
exigtmg  vessels.  (Fig.  .17.)  The  endothelium  nf  the  caj>illarics 
becomes  swollen  and  here  and  there  processes  are  sent  outwanl. 
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These  may  unite  with  similar  processes  from  adjacent  capillaries 
or  from  the  same  one  at  a  point  somewhat  distant,  and  central 
vacuolization  may  convert  the  loop  into  a  primative  channel  which 
eventually  becomes  a  fully  formed  capillary  by  multiplication  of 
the  endothelial  nuclei  and  formation  of  definite  endothelial  cells. 
Sometimes  the  new  vessel  is  formed  by  parallel  outgrowths  from 
aiJjacent  endothelial  cells  of  the  parent  capillar)^  leaving  a  space 
l>etween  the  new  formed  cellular  extensions.  Such  new-vessels 
orx'ur  around  the  site  of  injury  and  project  in  the  form  of  loops 
int^>  the  area  of  injur)'  itself,  being  surrounded  by  the  newly 
form<.*<l  connective-tissue  cells  alx)ve  described.  Usually  the  area 
of  injur)'  is  first  filled  with  a  blood  clot  or  coagulated  exudate 
derivffd  from  the  injured  tissues.  This  forms  a  matrix  in  which 
the  newly  formed  connective- tissue  cells  migrate  and  the  capillary 
Kx>pH  project.  The  clot  or  coagulated  exudate  is  subsequently 
'd\}j¥}r\}in\  as  the  process  of  cellular  replacement  advances.  The 
young  <^>nnective  tissue  thus  formed  later  contracts  and  the  small 
bhKKl-vessels  are  largely  reduced  by  compression  so  that  the 
apiKTunince  of  the  tissue  may  become  that  of  a  quite  avascular 
htrnctiire. 

In  regeneration  of  connective  tissues,  elastic  fibers  are  not 
o\mtTyiti\  in  the  earlier  stages.  Subsequently  they  are  formed 
mon;  c»r  leas  abundantly. 

Regeneration  of  cartilage  and  bone  takes  its  origin  from  the 
IMfrichondrium  in  the  former  case  and  from  the  periosteum  or 
marrow  in  th(»  latter.  In  both  instances  embryonal  connective- 
tissue  such  as  that  which  occurs  in  regeneration  of  fibrous  connective 
tisHUc*s  is  first  formed.  Later  in  the  case  of  cartilage  areas  of  homo- 
gen*  ous  intercellular  substance  appear  and  thus  cartilaginous  sub- 
stance? is  rh»v«*loped.  Very  commonly,  however,  regeneration  of 
fracturesof  cartilages  is  mainly  fibrous  and  there  may  be  little  if  any 
true  cartilage.  Regenenition  of  bone  in  the  case  of  fractures  procee<ls 
in  much  the  same  fashion,  an  abundance  of  cellular  tissue  first 
appftaring  around  the  fractureil  ends  of  the  bone,  within  the 
narrow  cavity  at  the  point  of  fracture,  and  between  the  broken 
ends  of  the  brme.  In  this  embryonal  connective-tissue  branching 
and  Hidiating  columns  of  rudimentary  osseous  tissue  appear  as  a 
8<irt  of  network  in  which  complete  ossification  occurs  at  subse- 
anent  stages.  Here  and  there  areas  of  cartilage  may  also  appear. 
Later  much  or  all  of  the  embryonal  tissue  around  the  fracture  and 
within  the  narrow  cavity  is  absorbed  and  the  repair  of  the  fracture 
18  made  complete  by  thorough  ossification  of  the  part  between  the 
eoA»  of  the  Ixme. 

Baceneration  of  adipose  tissue  begins  with  a  formation  of  fat- 
finee  cellular  tissue.     liiter  the  cells  become  infiltrated  with  fat. 

Segenention  of  Mnscle  Tissue. — Striated  muscle  after  injury  or 
excision  is  capable  of  some  regeneration  by  a  multiplication  of  the 


INFLAMMATION  AND  RFMENERATIOK 


133 


muscle  cells*  The  area  of  destruction  is  first  occupied  bj  regener- 
atiugeonneetive-tissue  into  wliicli  irregular  ]»rotfn>lasmie  projeetions 
from  the  emls  uf  the  divided  uuiscIl"  HIuts  extend,  Sul)j^e(jucMidy 
thei^  elongate  aud  forui  new  innsck-  iWiiT^  bnt  they  are  apt  \\\  I  e 
narrow  aud  more  or  less  irregularly  arranged  s\\  tliat  the  regener- 
ation is  mrely  complete. 

No  typical  regeneration  of  smooth  nmsele  takes  place  l>ut  con- 
nect ive-ti.s.s  ne  fortuation  (K^curs  iuste:i<L 

RegcneratioE  of  Glandular  Organs. — In  epitlielial  glandular 
organs,  snch  as  the  li%er,  kithiey,  mamuniry  gluiid  or  sidiviiry 
glands,  eoiisiderabh^  new  formation  of  epithelial  cells  may  take 
place.  As  a  rule  this  regeneration  prot*eeds  frnm  tlie  epillielial 
ducts  or  canals  nitlier  than  from  the  propiT  tiecreting  cells.  In 
the  liver^  there  may  he  active  prolifenitiou  of  e<41s  and  formation 
of  new  biliary  dnets.  This  is  sieu  lu  exj)erimeutal  iujnries  aud 
also  in  association  with  some  forms  of  cirrhosis.  The  liver  cells 
themselves  show  little  tendency  to  regeueratiou  thongh  mitoses 
may  commonly  be  found.  In  the  case  of  the  kitliiey,  regcuenition 
mayaffet:t  the  cells  of  the  stndght  tuhules,  while  iu  the  mammnry 
glands,  salivary  glands  aud  the  smullerglauds  of  mucous  mend»ranes 
new  formatiuu  of  aeiui  :uul  duets  proree<ls  from  the  smaller  excre- 
tory ducts  of  the  at1'eete<l  glands.  Iu  this  way  an  atypical  gland- 
ular stnictnre  may  result.     {This  will  be  discntrsed  under  Adeuojua), 

Eegeneratioii  of  Nervous  Tiasue* — Nerve  fibers  are  caj>uble 
of  eonsidemble  rcgcnemtiou  which  proceeds  from  the  sheath  of 
8<*hwaun.  The  axis  cylinder  an*!  medullary  snl)stauce  are 
differentiatKl  within  the  sheath  aud  the  new  axis  cylinder  is  possibly 
in  a  nu-asure  an  ontgrowth  from  the  end  of  the  existing  axis  cylinrh'r, 
Regenemtioji  of  the  nervous  fibers  in  the  brain  and  ror<l  takes 
place  to  hut  a  slight  extent.  Injuries  here  arc  usually  repaired 
by  the  formation  *>f  new  connective-tissue  and  regenerating  glia. 
The  large  uudtip<>lar  nerve  cells  seem  to  be  capable  of  inter- 
eellular  repair  after  jjnrtial  injuries  hut  complete  regeneration  is 
rarely  if  ever  accomplished^  It  is  jiossible,  however,  that  they 
may  be  ea]>able  of  limite^l  proliferation  as  such  cells  oecur  in  cer- 
tain tumf^rs. 

Pathologic  PliyBiology. — Regeneration  is  tlie  more  or  less  effect- 
ive effort  of  nature  in  rejilace  iujure*l  or  excised  tissn**.  The 
restomtion  is  complete  in  j)ropurtinrj  as  the  tissues  lack  in  higlter 
organization  aud  diflereutiatiou,  1'he  younger"  the  individual  the 
more  complete  the  regeneration  of  his  tissues  and  the  lower  the 
type  of  tissue  the  more  complete  will  be  it.s  restoration.  In 
glandular  organs,  though  some  proHferation  of  epithelial  structures 
occurs,  the  new  formed  glauchdiir  elements  are  but  little  capidile 
of  glandular  activity.  Newly  deveh>ped  nervous  tissue  is  least 
capable  of  restoring  the  original  functitm. 
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METAPLASIA. 


MetaplaBia  is  the  term  applied  to  the  transformation  of  one 
form  of  tissue  into  another  without  the  intervention  of  a  stage  of 
regeneration  by  eelluiar  multiplication.  In  many  instances  the 
change  consists  of  a  transformation  of  the  intercellular  substance, 
as,  for  example,  when  ordinary  connective  tissue  is  converted  into 
myxomatous  tissue,  or  fibrillar  connective  tissues  are  altered  to  car- 
tilaginous or  even  bony  tissue.  The  cells  themselves  suffer  second- 
ary changes.  In  other  cases  of  metaplasia  the  cells  may  l>e 
primarily  altered,  as  when  ordinary  connective  tissue  is  changed 
to  fatty  tissue. 

The  metaplasia  of  epithelial  cells,  as  for  example,  a  change  from  cylin- 
drical to  squamous  cells  on  the  surface  of  mucous  membranes  has  been 
doubted  by  some  authorities.  They  assume  that  such  apparent  trans- 
fiirmationH  are  duo  cither  to  ingrowths  of  the  new  order  of  cells  from  sur- 
rounding areas  or  by  onlaivements  of  islets  of  mucosa  covered  with  such  cells. 
KxpcrimentM  as  those  of  Fiitterer,  however,  prove  beyond  doubt  that  meta- 
plasia does  occur.  In  this  process  not  only  the  old  epithelia  are  altered  by 
the  changed  conditions  but  the  new  formed  epithelia,  under  the  altered 
conditions  of  environment,  develop  into  the  new  order  of  cells  rather  than 
into  the  parent  form. 

Tho  U^rm  ^Wetrograde  changt'*  (Ribbert)  has  been  applied  to  an  alteration 
of  cuills  in  which  under  pathologic  conditions  a  lower  order  of  differentiation 
is  aiMumed,  but  in  which  the  new  order  of  cells  do  not  accjuire  specific 
characteristiw  of  a  different  sort  Thus  cylindrical  epithelia  of  gland- 
ular tubules  may  be  changed  to  cuboidal  cells  lacking  the  original  func- 
tional cluiracters  and  not  possessed  of  a  new  function  such  as  would  be  the 
case  with  squamous  cells.  Similarly  in  the  atrophy  of  striped  muscle  non- 
NtriattMl,  narrow  tUn^rs  with  abundance  of  nuclei  give  evidence  of  a  retro* 
gradt«  change  toward  embryonal  conditions. 


CHAPTER  VI. 

PR0QRE5SIVE  TIS5UE-CHANQE5. 

TlIIH  torni  may  Im»  useil  to  designate  pathologic  conditions  in 
whi(!h  thort>  \^  a  dWided  tendency  to  formation  of  new  tissue. 

HYPERTROPHY. 

Defltlitlotl. — Tlie  term  hyj>t»rtrophy  is  applied  to  a  jjathologic 
condition  in  whioli  a  ivrtiun  jiart  increases  bevond  the  normal 
hIim^i  without  inarkiHl  altoratiomi  fn>m  the  normal  stnicture.  The 
term  hyiM»rtrophy  is  frtH|nontly  usoii  loosely  to  designate  enlarge- 
monta  ol  various  kinds  in  which  hut  one  tissue  of  an  organ  is 
inoroAHod,  or  in  which  then'  is  doj)osit  of  abnormal  exudate.  Such 
inatenoM  aro  not,  strictly  speaking,  cases  of  hypertrophy. 
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l^tiolof^. — The  causes  of  hypertropliy  arc  quite  Bnnifnius, 
floret.'  cases  there  is  a  distinct  iiiereaj^  of  functional  demand 
brought  about  in  some  way  or  ijther,  a.s  in  the  hypertrophy  of  the 
mu^es  of  athletes  ;  in  the  hyjK^rtrophy  of  a  kidney  after  disease 
»  removal  of  its  feUow  ;  or  in  tlie  hypertrophy  of  a  limb  after 
tnjun*  to  the  opposite  limb.  The  direct  increased  demand  for 
work  occasions  the  liyuertropliy.  Sonnet ime?*  there  appears  to  be 
SL  special  tendency  to  hypeitrophy,  iks  is  evidenced  by  the  occur- 
rence of  congenital  or  hereditary  giant  grt>wth.  Most  of  these, 
however,  are  instances  of  p€»euliar  and  abnormal  deveb:ipment, 
rather  than  of  hypertrophy,  the  latter  being  a  condition  developed 
pathologically  in  parts  previously  well  formed.  Disturbances  of 
the  nervous  system  may  play  a  part  in  the  development  of  some 
hypertropliies,  but  these  influences  are  obscure.  Continued  conges- 
tion undoubtedly  stimulates  tissue-growth^  but  this  element  is  the 
means  wliereby  hypertrophy  is  effected  rather  than  the  original  cause. 

Pathologic  Anatomy,^ Parts  the  seat  of  genuine  hyper^ 
trophv  are  uniformly  increased  in  size.  This  is  well  seen  in  the 
eondition  termed  giant  growth^  or  giganHsm,  in  which  the  bony 
faimework  and  other  tissues  may  be  uniformly  affected ^  the  indi- 
^rtduml  growing  to  excessive  size.  Sometimes  local  giant  growth 
of  the  skeleton  and  external  tissues  is  obser%^ed,  as  in  the  case 
of  one  member  or  a  single  finger.  This  has  often  bcK'n  found  in 
eorre8i>onding  members  on  the  two  sides  of  the  body.  In  certain 
eases  termed  hypertrophy,  in  which  this  designation  is  more 
or  less  justified,  kek  of  uniformity  in  the  increase  of  the  organ  or 
part  affected  causes  irregular  increase  iu  size. 

Histologically,  hypertrophy  may  be  mmph'  or  fme  h/pmirophyj 
and  numerical  (hyperplasia).  In  the  former  there  is  increase  in 
the  siJce  of  the  individual  cells  ;  in  the  latter  the  cells  increase  in 
number,  though  the  individuals  are  not  excessive  iit  size^  and 
indeed  often  smaller  than  the  normal  cells.  In  the  hypertrophy 
of  the  uterus  during  pregnancy  and  of  the  heart-muscle  in  cora- 
fet^tLtory  enlargement,  simple  hyj>i?rtroj>hy  predominates,  Hyper- 
pljuaa  L«4  very  commonly  a  factor  in  liypertrophy  of  any  kind,  but 
tamy  be  so  strictly  limited  to  one  tissue  of  an  organ,  notably  the 
connective  tissue^  that  the  term  hypertrophy  is  in  no  way  appli- 
cable. Between  these  extremes  there  are  all  grades  of  cases,  in 
many  of  which  it  is  difficult  to  detemiine  w*hether  the  designation 
hypertriDphy  is  applicable  or  not.  In  some  cases  the  clinical  desig- 
nation hypetirophic  eniarf/ernfiH  is  used,  though  the  condition  is 
•trictly  one  of  hyperplasia  of  the  connective  tissue,  with  a  ten- 
denc)'  rather  to  atn>phy  than  hypi?rtrophy  of  the  pmper  substance 
of  the  oigan.  Instances  *»f  this  are  hypertrophic  cirrhosis  of  the 
Krer,  some  cases  of  hypertn_>phy  of  the  heart-muscle,  etc. 

Pathologic  Physiology,' — Hypertn>i>hy  results  from  an 
iafjr^njed  demand  upon  an  organ  or  member,  and  leads  to  increased 


136 


TEXTBOOK  OF  PATHOLOnv, 


fiinetioriLil  eapacity.  Thus  in  tlie  ciiso  of  a  iliseased  kidney  the 
oppcfcsite  kidney  may  he  capalile  of  cotnpojisating  for  tht*  defi- 
cieritT  ;  in  tlif  case  of  laborers  the  enhir|2;ed  ninseles  may  meet 
every  demand  made  upon  tlteni.  Tliere  are  oecasional  inntanees 
of  mtire  or  less  genuine  liypertrophy,  resulting  from  diseased  con- 
ditions, in  whieh  the  excessive  functional  eapacity  causes  marked 
disturbances,  as,  for  example,  in  case  of  enlargement  of  the  tliy- 
roid  gland. 


TUMORS. 

Synoii3mis. — New-growth,  Neoplasm,  Pseudoplasm. 

Defiuitioo. — Tn  its  broadest  etynioiogic  signiticumce  the  term 
tnmor  designates  an  abnormal  swelling  in  any  part  of  the  IkkIv. 
Thie  definition,  however,  is  not  applicable  to  tumors  in  the  ordi- 
nary sense.  Inflammatory  gmwtlis  and  collections,  such  as  ab- 
»ceBseg,  hyperplastic  dciMjsits,  and  the  like,  are  excluded.  Path- 
ol ogists,  Itowever,  liave  always  found  it  difficult  to  construct  an 
aeeumte  definition  for  tumors  or  to  draw  sharp  lines  of  separation 
between  them  and  the  inflammatory  or  infections  swellings  that 
occur  in  various  diseascHl  conditions.  An  attempt  to  establish  an 
ultimate  bounilar\'«line  is  eviilcnced  by  the  term  mdonovious  nei/v 
growths  applied  by  Thtjma.  This  name  is  used  to  designate  the 
snpposed  spontaneous  origin  of  new-growtlisand  their  indi^pendenee 
of  ordinary  <'auses,  such  as  nre  recognized  in  the  prfxluctiun  of 
inflanrmat^jry  outgrnwths  and  the  like.  It  cannot  be  said*  how- 
ever, that  tnmors  are  ea useless,  and  in  the  discii&sion  of  the  eti- 
ology we  shall  have  occusinn  to  refer  to  certain  definite  factors 
known  to  aid  in  their  prcMluctiun.  It  is  true,  however,  that  the 
growlh  fif  tumors  is  practically  always  out  of  proportion  to  the 
amount  of  local  irritation  or  to  the  severity  of  other  factut*s  that 
may  be  conceivetl  as  |>laying  some  jiart  in  the  etiology  ;  and  in  the 
great  majority  of  cases  the  amses,  whatever  they  may  l)e,  are 
ol)scure  or  unknown,  A  negative  definition  perhaps  best  suits  for 
the  delimitation  of  this  term  tumor.  Thus  we  may  exclude  from 
the  c^itegory  of  tumors  all  swellings  in  which  s<jme  sufficient  cause 
is  diseovemble,  and  include  the  ap|mreutly  causeless  growths 
among  the  true  tnmors.  A  furtlicr  eharacteristie  of  tumors  is  their 
iudependence.  Excepting  tiie  l)lm>d  supply  there  seems  to  be  no 
dependence  on  the  organism  in  which  they  oeeur  and  they  con- 
tribute nothijig  to  the  emiti nuance  of  its  life  and  its  integrity, 
N(>r  is  tliere  any  apjiarcjit  restraint  to  the  indefinite  growth  of  the 
tumor  comparable  to  that  whic*h  kecjis  normal  growth  and  even 
pathologic  proeesses  of  other  kinds  withiii  certain  bounds. 

Despite  all  of  these  ciiaracteristics  tlu^re  are  cases  in  which 
pathologists  canncit  determine  positively  whether  certain  growths 
are  to  be  classified  as  tumors  or  some  other  conditions. 
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Etiology,— A  great  nuojliiL'r  of  theories  have  been  en tertiii  tied 

to  explain  the  causation  ^if  tninors. 

Among  the  older  writers  there  was  a  disposition  to  attribute 
the  iKHjurreUi'e  oi' tmnorj?  tti  a  nmsittHrfotud  tli/sn-a^ia^  or  a  iliseai^cd 
state  of  tlie  Hiiids  t>f  the  IhmIw  Tliis  explanation,  hc*\vever^  is 
bajsed  entirely  iipun  s^upjnssition,  and  is  mast  unsatisthetory  in  that 
the  as^simied  ilvfecra^ra  is  as  dirticult  to  explain  as  the  tumor  sup- 
pisetl  to  result  from  it. 

Recently  a  numl>er  «>f  more  t*laborate  theories  have  been  eon- 
htnic'ted  that  resemhle  this  older  one,  in  ascribing  the  growths  to 
H>me  f»rm  cd"  disturbance  td'  vital  activity  and  v>f  eell-proliicratit»n| 
witluait  explaining  tlu'  cause  of  siicli  ilisturbance,  Fnr  example, 
\vc  may  refer  to  the  thenry  that  tuninrs  result  from  a  reirognide 
ehange  in  vital  properties  of  ecrtaiu  eel  Is,  sn  that  tlu^y  teud  toward 
the  original  ehamcteristies  of  the  germ-cells  ami  multiply  in  a  pur- 
jKjseless  and  indeterminate  nianner.  This  theory-  was  bused  upon 
the  fact  that  asyuimetrie  karynmitosis  is  iVe(punlly  obHTvetl  in 
tumors.  It  was  assumed  that  in  this  uiH'i|ual  divi>i<ui  of  the  cells 
the  peculiar,  differentiating  {puiHties  of  tlie  cell  are  east  of!'  with 
the  smaller  portion  causing  the  larger  in  the  course  of  sevenil 
generations  to  IwH-nme  ajiaphwtit*  ar  rvtrogrddiH],  It  has^  however, 
been  shown  that  the  same  sort  of  asymmetric*  mitosis  also  occnrg 
in  non-tumorous  eonditinus  ;  and  an  additinnal  tketor  tliat  must 
entt^r  into  the  theMry,  the  nature  of  the  stimulus  that  eatises  the 
anaplastic  cells  to  proliferate  actively,  is  wholly  unexplained, 

^Vnother  theory  would  explain  the  occurreut^e  of  new  growths 
fiomewliat  upc»n  the  basis  of  infection,  assuming,  instead  of  an 
exogenous  infection  witli  nderoorgajnsms,  an  endogenous  infect iuu. 
This  was  suggested  iiy  thv  discovery  of  leukocytes  within  the 
tumor-cells.  The  nuthor  uf  tlris  theory  ixplaius  that  iu  vou- 
fiequenee  of  some  thernjii",  chemical,  or  other  irritation  certain 
eeUs  may  become^  so  to  speak,  infections,  assuming  the  rtllr  of  a 
S|>erm-ccll  and  stiuiulating  the  adjacent  cells  to  abnormal  multi- 

1>lic4iti«»n.     Such  theories,  iiowever,  are  entirely  s|>eculative,  and 
eave  the  etioh\gy  as  little  settled  as  Iteforc. 

Virchow  strongly  advocated  the  theory  of  eMertufi  irnfation^ 
and  was  aide  to  cite  numerous  examples  of  tunu»rs  thut  had  arisen 
in  consequence  of  more  or  less  defirdte  traumatism.  Thus  iu  cases  of 
f^arcinonia  of  the  breast,  in  the  epithelioma  occurring  on  the  lips 
in  pipe-sm<^ikers»  and  in  the  epithelioma  of  chimney-sweeps,  tluTc  is 
at  times  a  definite  iiistory  of  unu>ual  irritatirm,  aud  the  relation  of 
caus*J  and  effect  seems  easy  traceable*  It  must  b*'  admitted, 
however,  that  there  is  some  i'urther  underlying  cause  which 
renders  ojie  individual  liable  to  tumor-growth,  while  another  is 
not  thus  predisposcfb  aufi  tiiough  it  is  proljable  that  some  tumorsi 
owe  their  origin  to  irritation  as  the  exeiting-eanse,  all  cai«es  can- 
not thuB  be  ejc plained. 
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Coholieim  advaocf^rl  the  interc^sting  theon'  that  defepfivc  devef- 
apmmt  lies  at  the  basis  of  tumor- format  ion*  Accorilin|^  to  his 
theory,  there  are  frequently  einall  errors  of  development  leading 
to  the  inclusion  or  misplaeement  of  portions  of  the  original  blasto- 
derm in  the  midst  of  tissues  deri%*ea  fn>m  a  different  layer  of  the 
embiyo.  These  inclusions  or  emhryonie  restH  are  independent  of 
the  function  of  the  ]>art  in  which  they  lie,  and  are  assumed  to  be 
liable  to  subsequent  sprouthig  with  the  consequent  formation  of 
tumors.  There  is  evidence  tliat  this  theory  contains  a  certain 
measure  of  trtith,  and  s<ime  tumors,  as,  for  example,  ct^rtam 
ovarian  growths,  tumors  of  the  jtarotid  region,  and  others,  seeni  to 
originate  in  tliis  way.  The  tlieyr)%  however,  is  not  by  any  means 
UDiver!!jally  applicable,  and  it  leaves  unexplained  the  final  prolif- 
eration «»f  the  embryonal  rests  that  ha«l  previously  remained  dor- 
mant. The  assumption,  however,  that  such  rests  wouhl  quite 
readily  take  on  active  growth  as  a  result  of  various  simple  irritations 
or  wlien  the  vitality  of  tlie  part  was  stimidated,  is  ha^a  forced  than 
that  which  wouhl  attribute  such  proliferative  activity  to  cells  in 
their  normal  relation  to  surrounding  tissues.  Similar  conditions 
may  be  brought  about  by  disease  or  injury  of  various  tissues.  If 
certiiin  cells  or  j)arts  of  tlie  tissue  are  displaced  from  tlieir  normal 
relations  to  the  surrounding  structures,  the  same  conditions  are 
established  as  by  the  embryonal  displacement  of  portions  of  tissue. 
Xot  improl^ably  this  sonictinu's  tx?curs  either  as  a  result  of  acci- 
dent or  of  (Urease  ami  subsequently  tlie  displaced  iwjrlions  may 
pmve  the  starting  point  of  tumor  growth.  liecently  some 
authorities  have  insisted  upon  this  as  a  frequent  occurrence  and  a^ 
explanatory  of  many  tumors.  Experiments  have  shown  that 
certain  types  of  epithelium  (epidermis)  botli  adult  and  fetal,  as 
well  as  certain  fetal  connective-tissues  (cartilage)  nuiy  be  exj>eri- 
nientaliy  removed  from  their  U(>rmal  j>ositi4m  and  implanted  in 
another  part  of  the  same  animal  and  still  retain  their  potentiality 
of  growth.  Sucfi  transplanted  fetal  tissues  do  not  continue  to 
reproduce  the  fetal  stage  but  tend  to  reproduce  the  ultimate  stage 
of  the  transphiJitcd  tissue.  Furthermore  in  no  case  bus  there 
been  found  any  infiltration  of  surrounding  tissues  bv  transplanted 
tissue,  nor  any  tendency  U\  metastasis.  All  of  this  shows  that 
there  is  something  additional  iu  thedevelupment  of  tumors  beyond 
the  mere  dissociation  of  structures  from  the  surrounding  tissues. 

Recently  an  tn/rrfioaii  eharncfrr  has  been  as<!ril>ed  to  malignant 
and  benign  growths,  and  there  is  no  doubt  that  in  c<*rtain  respects 
tumors  resemble  infectious  prwesses  of  definite! v  ascertained 
kinds.  Their  effect  u\ym  the  general  liealth  and  their  tendency 
to  metastasis  are  very  significant  facts.  Furthermore  the  discovery 
that  various  pathologic  proeesst*s  chartietcrized  bv  nodule  form- 
ations resembling  tumors  in  gross  appearance  are  in  reality  infect- 
ious growths   lends  color  to  the  suspicion.       The  resemblance  of 
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such  growths  to  tumors  is,  however,  merely  HiiperfieiaL  As  far 
as  mottiBtasis  is  eoiicernefl  tumors  differ  iiotiil>iy  from  infections 
for,  io  tlie  former,  parts  of  tlie  growth  itself  are  coiiveye*!  to  some 
place  at  a  distance  from  the  starting  i>oiot,  tiiere  to  jiroliferate  and 
occasion  a  metastatic  inxhile,  while  in  the  ea^se  of  infections  the 
mieroorgiinisms  alone  are  earricd  to  the  secondarv  sitnation  where 
they  occasion  clianges  In  the  locni  velis  similar  to  tliose  fbnnd  in 
the  original  focus. 

Nunierons  investigations  have  been  made  to  dt^termine  a  possible 
connection  of  l»aeteria  with  tnmors.  These  have  proved  beyond 
tlonht  that  no  hacterinni  of  ordinary  sorts  has  any  such  relation. 
The  possifiility  of  ultra-microscopic  organisms  and  even  of  such  as, 
through  excessive  pamsitic  character,  could  not  live  except  in 
other  cells,  lias  been  considered* 

Secondary  and  accidental  invasions  of  bacteria  into  tumors  may 
occur  and  sometimes  confusion  has  been  occasioned  by  this  circum- 
stance. 

Various  investigatoj's  since  Hanan  luive  found  it  possible  to 
transplant  certain  tumors  from  man  to  animals  or  from  one  animal 
to  another  This  has  sometimes  been  interpreted  as  an  evidence 
of  tlie  infectiousness  of  tumors  thongfi  with  dtvubtful  propriety 
since  tlie  transplantation  of  the  tissue  from  one  site  to  another, 
like  the  phenomenon  of  metastasis,  proves  only  the  proliferative 
tendency  of  the  cells  of  the  growth  and  not  of  necessity  any  infec- 
tious origin.  The  transplantation  of  part  of  the  tumor  from  one 
animal  to  another  or  from  one  part  to  another  in  the  same  animal 
d<:»cs  not  ditlcr  from  the  transference  ol'  |>ortions  of  the  tmnor  to 
distant  ])laces  in  ordinar}^  mc  tastasis. 

In  carcinomata  ami  «ttlier  epithelial  new-growths,  as  well  as 
in  sanxmiata,  certain  tbrnts  of  supposed  am'mal  jmrasites  have  been 
described.  In  1889  Thonia  found  in  the  jirotoplasm  and  nuclei  of 
carcinoma-cells  iMKlies  whieli  he  reganled  as  coccidia;  and  about  the 
same  time  Malassez  and  Albarrau  fonmi  sijnilar  structures  in  the 
cells  of  an  epithelioma  of  the  nuixilla.  Darier  found  bodies  of 
the  same  kind  in  Paget 's  lUsease  of  the  nipj^le  and  many  sub- 
sequent investigators  have  described  similar  formations. 

Among  these  supposed  protozoan  organisms  some  are  iidra- 
nneteat\  some  extrannrkftt'  and  some  wholly  exirnrrfhifar.  Among 
the  intranuclear  and  extranuclearceil-inclosuresSjorhrijig  deserilied 
round  bodies  whicli  tend  to  grow  and  eventually  sporulate,  form- 
ing cystic  bodies  coutaiuing  twent}'  to  thirty  spores  I sfvore-cysts). 
These  structures  resemble  the  parasites  of  silk-worm  disea.^e,  and 
are  so  classified  by  Sj  orb  ring  as  micn^sporidia.  Sndakewitseli  and 
others  have  descrihed  bodies  more  close4y  resend>ling  coccidia  in 
their  sharp,  double  contour  and  the  presence  of  peculiar,  sometimes 
sickle-shaped,  bo<lies  within.  Podwyssozki  and  Sawtschenko 
described  forms  diflVring  fi-om  coccidia  in  the  absence  of  a  distinct 


140 


TEXTBOOK  OF  PATHOLOGY. 


eapsiik*,  and  resenil*ling  nitlier  the  amebic,  such  as  those  oociirriDg 
in  the  blofMi  of  birds  and  Ja  malaria*  The  views  of  these  authors, 
partieularly  Sa\vtsuhenko»  have,  however,  undergone  some  modifi- 
eatiou  in  tlieir  several  eonfrihntions.  Rnt!er,  Plinimeruud  Walker 
deseril>ed  Htruetnres  oeeiirriiig  only  in  the  protoplasjo  of  the  cells, 
and  resetul>ling  eoeeidia,  hut  forming  neitln-r  spores  nor  siekle- 
shajM'd  IxMlies,  hut  midtipliiig  hy  direct  division  (Fig.  38).     Many 


Fig.  38.— Indiislona  in  fancer-cells :   a  nnd  fi.  mrly  stages  of  "puirajiitlc"  bodies;  f ,  Ute 
9it«goi(,  showing  diviNiou  by  scgmetitalkm ;  ti,  cHnetT-ccn  conuiiuliif;  leukucjles  (Ruffer). 

of  the  investigators  lay  stress  ii[>ou  the  behavior  of  the  supposed 
parasites  toward  stains.  Thus  Uufter  and  his  eollahorators  point 
out  that  the  nuclei  of  their  pai'asites  do  not  receive  basic  stains 
like  eell-uuelei,  hut  the  aeid  stains^  and  tlie  body  of  the  jmrtisite 
is  scar<"ely  at  all  stained*  This  point,  however,  lias  certainly  been 
overestinuitetl  as  an  intlication  of  the  parasitic  nature  of  the  bodies. 
Degenerated  cells  notoriously  vary  from  normal  ones  in  this 
resjT4?et,  The  stipp<3sed  spores  of  Sjorbring  and  others  are  very 
probably  products  of  degeneration,  as  Rufler  and  others  contend ; 
and  it  is  possible  that  some  of  tljese  supjMisetl  parasites  are  degener- 
ated leu kwytes  or  epithelial  cells  included  witinn  the  eancer-eetls, 
wliile  others^  if  not  alb  are  simply  products  of  cellular  activity 
(seeretious)  or  cell-<legeuenition. 

Siyme  authorities  bave  advanced  a  theory  cpnte  different  from 
the  above,  liuldiug  tliat  the  eanec^'-celis  tbemselves  are  parasitic 
nrganisms,  Xru^otueli'  distinguishes  three  kinds  of  orgmiisnis  in 
04ircinonui :  aniebie,  eoeeidiji,  au<l  grcgarinidie.  The  anichoid  form, 
wliich  he  calls  Am*rhn  enckexlcff^  Ijas  a  granular  protoplasm  an*l  a 
clear  nucleus.  It  is  actively  motile,  antl  may  h^ave  the  e|uthe]ial 
cells  to  enter  the  eemneetive-t issue.  After  estal>lishing  itself  it 
becomes  encysted,  the  uueleus  breaking  up  and  the  proto^dasm  be- 
coming more  dense.  Ziwids  and  sporozooids  result,  tbe  former 
going  on  to  the  formation  of  a  gregarina  (Kbo)mloct  phalus  earei- 
noniatosus)  (Fig.  30),  or  a  c^jccitliuni,  the  latter  forming  new 
amehte.  Some  of  the  structures  figured  by  KorotncH'  are  undoubt- 
edly merely  cant*cr*eells. 

A  few  autliors  claim  to  have  found  parasites  of  various  kinds  in 
the  blo^id  of  cases  of  carcinoma. 

Recent  investigations  have  brought  forward  a  few  additional 
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^'bcMfies,"  llie  proionui  omtuie  of  which  lias  been  cljuim^  Uv  the 
Ammgiggy  mad  the  etiolo^  unpoHanoe  of  which  has  berii  iniijjeil 

El  the  abnndaiioe  and  distribatkNi  of  the  bodies  md  some  iiicoii* 
▼e  cAirts  at  mJtivatioii  and  inociilAtion.  A 
doee  atadjr  of  the  whole  subject  points  to  no  cer- 
tain resolt.  The  ^tippo^^d  panisites  or  cell-in- 
clygjoos  of  various  kinds  are  doubtless  in  most 
eases  products  of  cell^ctivity,  while  others  of 
the  SQ^o^  **  protozoa  "  are  pnxlucts  of  cell  de- 
generatioo. 

Recently  blastomycetes  have  ^»een  thought  of 
some  etiolugical  importance  in  the  causation  of  car- 
cinoma, but  a  careful  review  of  the  literature  is 
cooviucing  that  the  evideuce  doe^  not  suffice  to 
establish  any  such  eonn*x*tion.  Blastomyct^tesdo 
not  constantly  occur  in  malignant  tumors,  aiul  vvliou 
present  are  not  in  such  nunib«:»rs  or  in  such  rela- 
tion to  the  tissue  as  to  establi.^h  an  etiolojrical 
significance.  The  lesions  definitely  known  to  be 
due  to  blastomycctes  are  of  entirely  diflennt 
character  from  those  of  tnnior  growths,  Ijcing  strictly  exudative 
and  inflamniator>'  with  prolifenitton  of  eudotheliiuu  and  cou- 
uective-tis^ue,  such  as  CK*c«rs  in  infectious  inHauniiatioiis,  The 
proliferation  of  epiderm  s<on  in  the  Ijlastoniyretic  skin-Iusions  of 
man  is  entirely  secondary  to  the  chronie  inflammation  of  the 
und<-rlying  tissues. 

Predisposing  Coiiditions« — \\lmtev<T  may  eventually  pnivf  lo 
Ik?  the  immetliate  eaiise  of  liiniors,  it  is  etTtaiti  that  preclispnsiisg 
causes  are  often  of  great  importance.  Tlie  ttccurreiioc  tjf  ecrtaiii 
forms  of  tumors  in  persons  <if  advanced  age  and  in  persons  whose 
vitality  has  been  reduecil  hy  disease  gives  evidence  that  a  consti- 
tutional predis|x>sition  is  sometimes  rotjuisite  for  the  formation  of 
the  new  growth.  The  nature  of  this  vital  defect  has  sometimes 
been  speculated  upon,  and  retrograde  vital  metamorphonis  of  the 
cells  or  other  like  changes  have  boen  assumed  to  oceun  These 
theories,  however,  are  purely  speculative.  In  s<nnc  cases  there  is 
evidence  of  a  family  predisposition,  and  lieredity  was  fonnerly 
regarded  as  of  great  inifHirtancc.  While  this  element  cannot  be 
entirely  denird,  it  has  certainly  been  over-estimated. 

The  Structtire  of  Tumors. — In  their  histologic  structure 
tumors  do  not  ditfer  abstjiutely  from  healthy  tissues.  In  all  cases 
thev  conform  more  i^r  less  with  the  structure  of  some  one  or  more 
tissues.  Tlie  cells  eumposiiig  tumors  invariably  represent  some 
one  or  several  types  of  norujal  cells,  though  they  may  tlilfcr  in 
being  larger  or  smaller  than  the  normal  cells,  ur  in  l>eit»g  of  eraliry- 
onal  or  undeveloped  eharacter. 
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Not  infreqaentlv  asymmetrical  and  otherwise  abnormal  mitosis 
of  the  oelLs  is  observed.  Some  reference  to  the  varieties  of  such 
mitoses  wiU  be  found  in  the  section  on  ceUohir  necrosis  (p.  104 ).  It 
is  important  to  note  that  such  mitoses  are  not  confined  to  tumors, 
but  occasionallv  occur  in  inflammatory  and  infectious  cellular  pro- 
liferations. 

In  the  arrangement  of  their  cells  tumors  differ  greatly  from 
normal  tissues,  and  they  may  be  described  as  being  atypical  pro- 
liferations as  &r  as  their  organic  or  tissue  arrangement  is  con- 
cerned. The  onlerly  disposition  of  cells  and  stroma  or  intercellu- 
lar substance  seen  in  the  normal  tissues  and  organs  is  wanting, 
particularly  in  the  tumors  in  which  organic  arrangement  is  simu- 
lated. There  may  be  in  some  cases  entirely  typical  glandular 
acini,  but  the  relation  of  these  to  each  other  and  the  absence  of 
regularly  disposed  excretory  ducts  render  the  tissue  as  a  whole 
atypical. 

In  the  histologic  examination  of  tumors  it  is  customary  to  find 
scattered  through  the  stroma  and  between  the  tumor-cells  various 
forms  of  leukocytes,  especially  the  polymorphonuclear  forms  and 
lymphocytes.  The  imperfect  development  of  walls  of  the  blood- 
vesseU  of  tumors  permits  of  ready  emigration  of  leukocytes,  and 
there  is,  therefore,  in  practically  every  tumor  a  certain  amount  of 
leukocytic  infiltration.  Sometimes  leukocvtes  are  found  in  enor- 
mous numbers  ;  and  when  a  tumor  undergoes  inflammatory  change, 
massive  accumulations  and  abscess-formations  may  be  met  with. 
Plasma-cells,  which  are  probably  altered  lymphocytes,  are  some- 
times conspicuous,  and  mast-cells  (basophilic  granular  cells  of 
doubtful  significance)  are  sometimes  found  in  benign  as  well  as  in 
malignant  tumors.  They  are  frequently  abundant  near  the  edges 
of  the  growth.  Eosinophilic  leukocytes  are  occasionally  quite 
numerous. 

The  leukocytes  are  often  found  within  the  tumor-cells  in  the 
form  of  inclusions.  These,  doubtless,  have  been  mistaken  for 
parasites  in  some  instances. 

The  blood-vessels  of  tumors  have  comparatively  fragile  and 
poorly  developed  walls.  In  the  malignant  growths  or  rapidly 
developing  tumors  of  any  sort  the  vessels  are  mere  spaces  between 
the  tumor-cells,  with  little  attempt  at  the  development  of  firm 
walls. 

Regenerative  changes  are  constantly  met  with  in  tumors.  In 
this  way  the  connective-tissue  framework  of  the  growth  is  formed 
just  as  such  tissue  is  normally  produced,  and  in  this  process  elastic 
as  well  as  ordinary  connective  tissue  may  be  formecl.  In  rapidly 
growing  malignant  tumors  the  framework  of  the  tumor  is  for  the 
greatest  part  derived  from  the  pre-existiug  connective  tissue  of 
the  affected  part,  and  only  in  very  small  measure  from  regenera- 
tion of  connective  tissue. 


PMOGRE^TVE  TlSSVE'CHAKOE& 


The  «triicture  of  tumors  is  uhvuys  closely  rt4attHl  \o  that  of 
the  tiseae  from  which  it  sprioj^,  a  priman^  tumor  invariably  ^mw- 
ing  in  a  part  in  which  there  is  tissue  of  the  typt^  simulutc  tl  by  the 
^ tumor,  and  it  is  from  this  tissue,  doubtless,  that  the  tumor  takc8 
'ite  origin.  A  connective- tissue  growth  invariably  springs  fnmi 
a  part  in  which  connective  tissue  of  some  form  has  pn*-exist«Hl^ 
anil  epithelial  growths  from  a  part  in  whieli  then*  has  bin-n 
epithelium.  Transtbrmatiou  of  one  variety  of  tissue  into  anotlier 
variety,  with  the  prcnluction  of  a  heten>lo£^>us  tumor,  tkn's  not 
occur,  Thijs  statement,  thouj^li  applicable  also  to  secondary  tu- 
mors, is  sometinii^s  ilifficnlt  of  dennmst ration  from  the  fnet  tlint 
the  secondary  grow t lis  take  origin  from  cells  tnu»sjH>rtcd  to  the 
ftt  of  the  metasthetic  growtli,  though  iiot  normally  found  in  the 
"|iart  in  which  the  secondary  tumors  have  orlseiK  Th(*  oeeaslontd 
dis< -overy  of  a  primary  tumor  in  a  locality  in  whicli  the  fonn  of 
tissue  composing  the  timior  tloes  not  occur  mny  he  explained 
upm  the  assumption  (based  tm  some  actual  tlemoustnitions)  that 
embryonic  rests  had  been  deposited  at  the  seat  nf  tht*  tumor  by 
faulty  developrmvut 

The  Shape  of  Tumors. — This  depends  to  a  large  extent 
upon  their  manner  of  growth,  their  situation^  and  the  intluence  of 
siurrounding  jwrts.  We  may  distinguish,  tirst  of  all,  between 
cirtmrnserihi'd  and  iiiJiHratlnf;  gmwths.  The  J'orrm^r  may  Im'  uf 
various  shapes,  but  are  distinguishi'd  by  their  sharp  delimitation 
and  often  by  tlic  existcnee  of  a  distinct  capsule  ;  the  hitter  are 
indeterminate  J  and  the  extent  to  wliieh  they  involve  tin*  healthy 
tissues  cannot  be  accurately  determined,  CircumseribfHj  tumors 
usually  grow  eentndly  or  in  an  exjmnsive  nianiier,  tlu*  new  erlls 
being  produced  in  the  interii^r  and  gradually  pnsliing  tlie  oldi-r 
parts  outward  towanl  the  surrounding  tissu(\'^.  The  iidiltniting 
growths  are  eccentric  in  development,  and  may  ri'sult  iVom  a 
gradual  extension  of  parts  of  the  peri|»her)^  of  the  original  j^^rowth 
or  by  the  development  of  secondary  nmlules  in  the  iieighhorhmxl 
which  become  confluent  with  the  original  mass.  f>t'  the  eireum- 
ccribed  growths  we  may  distinguish  small  mj<lules  of  spherical  or 
ovoidal  form  burieil  in  the  substance  of  the  tisane  or  i»rojeetlng 
fnmi  some  surface  as  more  or  less  hemispherit*al  elevations.  Tht^w 
may  be  large  or  small,  and  the  terms  milinn/^  tuljeratlary  nmlular^ 
and  the  like  are  employed  to  designate  the  indiviflual  gnuli^M. 
When  a  tumor  projects  imm  the  surface  in  sueli  a  manner  that  the 
projecting  part  is  larger  than  the  [lart  between  the  pnjjeetion  and 
tbe  sor&ce  of  the  I^kkIv  or  the  organ  involved,  the  term  funf/ifmin 
V  fimgoid  tumor  may  be  applied,  while  in  the  imn^-^  in  which  the 
growth  is  attached  by  a  more  or  less  narrow  iiediele  the  name 
or  jKdypmd  tumor  is  applieable.     Wart-Iike  growthd  an* 

„  J  as  verrueoAe  or  papUlary  tumors,  and  tboee  in  which  a  di»- 

'  tiod  cdttItflower-li  >rm  is  developed  are  called  dtndrHic, 
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The  Number  of  Tutnors. — Prlmarif  lumor.^  are  iiso:iIly 
solitan^  at  thtir  onset,  though  examph's  of  multiple  primary 
growths,  such  as  eai-cimmia  involving  l>oth  bivasts  si  mul  tan  eon  sly, 
or  sininltaneons  appeanmee  of  eareinumata  or  sarcomata  in  differ* 
ent  partvS  of  the  oiueous  memlimne  or  ( l^ewlicrCj  may  he  obscrved. 
In  these  eases  it  is  ofteo  likely  that  there  was  a  .single  tumor  at 
the  very  onset,  with  seeoinlary  growths  originating  beti>re  the 
primary  growth  had  reaehe<J  any  ecmsirlerable  magnitude.  Primary 
benign  tunior>?  are  usually  s*jlitiiry»  hut  sometimes  may  Ik?  found 
in  eonsitlerable  number,  and  there  may  be  enormous  numbers 
scattered  in  various  jxirts  of  the  l)ody.  Thus  in  cases  of  mnlti|»le 
enchoiHh'oniata  i>r  multiple  fibromata  the  numljcr  may  fntuj  tlie 
6rst  he  very  great, 

Seconda/'t/  tamom  are  usually  multiple.  In  most  cases  the 
number  of  nodules  found  p<»st- mortem  or  during  life  is  considerable, 
and  sometimes  they  are  so  numerous  that  large  }:K)rtions  of  the 
body  may  he  litendly  stu<lded  with  new-growths.  This  is  seen 
very  well  in  the  secondary  sarcomatous  or  carcinomatous  nodules 
involving  the  peritoneum  and  the  oth(^r  serous  surfaces,  in  which 
cases  the  degree  of  involvement  is  ^sinlulateil  only  by  that  seen  in 
m i lia ry  tu here u  1 1 >si  s. 

Pathologic  Physiology,— In  most  cases  tumors  take  no  part 
in  the  functional  life  of  tlie  part  in  which  they  occur  or  of  the  in- 
dividual. What  influence  they  may  l)car  to  the  general  nietab<>lism 
is  as  yet  practically  unknown.  Cases,  however,  are  re  curded  in 
which  large  lipomatous  or  other  tumors  liave  been  found  to  sufler 
practically  no  change^  while  the  individual  in  whom  they  occurred 
was  undergoing  progressive  emaciation  from  starvation.  That 
there  is  a  certain  auiouut  of  fnnelion,  however,  in  some  cases  is 
shown  by  the  tact  that  biliary  pigment  is  detected  in  the  cells  in 
certain  carcinomatous  tumors  of  the  liver,  or  abortive  milk-torma- 
tion  in  cancers  of  the  breast.  It  may  be  that  the  want  of  proi)er 
organic  arrangement,  and  particularly  the  lack  of  excretory  ducts, 
accounts  for  the  lack  of  function  ;  but  w^hatever  the  cause,  it  is 
certiiin  that  as  a  rule  the  fuuctional  aclivity  is  pnictically  ni/,  or  at 
all  events  j>e?r%'erted.  The  occurrence  of  large  quantities  of 
glycogen  in  certain  tuuiors  is  perhaps  of  interest  as  indicating  an 
attempt  at  functional  activity,  but  is  more  probably  significant 
only  of  active  proliferation.  With  very  few  exceptions  h  may  be 
said  that  tumors  are  entirely  parasitic,  living  at  the  expense  of  the 
organism  ami  contributing  nothing  to  its  development  or  nutri- 
tion. 

Certain  tumors  disturb  the  general  healtli.  This  result  may  l>e 
due  to  secondary  degencmtive  or  inHammutory  changes  deix^odent 
upon  lack  of  nutrition  or  ujxm  irriUition  and  bacterial  infecti<>n  ; 
or  to  obscure  caiLses  connected  with  the  tumor-growth  itself    The 
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progressive  ciiehi^xia  uf  eiUTiiKmia  i^  ^till  nin'xpiaiiie*]*  tlion^li  in 
mme  cases  hemorrhage  and  interference  with  organic  fu  net  I  on 
pluv  a  part.  There  are  probably  noxious  prrxlucts  of  some  sort, 
tijoiigli  tlieir  nature  is  still  entirt^ly  unknown. 

Tumors  nia  V  lie  cbssitied  as  henu/n  or  mall^nanL  The  former 
do  not  affeet  tlie  general  healtli  of  the  patient  in  any  notable 
di'grL-e,  and  are  dangerous  nun  id  y  hy  rt-iison  of  the  pressure  I  hey 
may  exert  on  %utal  struetures  or  tlie  seeomhiry  changes  (hemor- 
rhages, softening,  snppuratinn)  to  whieh  they  are  liable.  Malig- 
nant tumors  generally  disturb  tbegenend  health  from  the  first,  and, 
in  addition,  tend  to  reenr  after  removal  and  sj>rea<l  to  other  parts 
of  the  btwly  (by  diitvt  invasion  or  by  metastasis  through  tJiecir- 
enlation  or  lympbatie  ebatmels), 

Meta.stiisis,  or  the  transplantation  of  a  tumor  from  one  part  of  the 
body  to  anotiier^  may  oeeur  in  st'veral  ways.  Tht^growth  may  invade 
gurroundiug  lymphatic  or  venous  chaimels,  and  extend  in  a  linear 
manner  sometimes  to  considerable  distnnees.  Tlins  a  growth  of  the 
neck  may  extend  in  tljc  jugular  vein  and  vena  cava  as  iar  as  the 
right  heart.  More  commnuly,  single  tunmr  cells  or  small  numbers 
are  carried  as  emlmli  ah^ng  the  lymphatic  or  venous  channels  to 
some  new  IcN'ation  where  a  secondary  growth  results.  A  thinl 
method  is  that  in  whit-h  parts  of  the  tumor  are  spread  over  free 
surfaces  sneh  as  the  peritoneum  or  pleura,  and  thus  occasions  new 
foci.  Sometimes,  tbougli  rarely,  this  happeos  on  mucous  sur- 
faces also. 

Occasionally  tumors  that  are  ordinarily  benign  recur  after  re- 
moval or  cause  metiistasis.  The  fornu^r  eircnmstanee  is  not  in- 
frequent in  the  case  of  nasiil  polyps  and  keloids  of  the  skin  ;  the 
hitter  in  the  case  of  adenomata  of  the  tliynMil  glanrl,  ehondni- 
mata,  Iciontyomata,  hemangit»mata  and  occasionally  some  others. 
The  nuunier  of  gnnvtii  (eentml  j>roliferationl  doubtless  accounts 
f^ir  th<^  infrcquency  of  metastasis  of  benign  tumoi*s. 

The  terms  prhnartf  and  sfrimcianf  tirmors  refer  to  the  original 
and  the  nictastatic  growths  respectively. 

Classification  of  Tumors. — No  very  ^atlsfaeti^ry  elassitica- 
tiou  is  [lossible  at  the  present  time,  and  it  is  unlikely  that  any  will 
he  constructed  until  more  <letinitc  knowledge  regartling  the  etiology 
is  obtained.  The  older  elassi  Beat  ions  were  based  upon  the  shape, 
the  phvsieal  properties,  or  the  natun-  (whether  destructive  or 
harmless)  of  various  forms,  Vircliow  otiered  a  classitication  liased 
on  the  histology  of  the  new  growths  (histogenetie  elassiJication). 
According  to  this  classitication,  fTl>roma,  osteoma,  chondmnui, 
lyniphomaj  and  sarcoma  art-  included  under  the  hi'adiug  of  con- 
nective-tissue tumors  or  tumors  reproducing  m*>re  or  less  accurately 
connective  tissues.  The  ditt'erent  forms  ol"  tumr>rs  comprising  the 
group  are  distinguished  by  their  resemblance  to  one  or  another  of 
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the  forms  of  connective-tissue.  Among  the  epithelial  growths  arc 
papilloma,  adenoma,  and  carcinoma,  and  in  the  same  group  should 
oe  placed  glioma,  which,  though  it  superficially  resembles  con- 
nective-tissue tumors  and  arises  from  the  neuroglia,  a  tissue  resem- 
bling connective  tissues  in  function,  is  really  an  epithelial  growth 
as  the  neuroglia  is  an  ectodermal  derivative.  Among  the  tumors 
reproducing  muscle-tissue  are  the  two  forms  of  myomata,  the 
leiomyoma  and  rhaMomyoma. 

This  classification  is  eminently  satisfactory  in  some  cases,  but 
fails  in  the  ease  of  mixed  tumors  containing  a  variety  of  tissues 
and  in  which  the  primary'  or  the  essential  constituent  is  not  always 
obvious.  Thus  in  papillomata  it  is  sometimes  difficult  to  deter- 
mine whether  the  growth  is  originally  epithelial  or  originally  of 
connective-tissue  type. 

Recently  it  has  been  suggested  (Mallor}^)  that  a  more  careful 
study  of  the  histologic  diiferentiation  of  the  cells  and  intercellular 
substance  may  serve  as  a  basis  of  classification  of  tumors.  Three 
forms  of  fibrils  called  neurogliay  myoglia,  and  fibroglia  fibrik 
have  been  distinguished,  and  have  respectively  been  found  in 
gliomata  of  various  types,  in  leiomyomata,  and  in  connective-tis- 
sue growths  including  fibromata,  fibrosarcomata,  and  spindle-celled 
sarcomata.  The  fibrils  diifer  sufficiently  to  form  the  basis  for 
the  recognition  of  the  character  of  the  cells  from  which  they  origin- 
ate, irrespective  of  the  rate  of  growth  or  physic^al  properties  of  the 
tumor. 

Other  |)athologists  liave  grouped  tumors  according  to  the 
embryologic  derivation  of  the  tissues  from  which  the  new-growths 
originate  or  of  the  tissue  composing  the  tumor.  It  is  perhaps 
wisest  to  attempt  no  classification  of  any  kind,  and  in  the  follow- 
ing sections  I  have  arranged  the  various  tumors  according  to  their 
histologic  charact<?rs  without  attempting  to  establish  groups. 


FIBROMA. 

Definition. — A  fibroma  is  a  tumor  composed  of  connective- 
tissue  cells  and  fibers  resembling  those  seen  in  fibrillar  tissue. 

Btiology. — The  causes  of  fibroma  are  as  obscure  as  are  those 
of  tumors  in  general.  There  are  many  facts,  however,  which 
point  to  the  importance  of  irritation  or  injury  as  exciting  causes. 
Among  these  may  be  mentioned  the  development  of  a  peculiar 
form  (keloids)  in  scar-tissue  and  the  resemblance  of  these  tumors 
to  spontaneous  fibromata,  and  the  appearance  of  fibrous  nodules  in 
the  skin  at  points  of  friction  or  definite  pressure  or  in  places  irri- 
tated by  discharges. 

It  is  impossible  to  draw  sharp  lines  between  fibromata  and 
hyperplasias  of  connective  tissue   following  irritation.     In   the 
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skin  and  superticial  tissues  there  ofciir  hyperplastic  connective- 
tisRU*^  pmc*esses,  ooni^titntin^  olephuntia,<is,  wliirh  in  Home  cases 
arr  ilistinrtly  tlie  n^'^ult  «>f  irritaticm  and  in  other  ra^fs  ^evm 
purely  spontniieoiis.  Tlit*  t*l(  piiaiitiasis  of  tropica!  foiintrif'^,  f>ften 
due  to  fM'<"lusiori  of  the  lyiojdiiitie  channels  hy  filarial  and  the 
thicken ing  of  the  pkin  ami  adjaeent  connective  tissue  of  the  leg:i3 
around  old  ulcerations  or  eczema  tons  areas,  are  instances  in  which 
dii^tinet  irritation  is  the  canse.  On  the  other  hand*  congenital 
elephantoid  (n>n<  lit  ions  of  the  skin  are  seeniinji^ly  spf»ntaiieous  or 
causeless,  and  sojue  of  the  cases  in  later  life  have  the  siifoe  ehar- 
aeteristie.  The  diffuse  hyperplasias  of  the  viscera,  thoo^i  often 
distinctly  inflammatory,  may  afjpear  without  adet^uate  discover- 
able cause,  and,  acc<u'<iinti:  to  the  view  of  some  authorities,  are 
to  be  looked  ujMin  as  diffuse  fibrosis  or  fi luTmiato.sls,  rather  than 
as  inflarnTuatory  etniditious.  In  ordinary  eases  of  scIerosi,s  of 
the  ortjraiis  the  ci»uneetive-tissue  growth  is  entirely  diffuse,  but 
ihiekening-s  may  oeenr  in  certain  situations,  and  the  reseml>lance 
to  tumor-formation  is  then  mucli  more  striking.  This  is  sometimes 
the  case  in  the  liver,  but  partieularly  in  the  kidnevs.  In  tlie 
breast  there  are  case,s  in  wiiieli  no  dividing-line  can  be  drawn 
between  ehrnnic^  interstitial  mastitis  and  fibronuL  The  micro- 
scopic appearances  are  practical ly  identical.  A  distinction,  if  auv 
ean  be  made,  is  bas<'d  up<m  the  nodular  character  and  sjKintaneous 
origin  in  t!ie  one  and  the  opposite  eomlitions  in  the  other. 

Appearance. — The  nakwt-eye  appearance  of  fibromata  is 
usually  quite  ehameteristie.  The  tumor  may  be  hard  (Fig.  40) 
or  soft  (Fiu:*  41),  aeeordin^  as  it  resembles  hwse  or  dense  con- 
nective tissue  in  stnu'ture  and  aeeordint^  to  the  amount  of 
p<leniat<^«us  liquid  or  associated  myxomatous  degeneration  of  tlie 
intercellular  substance.  The  growth  is  more  or  less  ronnderl  and 
usually  enclosed  hi  a  flistinet  ca|*sule.  In  tlie  substance  of  organs 
it  is  spherical  (*r  tuberous,  ami  wfien  near  the  surface  projeets  more 
t»r  less.  Wlien  it  springs  from  a  mucous  or  stMXHis  niemljnine  or 
from  the  skin  the  weight  of  the  tumor  may  gradually  lead  to  a 
j-MiIypoid  tbnuatiou.  Stmie  of  the  tibrfimata  of  the  skin  are  arlKv- 
rescent  or  dendritic  in  form,  and  keloids  are  frequently  irregular 
or  star-like  in  outline.  The  rounded  and  enejipsulated  tumors 
limy  be  lobulated,  thougii  more  frequently  they  occur  in  a  uniform 
mass. 

Seats.^ — The  points  of  origin  fnmi  which  fibroid  tumors  arise 
'are  very  numerous,  thougii  they  always  spring  iroiu  pre-existing 
connective  tissue.  Among  some  of  the  more  common  hvcalities 
may  \w  mentioned  the  subcutaneous  connective  tissue,  the  sub* 
mucous  tissue,  the  p(n'iosteiim  of  bones,  tendons^  and  tendon- 
sheaths,  and  the  tibrons  covering  of  nerves.  Of  the  internal 
organs,  the  uterus,  die  ovaries,  the  kidneys,  and  heart -muscle  are 
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the  most  important.  Less  frequently  fibromata  are  found  in  the 
serous  membranes  of  the  chest  and  abdomen  or  of  the  central  ner- 
vous system.  The  fibroids  of  the  skin,  the  uterus,  the  nerves  (see 
Neuroma),  and  the  mucous  membrane  of  the  nose  are  the  most 
important. ' 


Fio.  40.— Hard  fibroma  (Warren). 


The  mammary  gland  presents  several  interesting  forms  of  in- 
flammatory or  fibromatous  new-growth.  First,  there  is  a  diifuse 
form  of  interstitial  mastitis  in  wliich  the  entire  breast  becomes 
indurated ;  this  is  distinctly  inflammatory.  In  other  cases  nodular 
or  lobular  areas  of  thickening  occur,  and  in  these  the  evidences  of 


Fig.  41. — Soft  libroma  of  the  subcutaneous  tissue. 

inflammatory  action  are  sometimes  obscure  or  wholly  wanting. 
Some  of  these  are  certainly  instances  of  true  fibroma  {fibroma 
mammce  nodulum).  In  still  another  group  of  cases  the  fibromatous 
proliferation  of  the  connective  tissue  projects  into  the  tubules  and 
acini  of  the  gland,  pushing  the  epithelium  before  it  and  sometimes 
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sproiitini^f  or  pniliftrathig  in  |H)ly|vuicl  form  with  in  the  tnhiiles. 
The  gland  in  such  rases  may  present  a  t^trikiug  macroscopic  appear- 
ance on  section.  Numeroii:^  eytatic  forniation.s  may  be  visible  with 
projecting  dendritic  fonmitians  within,  eausin^  an  aj>peanince 
somewhat  like  that  of  a  !seeti^«n  through  a  eaulitlower  (Fig.  42). 
Mieroscopieallv  tlie  proiifemtion.s  of  the  eouneetive  tissue  between 
the  tubules  and  projecting  within  the  tubules  constitute  the 
charaeferistie  features.  The  term  infraanuiik'uhr  jihmma  has 
been  given  to  sneh  cases,     Obstr notion  of  the  tnbulcK  in  certain 


Fia.  42,— IiilmcratmlirMil^ir  tibruimi  iTerl*), 


areas  may  lead  to  very-  marked  cystic  distention.     Combinations 
with  san*oma  are  frequent, 

Stnicture,— The  definition  explainf>  the  structure  of  iibro- 
mata.  On  section  through  the  body  of  the  tumor  the  fil irons 
nature  may  be  revealed  by  a  distinct  concentric  or  radiating 
striation,  partieidarly  in  the  ease  of  hard  fibromata.  The  softer 
varieties  are  mueh  lej^s  likely  to  present  this  feature.  The  color 
is  usually  gray  or  whitish,  and  may  ix*  glistening  when  there  is 
raneons  degeneration,  or  yelhiw  in  the  ease  uf  associated  lipoma. 
Microscopical ly  a  striking  feature  is  the  conneetive-tissue  cell^ 
which  is  rounded,  star-like,  and  bmnching  in  the  softer  tumors, 
and  compressed,  spindli'-sliaped,  or  elongate*l  in  the  casc^  of  the 
har^l  varieties.  The  iutereeliular  substance  isc(»mposed  of  a  fibril- 
lar netwftrk  ami  liomogeneous  or  gmnuhir  material  traverse*!  Ijv 
thin-walled  l)l<HMl-vessels,  ofttimes  liaviug  merely  an  endothelial 
coat.  The  parallel  and  wavy  bundles  of  fibrils  are  the  most  con- 
gpicuous  feature  of  hard  fibrumata.  In  softer  varieties  tlie  fibrils 
are  less  otWn  in  bundles,  and  are  twisted  or  irregnhirly  eurletb 
Tlie  fibrillar  substance  may  be  so  closely  packed  that   the  inter- 
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r-..juiijr  sIJr^^cL^>^  !SA5  a  elistoniug,  hyaline  appearance.  Thiri  is 
T-*^  mLTL^i  :i  k-el-r-fris-  S.^merinies  actual  hyaline  change  affects 
iiH  iiir-.-r.  \x-^^n*:<:^  dilatation  and  rupture  of  the  ve»?ei- mav 
«jih^  i    ii?cn^i-'C  i-ci:>rrtuigic  appearance  of  the  section,  bat  such 

Ii  ?i  me  rai?ef  rcibrronal  round  cells  niay  be  abundant  and  a 
dt^ini""  sLT!'  am: .  ^is  iruistomiation  of  the  tumor  may  occur. 
Tnfc.  ii'v-t^-r.  jr  rarv^.  In  other  instances,  as  has  alneady  been 
Teniin!L.-L  n-TcaLvis  tissue  may  be  c^inspicuous.  and  all  grades 
♦r  -znnrrd  rmiii*  c  fr»:'Ci  a  pure  fibroma  to  a  pure  myxoma  may  be 
m^  vo.  -r^e^iallj  in  the  case  of  soft  fibroma.  Fattj-  degenera- 
Ti'n  r  II*-  :tI2-  izd  lipii-matous  infiltration  or  associateil  lip>ma 
irr-  1*^  zr-.  ifrct-  Thtnse  forms,  the  myxomatous  and  lipomat^^us. 
itr-  yasrzt-^'i.iLr.j  f:v»i:ient  in  the  submucous  and  subcutanei>as  o^«- 
it— 1-  -  T:rr-i^r«?.  •!  al'iai^Mis  degeneration  occurs  in  laige  fibrom- 
in.»i.-  TiZLs  rrr.  rarii^Iarly  in  those  of  the  uterus,  and  very  raivly 
TTe  — iTitarj.r  '::iL?  i>een  reported.  Less  commonly  ass-x^iarion 
•r  x:r*i:ii.  -rrz.  :r±rtT  rorms  of  tumor-gro^nh  is  touinl.  Ara«T»iii: 
iitr—  11  f    "  r-  •.''A-:,ji  .jf  fi bn>ma  with  lei«>myoma  is  usual  in  the 

X^Urt:. — FT'r-Eia  is  essentially  a  benign  tumor,  th^v^h 
r^niT-'ii—  •■*  s=-i.:-cs!>  takes  place  after  removal,  this  Wing  par- 
Ti'/iuu-"  iiK  :L-r:  Triih  keloids  and  some  of  the  polyploid  :m>wths 
ii"  iiiu'-'iu^  iif^-ii'-.-rine*-  In  •••me  of  these  instaiKvs  theiv-  is 
uu(i\»iiTr,^:l;  I  r--r^':''.Ian«>r  tu  sarci>ma.  if  not  actual  <sin>.»matous 
innHTitnmni.c-  A-  a  rule,  fibroid  tumors  are  destructive  •>nly  in 
-*  iar  H-  'irr  tr*  .azAble  of  prcJucing  m^hanieal  injury  by  pness- 
ur*.      7V  r^'VTi.    :'  zh^  tumors  is  u?uallv  exceedinjilv  slow. 


MYXOMA. 

XtadEBStaoa^ — Myxr,fna  i*  a  timior  <»mp>sed  of  con»et.tivt- 
tiwti»  •.'•uf  tui  v^i  inr^rrcellular  substance  c^^taining  mucoid 
luan^frsu.  tL  iii'.c*  •.•r  1*?^  abundaiK*-  The  gelatinous  subfuuxt?  of 
\Viia*^'»i  I  'u^  vjn'r^flica!  onl  and  the  vitn^Mis  hnni«>r  i-kf  the  eye 
ai"*  uytnuu.  zy>rr  y^:/':ii  myxomata  re*<^nible  in  their  >!mct*i:y\ 

EStittik^gT, — T:jr  ^risf^  ami  the  nature  of  myx^Miiaxa  are 
ptvfii'.'aii*  •!!*:  ^^Vjr  i*  ihffr*'  of  fibn^niata.  and  :ntermt>liate  forms 
tuiUL*  f.  ULfli'"..^  V/  'Jriw  a  sharp  line  Wtwei-n  the  tw.x  L«r?s  frt- 
uiMTit'^y  vL"'::rjjA'jt,  ir^  sar»>»matous    irp>wths   with    niyxoiaati>us 

JtgywglfafcCe.  — A  :yr>i'-al  myxoma  is  a  s^^.n.  more  or  It-s^  dab\v 
^mwti  »fii«'i'.fc^':  -.-.- i  'jaf9*rj!e.  anii  haviuir  a  roiiihled  •Hulme.  I: 
JMir  ytoj^r.  irxi,  \£^.  i?«jriace  of  the  b«xiy  or  of  an  onnn  as  a  bemi- 
jMlirTi'i    ejv*  L- 1.'.-.,    /r  ir:iy  hanj  ny  a  iiarr.»wt>i  j^icie  in  the 
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form  of  a  distinct  jwlyp.  The  latter  is  frequent  in  tlie  miicotis 
metiil>niiies,  but  may  orrur  in  the  .^^kiu  as  well.  Sonietiiues  the 
tumor  is  lobulated,iuui  tlw  lubiile?i  uuty  hv  vi.sible  or  may  be  easily 
felt*  Oeeasionally  bixunatotiiH  g:rowths  are  (Hftuse,  having  no 
capsule  and  markrtl  by  no  definite  limitii?. 

Seats* — Among  the  common  situations  are  the  suljeutaneous 
and  submucous  tis^sucs  and  the  connective  tis.^nes of  eeitain  organs, 
notaldy  the  mammary  glands.  They  may  oecur  ahuig  the  f'onrse 
of  nerves,  and  in  the  brain  or  the  spinal  rord.  They  sometiuies 
spring  from  subserous  tissues,  notably  from  the  intenuu'ieular  sep- 
tum and  valves  of  the  heart.  The  tuuu^r  may  \n:  solitary,  or,  like 
fibroma,  may  be  met  witli  in  numbers.  (.V*ngenital  myxoma  has  fre- 
qnently  been  fotuid. 

Stmcttire,^ — Mieroseopieally  tlie  ehameteristie  features  are 
stellate  or  spindle-sliapefl  eonnretive-tissne  cells  whirls  lie  within 
a  matrix  of  myxomatous  njateria!  (Fig.  43),  The  latter  is  luuuiK 
geneous  or  slightly  granular,    and  somewliat  rt'tmetive  to  light, 
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Fig.  43,— Jfyxoiua.  sbowing  aielJatt*  ceUs  ei'pftruted  by  n  gelatinous  (mueoid) 
IntereeUular  maleriaL 


giving  the  surface  a  glistening  quality.  The  cells  themselves  may 
be  entirelv  normal  young  eoiuu^etive' tissue  eells^  or  they  may 
present  evidences  of  fatty  tlegeneratiou.  Konnd»  eonnective-t issue 
cells  are  met  with  in  some  instances,  either  scattered  tli rough  the 
tumor  or  in  certain  areas,  and  may  be  so  abnndant  as  to  justify  the 
term  myxosiu-eonia.  The  vascular  supply  is  usually  poor,  and 
the  blood-vessels  resendde  tliose  of  fil^roma  in  being  only  partially 
developed.  Association  with  tibronui  and  lipoma  is  frequent. 
Cartilagiuons  tissue  may  be  found  in  myxomatous  tumors  td'  the 
parotid  gland  or  testicle,  ami  in  these  cases  the  myxomatous  jior- 
tion  18  rather  an  association  than  a  degeneration  of  an  original 


^iiiH]itr".ni£u     KrxtiEiui&)ii»  'iRs^mscadiia  -ir  'mcYiuaDiimia.  'rHB*** 
iii*iC  lit^r^fyiwirij  'Vr^mfCT^i^  ami  in  x  a*'w  ixiiHiiiii!f*?f  iiHyat^niww.  iiai* 


A  Iip>iiift  ift  X  rsimivr  '^twiiptTswi  •«  ♦iuit'  n^soe 
Kii^  man   -iC   -Jii^  anmiftl  ^adv^n&ftiitif^ni^  dk«iiK.    Tl»  •'pipuiii!  j^ 

bi  -A^'^oht  'irtfantp^mtHic  ot  tdk*  cropfeiif-  ai*rvi^njf  -sv^cmiu  w  uiu*  j.m^v  liii 
oc^  g^>*»*>  ainiijC%.     Ic  w  'fidbniix  ;t£  rvmaM*,  &>  iisaw  :&  "iiisirD  Inn?  b«f- 

'i*r-tlai*  -.#m:»^**^ii  Iipr>oiaxa  ami  t^cdrriarr  •5i>»sttnr.  ^innt*  imEvainiils 
httT*  a  saarkrfl  Liiafcilrcy  &>  '!iiiit«Giixc  •riV**r2rn'wm  ot  2iC  ai  «iiiBfr»?ac 
Y^xrjt  of  tihff^  fjTjfij.  ami  the  tt»nii  **  I^ptMl]aE:»)»H^^  **  ^  iii>c  TT.tppiJL'abie. 

Pita   cirjvt^r  on.  an  ohninint    i&«iiiHii!v  to   a»£pi3i!«?    det.'TmuiId.cii>a^ 

TruifT^ttlL-m  •«t4^ixbf  &>  plakT  w>  part*  dkicozii.  ikcirr  auiIi3r:LCi«>a:^  an> 
p<*^ini^  -->  '.^n^ir  AfTinruri  ar»«*  •>€*  Eajorr  oc  ►fisttk?**.  aiui  in  'fcwHif^nireii 

Appearance — Lfpomofia  anr  nt^csallj  e£rvMzmrf4rrtb«f^i  imi  *?i3r- 
f^l^Jjxrj^x  V4-r.i..r*  having  a  WmlaitHi  .^iarn'trfrr.  nat*  LacGfr  I>?mir 
^/v:  jv  *^r»c»,  of  -^ifirwtrtivv*  ri?«nfr-  l>a  the  -mniu.'if  ••c  thje  btA^Iy 
tfca'^T'   apt»*^r    L*  *ocwrTrfaac   E«rniL'?phierii.'aI  elevacii-.ae.  vhit'ii  Qi;iv 

Hc^.  IckT^riii'tC  of  zhfi-  ^jfAj,  a».  i?^  exanipi"?.  when  they  :iri:?e  in 
tkk^  '•iir/cr.  ^-rf-cL-  ^.r  >ntj»'?f*r'<i&  •!! -cinei^ti Vf^  tist^ce*  they  aj*:  vtry 
frv^i-t^-nr.;  >,  th^in^i  n^x  alway?.  p''lyp*>itL  S-ci^rlxe^  th^y  be- 
^jnv-  4«*rji(r».r.**:fi  axMi  may  be  netaitt^i  in  v-ae  oc  tfc»e  -.•avitw^  ot 
r.fc^  h^irly  Art  rV'rKr  Vjriie-.  On  5e!ti«:»a  the  af»peaj:!tnvt  L?  thiit  ot" 
6tfty  tL^wir,  'XUi*'^i  m  -f-jciw:  oa=<es  it  Ls  m»>re  trai  rn.^ci  the  jj?ir4X'b- 
ti/iO  ot  niTirr/iirt  Zki»a^-jf:^  %tA  in  other  oace?  It?*t  tinii  fnr-ci  the  nature 
tA  thif:  ixTxj  ti;**»>^  It-^If  or  irom  a«?»x-iatcri  myx'XiLirocL'?  change. 
lAVJtCiHtjk,  Eoay  r^  -rJitary  tTim»>r?,  finr  then?  may  be  many.  A<  a 
mie^  t:h#^  apf^r  in  aifialt  year*  •>r  miJdle  UtV,  bac  o-ngenital 
IrpocnaiA  ar^  r*rjr.  v-^ry  rare ;  ami  otx^ask^oally  they  arv  t«>un^{  to 

Stats* — \ttiif^^  th«^  .4toatioD>  in  which  lipocuata  oevur  the  mo^( 
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common  arc  the  subcutaneous  fatty  tiesue  of  the  Imck,  slioulders, 
butto(^kf^»  or  limbs  the  siilnniicoii?*,  and  the  .sribseroiijH  tissues. 
They  may  arise  eitlier  in  the  normal  fatty  tissue  or  in  eonneetive 
tii^sue^  in  which  iat  is  not  uoriiially  present*  Sumr  authors,  how- 
ever, deny  the  possiljilify  of  lipomata  arising  cxcepting^  from  pre- 
exi?^ting  fatty  tissue*  Of  the  or^.ms,  the  mammarj'  gland  and  the 
ki(biey  are  most  fre(|iiently  involved. 

Structure. — Mieroscopically  lijiomatous  tumors  resemble  the 
normal  fat.  It  is  notable  that  the  cells  are  larger — that  is,  cer- 
tain more  oil^ — than  the  normal  iat-t*ells,  and  this  is  stri kingly  tlie 
case  in  isome  instances,  Ijut  is  not  always  dcnumstmble*  The 
vascnlar  f^npply  is  about  the  sauie  as  in  normal  fat,  though  occa- 
sionally large  vessels  with  thin  walls  are  seen.  Assticiatcd  myx- 
omatous or  fibrous  change  may  cause  a  variation  of  the  microscopic 
app^.i  ranee, 

Lipomata  nuvv  undergo  softening  from  ne<'rosis,  but  more  fre- 
cj neatly  become  calcareous  in  part  or  completely* 

Nature. — This  m  the  most  benign  form  of  tumors.  Recur- 
rence after  more  fir  legs  complete  renmval  does,  however,  at  times 
occur,  A  lipoma  is  dangerous  iuily  iVom  its  weiglit  or  poi?itiun. 
It  dcKvc;  not  contribute  to  the  support  of  the  systeru  in  ease  of 
starvation. 

XANTHOMA. 

Befinltian* — This  term  is  appHeti  to  two  possibly  distitict  though  similar 
forms  of  new  growth.  The  jcunihotmi  vftlgare  occars  most  frecjuently  in 
the  eyebds  and  may  he  cenfincd  to  that  situatioa.  The  growth  appears  in 
the  form  of  tlat  elevfttioD^s  of  a  yellow  t'olor.  Generalizt-d  xaiUhrana  begin- 
ning about  the  eyes  is  less  frequent.  JCanihmmi  diabeHcorum  is  n  similar 
affection  of  diabetic  patient^.  It  occurs  at  ii  more  advanced  agt%  is  more 
dmtincfly  inflammatory,  the  masses  arc  more  rounded,  and  the  eyelids  and 
face  arc  rarely  affected. 

Structure. — The  histoloj^y  of  xanthoma  is  that  of  modified  fatty  tissue. 
It  resemhlea  embryonal  adipose  tissue,  and  there  \a  usually  more  or  less 
round*cell  infiltration  as  well.  Some  authors  regard  the  latter  as  a  tendency 
to  sarcomatous  change;  otliers  look  upon  it  as  infJammatory. 

Nature. — Xanthoma  i»  eminently  benign.  Tlie  diabetic  form  ifi  subject 
to  sudden  and  apparently  cauicless  invohuion.  The  ordinary  form  may 
ftimilarly  subside,  though  much  less  commonly. 


CHONDROMA. 

Definition. — A  elioudroma  is  a  tumor  composed  largely  or 
entirely  of  cartilu|xc.  It  is  tliiiicuU  to  dmw  a  shsirp  line  between 
outgrowths  of  cartilage  ircuri  cxistin^r  cartilage  or  bone  flue  to  irri- 
tation from  definite  uud  independent  tumor-like  grtjwtbs.  A 
group  of  cases  of  interuie<liarv  cluinieter  is  that  including  carti- 
Jag]non.s  nodules  formed  in  teiulon^  of  mus<:*les  subjected  to  fre- 
quent iiTitation.s,  as  in  the  deltoid  muscles  in  soldiers  carrying 
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heavy  arms,  and  in  the  adductor  muscles  in  the  thigh  in  horse- 
back riders.  In  these  cases  normal  connective  tissue  seems  to  be 
directly  transformed  into  cartilage,  though  the  influence  of  irrita- 
tion is  undoubted. 

Btiology. — A  congenital  disposition,  sometimes  hereditary,  is 
unquestionably  present  in  certain  cases.  Virchow  maintained  that 
chondromata  often  spring  from  remnants  or  islands  of  cartilage 
left  in  abnormal  situations,  as  in  the  midst  of  bone,  as  the  result 
of  imperfect  fetal  development.  The  same  explanation  would 
account  for  parotid  chondromata  on  the  assumption  that  parts  of 
the  branchial  arches  are  misplaced  and  remain  in  the  substance  of 
the  parotid  gland.  Other  evidences  of  the  truth  of  the  theory 
are  the  frequent  occurrence  of  chondromata  at  the  epiphyseal  ends 
of  bones,  and  the  appearance  of  such  growths  in  early  life  and 
especially  in  rachitic  individuals. 

Irritation  has  been  referred  to.  Direct  traumatism  is  some- 
times the  cause  of  cartilaginous  outgrowths  from  bone,  particularly 
when  fractures  have  occurred. 

Appearance. — ^Two  distinct  forms  may  be  considered,  and 
these  are  somewhat  different  in  appearance.  They  are  (1)  carti- 
laginous outgrowths,  ecchondroses  or  ecchondromata,  and  (2)  carti- 
laginous tumors  or  chondromata  proper  originating  in  non- 
cartilaginous  tissues. 

Ecchondromata  present  themselves  as  rounded  or  somewhat 
irregular  outgrowths  from  cartilages.  Sometimes  they  are  "wart- 
like in  form,  and  may  occur  in  rows  or  groups.  Thev  may  be 
firmly  attached,  or  may  be  loosely  united  to  the  cartilage  from 
which  they  spring.  The  most  frequent  (though  not  strictly  neo- 
plastic) are  the  outgrowths  in  the  articular  cartilage  occurring  in 
chronic  arthritis,  particularly  in  rheumatoid  arthitis.  Occasionally 
they  become  detached  after  their  formation,  and  in  the  joints  may 
thus  become  free  bodies.  More  characteristically  tumor-like 
ecchondromata  originate  from  the  surfaces  of  the  laryngeal  carti- 
lages or  from  the  costal  cartilages. 

Chondromata  proper  most  frequently  occur  in  bones  or  the 
periosteum,  and  have  a  rounded  or  lobular  appearance. 

Chondromata  springing  from  the  inner  surface  of  bones  (pos- 
sibly originating  from  the  marrow  itself)  may  grow  uniformly  by 
repeated  or  constant  proliferation  and  lead  to  globular  swellings 
of  the  affected  bones  (Fig.  44).  The  true  bony  covering  becomes 
more  and  more  thin  until  it  may  actually  be  perforated. 

The  true  chondromata  are  usually  rounded  bodies ;  they  pre- 
sent lobular  irregularity  when  they  reach  considerable  size,  the 
lobules  being  separated  by  connective-tissue. 

All  forms  are  hard,  though  secondary  softening  may  occur. 
In  cases  in  which  association  of  mucous,  sarcomatous,  or  other 
soft  tissue  is  present  the  consistency  is  correspondingly  less.     In 
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some  eases  central  sofleniDg  leads  to  cystic  formation.     The  liquid 
in  the  cyst  is  more  or  less  turbid  and  occasionally  sanguinolent. 

Seats. — Ecchondroses  and  chondroraata,  for  the  most  part, 
take  their  origin  from  bone,  cartilage,  or  periosteum.  The 
ecchondromata  originate  from  the  perichondrium  rather  than  from 
the  cartilage  itself.  In  some  cases  chrondromata  originate  in 
connective  tissue,  as  that  of  the  tendons,  by  a  process  of  carti- 
laginous metaplasia.  Cartilage-tumors  are  met  with  in  some  of 
the   glandular  organs,  notably  the   parotid  gland,   testicle,   and 


Fig.  44.~Chondroma  of  the  thumb  (Warren). 

ovarj' ;  and  rarely  they  occur  in  the  lungs,  especially  at  the  root 
and  springing  from  the  peribronchial  cartilages. 

Ecchondroses  are  most  frequent  about  the  long  bones,  as  those 
of  the  extremities,  and  particularly  at  the  epiphyseal  attachments, 
where  they  may  reach  considerable  proportions.  Situations  of 
great  clinical  importance  are  the  interpubic  and  occipitosphenoidal 
junctions.  In  the  former  situation  ecchondroses  projecting  inward 
may  interfere  seriously  with  labor,  and  in  the  latter  place  carti- 
laginous outgrowths  may  penetrate  the  dura  and  exercise  injurious 
compression  on  the  brain.  Allusion  has  been  made  to  the  ecchon- 
drr>ses  of  the  joints  in  arthritis. 

Chondromata  proper  may  occur  in  the  neighborhood  of  bones, 
in  the  muscles  and  tendons  near  their  bony  attachments,  and  in 
the  organs  mentioned,  but  in  the  last  situation  are  rarely  pure, 
myxoma  being  the  most  frequent  associate. 

Structtlte. — Chondromata  resemble  hyaline,  fibrous,  or  elastic 
cartilage,  the  first-named  being  much  the  most  frequent.  The 
tissue  differs  from  normal  cartilage  in  the  fact  that  the  cells  are 
frequently  without  capsules  and  are  much  less  regularly  arranged 
(^^S*  '*^)-  The  intercellular  substance  is  more  abundant,  and  is 
frequently  g^elatinous,  mucoid,  or  fibrous,  and  not  rarely  the  differ- 
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etit  types  of  cartilage  occur  within  mirrow  limits;.  AssoeiatioD 
with  myxoma  and  surronia,  or  both,  is  common,  cs]>ecially  in  the 
parotid  and  te.stieh^s,  thr  projioTtimi  of  the  .sevtral  in^i^rodients 
varying  g^rt^atly.  Tumors  of  this  kind  iire  siKikin  <»f  as  mixed 
fuumn*,  Calciliration  and  trof  ossifiration  are  not  infrequent,  par- 
ticularly in  eartilairt'-tmiiars  intimately  ronueetcd  with  bone*  The 
term  mh'ochondmma  is  applied  in  auch  ma^cs.     The  name  fjHkoid 
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Pro,  45.— Chondrtymm  of  the  fiyalftic  type. 

rhoiiiltmna  h  applied  to  ehondrc*mata  in  whieb  tbe  intercellular 
enhstance  is  trabeeidar  in  armngenient,  snj^gesting  bone-stnietnre, 
but  ill  whieb  actual  os^^sification  luis  not  occurred.  Such  ii:ro\\lhs 
are  met  with  abont  tbe  bones  and,  as  a  rule,  s[>rin|r  from  the 
jK/ridstenm, 

Degeuerative  changes  are  frequent.  Myxomatous  de^euem- 
tinn  may  oeenr,  though  myxoma  is  more  frequent  as  an  assoi'iatiou 
than  as  a  degeueration*  Sofk'uiii^  uuiy  occur  in  the  center  of  the 
mass,  and  may  lead  to  cyst-rorniation,  this  being  particularly  com- 
mon in  tbe  myxocbondronuila.  Growths  of  this  kind  are  fre- 
<|Uently  c|uite  vascular  aud  lu'UU)rrhages  into  tbe  rysts  may  occur. 
Eventually  such  cases  may  show  searcely  any  cartilage-cells,  a  few 
being  perhaps  detected  in  snrue  |)iirt  of  tbe  <'yst-walL  A  single 
bard  buup  may  be  left  at  one  side  of  tbe  eyyt,  the  rest  of  tbe 
tumor  having  softened. 

Nature. — Chondromata  are  usually  Ijenigu,  and  are  danger- 
ous otdy  throngb  tbe  pressure  they  exert.  Kcmoval  iif  a  jxirt  of 
tbe  tiuuor  may  have  a  lieneficial  infliienee  iu  causing  calcitieation 
of  the  renraiuder.  Metastasis  itiay  undoulrtedly  oeeiir  in  pnrc 
chondromatu  tlmjugb  tmusportat ion  of  particles  in  the  circulation. 
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Such  rarti  I  urinous  eiiiboli  have  often  t>eeii  dt^monst  rated.  The 
Feeoiifliirv  growths  are  most  frequent  hi  the  Itin^s,  Metastatic 
ehoii(ironiata  are,  however,  more  frequently  chondrosarconiata 
than  pure  chondromata* 


OSTEOMA. 

Definition* — An  osteoma  is  a  tumor  eompoAed  of  osseoua 
tissue.  Osteonuita  are  chisel y  allied  to  eurtilagiiious  tumors,  and 
frequently  transfnrmations  *K'eur. 

Etiology. — The  name  diffieulty  is  ex|jerieneed  in  dintin- 
gnisliin*^:  intlammatoiy  outgrowtlis  or  exn^tose?^  fnmi  true  bony 
tumors,  as  in  the  ea.se  of  eartilaginoas  growths.     Enlargement 


of  the  facial  tiones  in  leontia^is  os^eii,  of  the  lit>nes  of  the  extrem- 
ities in  acromegaly  and  bypertropliic  pulmonary  o^stefwtrtbrop- 
athy,  and  ossiHeations  of  the  muscles  hi  myositis  ossiticans,  are 
instances  of  border-line  conditions  separating  true  tumors  tTOm 
inflammatory  hyperf*stoscs.  Irritation  and  traumatism  undoubt- 
edly play  a  inirt  in  the  etiohjgy,  even  in  neo|dasnis  unattacherl  to 
the  bone,  and  in  the  case  of  l)ony  outgrowths  iujiu'y  is  generally 
the  immediate  cause.  An  underlying  pre<hsp»sition  uuthuilitedly 
exists,  and  explains  the  t>eeurrence  of  congenital  multiple  bony 
tumors. 

Appearance* — Two  forms  may  be  distinguished,  as  in  the  case 
of  cliondromata  ^1)  outgrowths  or  exost<Jses  an*l  t)steophytes,  and 
(2)  the  ostcouiata  |jrf»pcr,  or  !ietcniplastie  osteomata.  Exostoses 
an<l  ostcnpbytes  aiv  distinguished  one  ivom  the  otiier  l)y  their 
Bha|»e  and  appearance  ntther  tlian  by  any  t  ssential  ditlereuee.  The 
former  are  direct  outgrowths  of  more  or  less  wart-like  character ;  tlie 
latter  are  more  extensive  and  present  the  a[>peanineeof  bony  deposits 
upon  bojies,  and  are  less  closely  attached  (Fig,  4<i).    In  both  i'ornis 
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the  surface  nf  tlio  trniwtli   h   irregular,  iiLwlylutecl,  or  wart-like 
(Fig:,  -^T).     Tlie  L'unsiiiteney  Ik  that  uf  bone,  and  the  giize  varies 

ihun  that  nf  s^niall  oiitgrowtlis  to 


inas?i(^    as? 


ir^e 


as   a    ti??t.     On 


Ftiv.  47  — O«t«onift  of  the  lower  jaw 


^'etinn  twij  iarni!?  may  lie  dis- 
tingui^lll'd  ;  the  hard  or  oshoimt 
tin  rum,  a  Jul  tlie  ,^oft  *ir  odmma 
Mpom/iomm.  Sometimes  the  i^iiib- 
stance  of  the  tinnrc  h  exceedingly 
<lense,  and  the  term  mleoma  tbur^ 
nt  urn  is  applii  d. 

The  licterf  »[dastie  oleoma ta,  or 
those  separated  inmi  the  bone,  are 
more  roonded  and,  when  of  eon- 
^iderabte  size,  nsnally  noduhited 
and  hiboUitecK  In  the  t?eroiis 
nieml>rane?^  they  t>ccnr  as  flat 
btmv  phites. 

Seats^ — Osteoniata  j^prin^  from  the  I  tone  or  cartilage,  or  from 
eonneetive  tissue  near  the  boues.  More  rarely  they  arise  in  other 
corineetive  tissues,  in  the  serous  membmnes,  or  in  certain  organs, 
notably  the  testicle  and  jiarotid  gland. 

Osteomata  comic  ctcd  with  liones  are  most  frec|nent  al»out  tlie 
epiphyse*.s,  at  the  attachments  i*f  nniscks,  or  at  the  scat  of  old 
fnictures  from  which  al>niidant  calhms  has  Ih^'u  iiejMKsited.  The 
skull-bones  jnay  lie  atfcctetl  on  the  outer  i»r  iruier  surface,  ami 
often  an  elevation  is  notcnl  without  and  within  at  the  same  sjK>t. 
A  iorm  of  clinir^al  imjHirtance  is  that  in  which  cxiistoses  ix'cur  on 
the  inner  aspect  of  tlie  mctatarsid  bone  uf  the  ijreat  toe  irom  <Mim- 
pression  of  ti|j:lit  shoes.  In  the  maxilliiry  bones  osteoniuta  may 
ori^rimite  about  the  rrMits  of  malfnrme<l  teeth.  In  cases  of  aeeomu- 
latiou  of  eement-snbstance  beginning  at  the  neck  of  the  tooth  the 
term  fit' nit  jI  osteoma  is  applied;  these  are  strictly  comparable  to 
osteomata.  In  cases  in  which  prolitenitiou  of  the  tlental  pulp 
has  occurred  the  term  otfontfmKf  is  apjilitnihle,  and  tJie  tumor  is  not 
of  osseous  chamctta\  The  liony  joi^rowths  somctiiui's  seen  in  the 
serous  smrliiees  nearly  always  arise  in  areas  in  which  th*Te  has 
been  tliickeniug  from  chronic  inflammation*  Tiicy  are  most  fi^e- 
ouent  in  the  dura  mater  of  the  bniin,  particularly  the  falx  rerehri ; 
tiiongh  the  memlinnics  of  the  eonl,  the  jJenni,  or  |>erieimltum  may 
be  involved. 

Structure, — Microse<jpi<"ally  c»stcomata  rescmbli'  more  or  less 
accurately  hoiu^-t issue.  They  vary,  tiowtver,  in  different  areas, 
and  mixtures  of  eartila^^^e  with  l>ony  tissue  are  fre(|m^ut.  Second- 
ary <legeuerativc  changes  (s4jfteiiing)  may  (K!cur  and  association 
witli  tumors  of  other  character  are  not  infretjiient  (^chondroma, 
myxoma,  fibroma,  sarcoma). 
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Nature,— ThoH'  growths  an*  eminently  bonign,  flo  nut  rt/cnr, 
and  do  not  give  rnetasttisis,  Tlieir  sittialiou  sometimt'i!i  makes 
them  trouljlesome  or  ilangerrms. 

LYMPHANOIOMA. 

A  lymphangioraa  ig  a  tumor  eoniposed  of  dilated  lymph-vci^els 
or  lymph-?|)aees;  more  frequently  the  latter.  It  is  ditfieult  to 
gepimite  dilatations  of  lyniphatie  ehannels  due  to  olistruetii^n  froni 
Iiyperplastie  proeesses,  CVmgenital  enlargements  of  eertain  [wirts 
are  met  with  whioh  seem  entirely  dependent  n]K)n  the  abnormal 
development  of  the  lymph-spaces.  These  efvnstitnte  t!ie  eondititm 
called  ekphm}im,^iA  coiigmita  molfm^  in  which  the  suhentaneons 
tissues  are  boggy  or  edematous,  ami  even  distinct  eystie  formations 
oeeur*  Coitf/ttiiiai  r  if  stir  lufgmmii  Is  an  instance  m{'  dilatatifJii  of 
the  lymph-s{xiees*  Congenital  enlargerntiit  of  tlie  tongue,  termed 
nuterof/iossin  ;  of  the  lips,  muerorlmila ;  and  of  the  skin,  mn'toi 
fifmphaftcus;  are  other  instances  of  the  same  process.  In  all  of 
these,  in  addition  to  tlie  dilatation  of  the  lymphatic  spaces,  a 
tnarke*!  proliteration  of  the  conneetive  tissues  as  well  as  the 
ninsele  (in  the  ease  of  t!ie  tongue)  is  striking;  iiut  tlie  prcK^ess  in 
all  probability  originates  as  a  dilatatii>n  of  tlie  lympli-spaees. 
The  terras  iifniphtjitr/fottiff  etfixntoi^uin  ami  earernoma  /t/mphafumm 
have  been  suggi'sted  for  these  eases  of  dilatation  of  the  lympli- 
Spaces.  On  ytaiuing  with  silver-salts  the  endothelial  lining  of  the 
spaees  may  l>e  readily  demonstrated.  Actual  enlargement  and 
varicosity  of  existing  lyniphatie  ve.^sels  may  wcur,  but  is  ex- 
tremely nire  in  the  funn  of  ei re luu scribed  growths  ;  it  is  met  with 
more  irequently  in  association  with  general  prc^eesses,  sueh  as  ele- 

?>hnntiasis.      Tiic    bursting   of  dilated    lymphatics   may   lead   to 
tfmphort'hea  or  external    dihiehargc  of  lyin]rh  when    the  process 
involves  the  skin,  or  to  effusiims  of  lymphatic  ebaraeter  when  the 
tBtTous  cavities  are  involved.     Chylous  {HTi<'arditis,  jd(  uritis,  and 
^ascites  are  thus  prodnecil.      Ru])tin'e  of  dilated  lynijihatics  along 
the  iirinarv  tnict  (kichit^y  or  l>la<ldcr)  <KM'asions  **hi/inria.     Lymph- 
1  ftogioma  is  a  benign  prcw^ess  in  the  patliologie  sense. 

HEMANQJOMA. 

Definitions^ An  hemangioma,  or  angioma  as  it  is  more  fre- 
quently called,  is  a  tnnior-like  formation  conqHised  jirinci pally  of 
MrMMl-vcssels.  Strietly  speakings  many  of  tlu-se  are  not  tumors, 
Keing  uTerelv  localized  di  hi  tat  ions  and  elengations  of  pre-cwi  sting 
bhxxl- vessels.  Sijnie,  however,  represent  actual  proliferations. 
Two  varieties  may  be  described,  that  which  simulates  merely  dis- 
tended capillaries  anrl  veins  (tmf/ioma  tefemiffiixiaftcmn),  and  tiiat 
in  which  there  are  enlarged  spaces  lined  with  endothelimn 
Aan^lomtt  carrrnomnn  or  rannioma}.  In  many  tumors  the  blotxl- 
vessels  are  sctmewliat  enlarged;  these  are  spoken  of  as  telean- 
giectaiie. 
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Btiology. — Congenital  malformation  certainly  plays  some 
part  in  certain  cases,  as  the  frequency  of  hemangiomata  in  the 
new-bom  and  particularly  at  the  junction  of  the  branchial  arches 
would  indicate.  Injur\%  however,  and  meclianical  causes  gener- 
ally also  play  a  part,  and  pre-existing  disease,  jiarticularly  fibroid 
inflammatory'  processes,  may  contribute  to  the  subsequent  dilata- 
tion and  proliferation  of  the  vessels  (see  below). 

Appearance  and  Seats. — The  angioma  teleangiectaticum 
may  ix)nsist  merely  of  delicate  capillaries  and  arterioles,  and  in 
this  case  a  bright-red  color  is  observed.  The  tumor  api^ears  as  a 
spot  on  the  surface  of  the  skin,  more  or  less  shaq>ly  outlined  from 
the  surrounding  tissue.  It  is  not  elevated  and  has  the  same  con- 
sistency as  the  healthy  parts.  Usually  it  occurs  as  a  multiple 
condition,  an  1  the  larger  are  often  surroundeil  by  smaller  s|)ots. 
The  skin  is  the  favorite  seat;  but  the  sul)cutaneous  adipose  tissue 
and  sometinu*s  the  mucous  membranes  are  involved.  Less  c»om- 
monly  larger  (venous)  channels  occur  in  the  tumor,  when  a  dark- 
re<l  color  is  ol)serve<l  (port-wine  stains). 

If  a  cirL*ums(*rilKHi  {)ortion  of  the  circulation  is  uniformly 
involve<l,  the  vessels  thicken  and  elongate,  and  a  jKxniliar  form 
of  hemangioma  rt»sults.  In  these  cases  the  arteries  are  greatly 
thickeneil  and  tortuous,  and  form  bunches  under  the  skin,  sug- 
gesting to  palpation  a  bundle  of  i^arth- worms :  while  the  surtaw 
of  the  skin  presents  peculiar  irregular  elevations  without  of 
necessity  any  change  of  color  (aneury^nna  racanosum  sen  cir- 
aoidenni).  This  is  not  infrequent  in  the  scalp.  A  similar  condi- 
tion of  the  vessels  is  observe<l  in  the  varicosity  of  the  l^:s,  labia, 
or  other  parts.  It  is  most  frequent  in  the  hemorrhoidal  veins, 
constituting  the  onlinan*  heniorrlioids.  (Thc^se  c*t>nditions  do  not 
strictly  constitute  tumors  and  will  lx»  more  fully  describeil  in 
discussing  the  dise:ises  of  the  vessels.) 

Cavernous  angiomata  present  themselves  a<  more  distinctly 
tumor-like  formations  of  dark  venous  color,  involving  the  skin  or 
subcutaneous  tissues,  the  retrobull>ar  tissue  of  the  eye,  the  mucous 
membranes  of  the  nose  or  pharynx,  and  certain  organs,  as  the 
mammie,  the  kidney,  the  spleen,  but  jiarticularly  the  liver.  Like 
the  other  variety,  they  may  l)e  ct>ngenital,  but  more  frequently 
arise  in  later  life,  esptvially  tliat  of  the  liver,  which  is  most  ci>m- 
nion  in  old  persons.  The  ap|K»arani*e  is  that  of  a  more  ciivum- 
soribe<l  tumor,  sometimes  showing  a  di>tinct  mi^sule  and  \"arying 
in  consistency  with  the  degree  of  distention  of  the  blood-spaces. 
In  the  skin  it  pnyects  slightly  fn>m  the  surface  (iKrriw  promi^ 
nciM) :   in  the  liver  the  tumor  does  nm  projivt. 

Structure. — The  definition  explain>  the  structurp  in  general. 
The  bkHxl-vessels  of  leleangiwtatic  anjriomata  may  l>e  simply  di- 
latiKl  csipillaries  with  a  lining  of  endothelium  and  a  fibrous  outer 
coating.  More  commonly  the  vessel?  are  considerably  thickened 
and  held  together  by  a  reticular  connective  tissue.     In  rare  in- 


PRoanEssiVE  tissue-changes. 


161 


stances  the  vcsaels  are  8o  closely  iiacked  and  the  walls  so  thickened 

that  wheu  the  blood  Ls  removed  the  appc  araiice  h  oot  unlike  tliut 
of  the  tubules  of  a  sweat-gland.  The  congeries  of  vesseLs  of  a 
leleiingiectatic   angioma    represents    the   elongated    antl    tortuous 


Fig,  4«  — Cavernoiw  AngtomA  (Warren), 


vessels  of  the  affected  area,  and  alrio  iiew-fornicd  vessel'?  originating 
from  the  former.  The  only  connection  of  the  angioma  wifch  tlie 
general  circn latino  is  through  one  or  a  few  afferent  arterif^les  and 
efferent  veini^.  The  growth  is  not  merely  an  enlargement  of  |U't.*- 
exi^ting  vesj^els,  but  an  actual  new-f  >rination» 

The  cavernous  angiumata  present  large  spaces  lined  witli  endoth- 
elial cells  (Fig,48k  Between  these  spaces  are  parallel  fibers  of  con- 
net^tive  tissue  which  form  tlie  framework  of  the  tumor.  In  eases 
involving  the  liver  the  proper  substance  of  this  organ  (lisapjM?ars 
eonipletcly^  leaving  only  anastomosing  spaces  with  a  fibrous  frame- 
work. Vircliow  taught  that  the  lilirnus  jimeess  was  ]>riiuary,  and 
by  traction  an*l  jircssure  gradually  inductHj  dihitatifui  of  the  vessels 
and  atrophy  of  fhe  liver-substance.  Sou^e  of  the  more  recent  writ- 
ers believe  that  tlie  dilatation  of  the  vessels  is  tfie  primary  eondi- 
tron.  The  capsule  sometimes  found  snrn>nnding  the  cavernous 
angioma  is  certainly  a  secondary  formatitai. 

Angiomata  of  the  skin  may  enclose  liie  hair-follieles  and 
swetit-glands  ;  those  of  the  subcutaneous  tissue  fretpicntly  show 
areas  rich  in  fatty  tissue  (angiolii>onia) ;  secondary  angiomatous 
n 
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change  of  tumors  is  probably  the  result  of  dilatation  of  the  pre- 
existing or  new-formed  vessels.  Sometimes  secondary  change 
may  occur  in  the  connective  tissue  of  the  vessels  of  an  angioma, 
as  in  the  plexiform  angiosarcomata,  in  which  the  blood-vessels  are 
surrounded  by  ensheathing  sarcoma-cells  (see  Fig.  48).  Certain 
cylindromata  have  the  same  origin. 

Nature. — Angioma  is  essentially  benign,  and  may  continue 
through  life  without  enlarging.  Hemorrhage  and  inflammatory 
or  necrotic  clianges  are  its  dangerous  consequences. 

LYMPHADENOMA. 

Definition. — This  term  is  here  used  to  designate  a  more  or 
less  malignant  form  of  new-growth  affecting  the  lymphatic  glands 
or  other  lymphadenoid  tissues,  and  having  the  structure  of  lym- 
phatic tissue.  The  clinical  name  for  the  condition  is  Hodghin*9 
DiseaHr,  or  Pseudoleukemia,  Lymphadenomata  may  be  considered 
as  forms  of  sarcomata,  or  at  least  as  closely  allied  to  sarcoma.  The 
term  iT/mphosarcoma  is  sometimes  applied,  but  is  more  appro- 
priately given  to  growths  of  a  more  definite  malignant  nature, 
having  the  reticulated  stnicture  of  lymphadenoid  tissue.  Other 
names  applied  to  lymphadenoma  are  malignant  lymphoma  and 
lymphoma. 

Btiology. — It  is  exceedingly  difficult  to  establish  the  limita- 
tions of  the  term,  and  especially  to  decide  whether  or  not  certain 
cases  in  which  definite  etiologic  factors  have  been  discovered 
belong  to  the  group  under  consideration  or  should  be  separate<l. 
There  are  cases  of  infectious  enlargement  of  the  glands  and  trau- 
matic swellings  that  cannot  be  clearly  distinguished.  In  some 
cases  even  the  clinical  course  is  the  same  and  a  separation  seems 
im]X)ssible.  For  example,  the  glands  in  a  numi)er  of  instances  of 
Hodgkin's  disease  (as  far  as  the  clinician  can  establish  this  diag- 
nosis) have  been  found  to  contain  tubercle  i)acilli.  We  must  con- 
clude that  general  lymphatic  tuberculosis  may  occur  in  the  clinical 
form  of  Hodgkin's  disease,  but  cannot  assert  that  this  establishes 
the  pathologic  identity.  The  presence  of  tubercle  i)acilli  may 
furthermore  be  explained  as  sometimes  the  result  of  secimdary 
infection.  In  a  number  of  well  studied  cases  the  absence  of  tuber- 
cle bacilli  has  been  ])roved  by  the  inocuhition  of  animals. 

Various  micrococci  and  bacilli  have  been  discovered  in  glands 
from  cases  of  Ho(lirkin\s  disease,  but  their  presence  must  be 
reganled  as  accidental.  In  a  few  instances  bodies  resembling 
protozoa  have  been  discovered. 

Appearance  and  Seats. — Lymphadenomata  ])resent  them- 
selves as  enlargements  of  the  lymphatic  glands  of  a  single  group, 
or  more  commonly  of  a  number  of  groups  in  diflerent  parts  of  the 
body.     All  of  the  glands  of  the  group  may  be  involved,  or  only 
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u  few.  The  intlividiial  glands  retain  tlieir  shajM,  as  there  is 
usually  no  toiulenry  to  extcusion  Ijeyond  tlie  capsule  of  the  gland. 
In  exeeptioiKil  rases,  however,  the  process  is  uf  a  more  in  Hit  rating 
kind  ami  the  eapsule  h  penetrated  or  destroyed-  These  instances 
merit  tlie  special  term  lyniphosareoma. 

Lyniphadenomata  may  i>e  mft  uv  hiirdf  aceording  to  the  amount 
of  connective  tissue  and  the  dens^nt's^  of  tht^  celluhir  infiltnitiiin 
and  proliferation.  ( >n  section  tlie  tumors  are  found  lo  be  grayish 
or  whitish  in  appearance,  and  exceptionally  may  show  slight  areas 
f>f  necrosis  or  softening.  Extensive  softening  is  exceedingly  rare. 
The  individnal  glands  nf  the  gronp  may  he  clearly  distinct,  or  may 


Fio.  4I>.— Lymphntlih  I  I  '  I  inf-hosarcomttt  probably  <>rlifiiiiitiiitr  In  rtuitiatit  nf  tbymua 
KlAlid  ;  the  Iuiji't  <  -  i  r.  ■  I  the  U|tfjcr  xmrt  **f  ibe  htarl  hk*'  a  hvt^L  The  ilLuMrtitiun 
diows  the  tiimur  turned  upw  wnl  uinl  exiMtaiii^  ibe  ijcriuttnitma  on  its  under  surface. 

be  fitted  together  hy  interglandular  eon neetive-t issue  overgi^iwth 
or  by  the  penetration  nf  the  lympliadcnomatuus  pnpei'ss  thrnogh 
the  capsule. 

When  superficial  lymphatic  groups  arc  involvetl  tumors  of 
various  sizes  are  pnMhirrfl^  and  project  as  knohhv  or  rounded  en- 
largements beneatli  the  skin.  The  latter  is  freely  mnvalde  nver  the 
tumor  nnlcKS  the  gntwth  has  penctratc<l  the  eapMilc  or  se^condary 
inflamniatory  elianges  lutve  uceurred.  In  the  case  of  internal 
glands  large  intnittiuraeic  or  ahdr*ruinal  growths  may  l)c  fr^rmed, 
and  may  exen^^i^^e  destructive  eom|iressic)n  tif  vital  parts. 

Simihir  lymphadennniat<*us  gi-owths  may  spring  fri>m  the  lym- 
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phatic  tissues  of  the  gas tro- intestinal  track — tonsils,  lymphatic 
follicles  of  gastric  and  intestinal  mucosa. 

Sometimes  the  primary  gnnvth  seems  to  l)egin  in  the  thymus 
glancl  or  its  remnant  (Fig.  49 j.  Tumors  of  considerable  size  are 
produced  in  these  cases,  and  their  origin  is  recognized  by  their  slia{)e 
(two  lateral  parts  united  bv  a  sort  of  isthmus)  and  by  the  absence 
of  the  apjK?arance  of  a  conglomeration  of  glands.  In  these  cases 
the  adjacent  glands,  and  later  more  distant  groups,  an*  involved. 
Jjymphadenoma  may  be  confined  to  the  glands,  but  frequently 
extends  to  the  solid  organs  by  metastasis.  The  spleen,  liver,  and 
kidneys  are  the  organs  most  frequently  affected.  They  become 
enlargtKl  and  indurated,  and  on  section  show  light-colored  areas  of 
lymphadenoid  tissue.  Similar  ''lymphoid  intiltration"  may  he 
seen  in  the  heart,  lungs,  or  other  parts. 

Lymphadenoma  may  affect  the  bone-marrow  secondarily  and 
perhaps  primarily.  (Reference  will  be  made  to  this  under  the 
title  Myeloma,)  Sometimes  the  tumors  have  a  yellow  or  green 
color  and  are  called  Moroinaia  (7.  v,), 

Stmcture. — Histologically  the  glands  in  the  earlier  stages 
show  a  hyperplasia  of  lymphadenoid  tissue  with  predominance  of 
small  cells  (lymphocytes).  I^ter  larger  cells  with  pale  nuclei 
make  their  appearance.  These  are  doubtless  in  the  main  pro- 
liferated endothelial  cells  of  the  lymph  -  sinuses.  They  may 
enlarge  to  form  mononuclear  or  poly  nuclear  giant  cells,  the  nuclei 
dividing  by  amitosis.  Sometimes  large  areas  of  nucleateil  proto- 
plasm (syncitial  tissue)  are  observed.  Coincidently  witli  the 
appearance  of  these  epithelioid  and  giant  cells  there  is  forme<l  a 
reticular  fibrous  network  which  increases  with  the  age  of  the 
process  till  the  gland  becomes  quite  indurated.  A  somewhat 
characteristic,  though  not  constiuit,  feature  of  the  histology  is 
the  presence  of  numerous  eosinophile  leukocytes  scattered  through 
the  tissue  or  in  small  mass(»s.  Plasma  cells  and  mast  cells  may  be 
pres<'nt,  l)ut  are  not  characteristic. 

The  spl(»en  may  show  similar  (.'lianges,  beginning  in  the  Mal- 
])igliiaii  bodies,  l)ut  in  many  crises  is  affected  in  but  slight  degree 
or  not  at  all. 

The  bone  marrow  presents  a  picture  of  proliferation  of  myelo- 
cytes. 

The  liver,  kidneys,  lungs,  gastro-intestinal  mucosji  and  other 
tissues  may  be  extensively  involved,  ])resenting  new-formations 
of  the  same  character  as  those  in  the  glands  and  originating  from 
the  lym])lioid  masses  normal  to  these  parts.  These  lesions  were 
formerly  regarded  by  most  authorities  as  simple  metastases,  but 
are  now  thought  by  many  to  be  proliferations  of  existing  lymphoid 
tissue.  Some,  as  Hibbert,  hold  that  they  are  metastatic  and  are 
due  to  proliferation  of  metastatic  cells,  which  however  are  attracted 
to  preexisting  lymphoid  coUw^tioiis  by  a  species  of  chematoxis  that 
seems  to  invite  the  doposit  of  cells  in  areas  where  similar  cells  exist. 


The  o<:;casional  ptrtbratioii  l»y  tlie  growths  of  small  bhanl 
vessels  with  proliferation  witliiii  the  vessaels  is  a  strong  argument 
io  favor  of  the  oeoplastif  nature  of  the  procejas. 

Nature, ^Lyiuphudentmiii  is  varialily  malijijnant.  In  a  small 
projMjrtion  of  the  ea?>ert  this  malignancy  is  of  local  rharacter— that 
is»  the  *,^piwth  tends  to  invade  ttie  neighbi»ring  pirts.  In  most 
instances  there  is  rather  a  tendeney  to  general  involvement  of  tlie 
lymphatic  system^  with  seetunhirv  growths  in  various  organs.  To 
eases  of  tliis  kind  the  terms  Hodgkin's  disease,  psendoteukemia, 
and  adenia  have  been  given.  These  cases  present  tliemselves  in 
the  form  of  a  progressive  anemia  {lymphatir  anemia— Wilks)^  often 
with  irregularly  relapsing  lever  (ehrimic  relapsing  fever — Epstein), 
and  especially  with  lymphadenonjatons  tumors  hi  the  snptrHcial  t>r 
tleep  lymphatic  groups  (axillary »  cervical,  inguinal,  mediastinal,  or 
abdominal).  Tlie  disease  pn>gresses  more  or  less  rapidly,  antl 
terminates  in  death  from  ciichexia  and  exluiusticm  in  from  ime  to 
tliree  years.  Occasionally  the  course  is  rapid,  repealed  hemor- 
rhages or  pyrj)ura  may  occnr,  antl  a  fatal  termination  is  reaehtnl 
in  a  few  weeks  or  morjths.  Tlie  whole  conrse  of  the  disease  is 
in  tliese  castas  suggestive  of  an  infections  process.  Tlie  chronic 
caset*  may  be  infeetitnis,  or  due  to  some  torm  of  toxemia,  but 
are  at  present  racire  appn^priately  considered  under  tiie  head  of 
tumors. 

The  relation  of  Hodgkin'S  disease  and  lenkeniia,  especially  the 
lyuipliatic  tyjie,  is  certainly  very  close.  The  glamlular  tuniurs 
and  the  secondary  eliangi's  in  the  organs  are  very  similar,  except- 
ing that  the  lymphatic  glands  are  more  prominently  involved  in 
ordinarv  lympha<leiioma  antl  tlie  marrow-elianges  more  striking  in 
leukemia.  The  only  striking  difference  is  found  in  the  blotxi.  In 
leukemia  there  is  marked  and  rharacleristic  lenktwytosis;  in  the 
other  condition  this  is  absent.  3Iany  eases  huve,  however,  been 
observed  in  which  ilodgkinV  disease^  has  become  leukemia  ;  and 
some  authors  do  not  hesitate  to  speak  of  t!ie  two  diseases  as 
identical  and  representing  merely  two  stages  of  a  com  mem  affec- 
tion. According  to  this  view,  we  might  classify  different  cases  as 
either  ieukemic  or  ainthinic  ltfmf*hiftft'tiom*ifft.  This  view  seems  to 
me  well  grounded. 

The  blood  in  aleukemic  eases  shows  m*»re  or  less  pronunnced 
reduction  in  the  nnmber  of  red  cells,  and  a  normal,  reciuced,  occa- 
sionallv  a  ramlerately  increased,  number  of  lenkocytes.  The  small 
mononuclear  lenkoeytes  are  sometimes  in  relative  excess*  In  acute 
eases  nucleated  red  cells  may  be  found. 

The  cau^ses  and  nature  of  the  irregular  tV'ver  are  uncertain.  It 
may  be  «lue  to  an  in  feet  ions  cause,  or  may  be  the  result  of  breaking 
up  of  leukm'vtes  and  I i Iteration  of  fennents. 

Multiple  Myeloma, — This  growth  jitteeta  the  sternuni,  rib*,  vert€bT«B, 
skulh  and  leas  freqaeutly  ottipr  bone^.     The  tumor  iit  tirst  ^ugge^U  a  hyper- 
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iiiji-ii';  ^y^ijdition  of  the  marrow ;  later  the  fruUstauce  of  the  bone  is  replaced 
by  tjj*r  gTom-».h.  whir-h  luay  fiDallv  break  throuj^h  the  *»hell  nf  bone  covering 
jt  and  iiira'i<r  tije  v^Ax  tii^^^ues.  Metar>ta^i?«  i>  ver>*  rare.  The  growth  has  a 
iiiotiie'i  g^rayi.Ji  and  re^Jdish  aiifM-arance  and  U  rather  soft.  Microscopically 
it  is  coiDjKri-e*!  of  v^uiaW  round  cell?*  and  a  vascular  network  of  thin-walled 
Te*y*ei».  The  cell»  resemble  small  myelocyters,  or  possibly  in  some  cases 
pla*uja-<^li-. 

SARCOMA. 

Definition. — The  term  sarcoma  is  applied  to  tmnors  composed 
of  conn^-i-tive-tis^ue  cells  with  ven*  little  intercellular  substance. 
It  ir?  otun  Mild  tliat  sarc<»ma-cells  roemble  those  of  embryonal 
connw-tive  tissue :  more  projx^rly  h|)eakin^,  they  may  l>e  likened 
U)  th^f  ordinary  connective-tissue  cell  falling  short  of  complete 
devejopini'iit.  There  is  little  tendemry  in  sarcoma  to  the  forma- 
tion of  fibrous  int<*rcel hilar  substance,  but  a  great  tendency  to 
ryintinuous  cell-proliferation. 

Etiology.— (>f  all  the  tumors  sarcoma  furnishes  the  best 
ground  for  Cohnheim's  theorj'.  Its  frwjuent  occurrence  in  young 
j>ersons,  the  relation  of  melanosarcomata  to  congenital  pigment- 
hjiots  of  the  j^kin,  and  the  sarctmiatous  mixed  tumors  of  the  jiarotid 
and  testis  were  citfKl  by  Cohnh(*im  among  the  evidences  pointing 
U>  a  congenital  origin.  Traumatism  and  inflammation  certainly 
play  some  part,  either  in  stimulating  sudden  growth  of  a  latent 
san/oma  or  in  <leveloping  a  l(»sion  from  which  sarcoma  s|irings. 
The  i>arasitic  the<jry  has  gained  many  adherents  in  recent  years, 
though  no  s|>eciHc  organism  has  been  demonstrated.  Experiments 
at  implantation  of  the  disease  in  animals  have  been  partially  suc- 
cressful,  but  do  not  establish  an  infei.'tious  diameter  as  lias  been 
shown  in  prece<ling  jMiges.  Recently  intracellular  protozoan  organ- 
isms have  been  descTibed,  but  these  are  doubtless  various  unim- 
j)ortant  inclusions  or  cellular  degenerations.  In  some  cases  the 
structures  dcsiTibed  are  certainly  nuclear  degenerations.  It  is  not 
impn^baiih*  that  certain  lymphosarcomata  may  be  due  to  the  action 
of  iiacteria. 

In  connection  with  the  supposed  infectious  nature  of  sarcoma  it  is  of 
intercHt  tr)  note  that  a  rehitionship  has  been  observed  l>et\veen  sypliilis  and 
Karcoina.  This  is  based  on  the  fact  tliat  some  cases  disappear  under  anti- 
«y|)hilitic  treatment. 

Appearances. — Sarcomata  are  generally  more  or  less  roundiKl 
tumors  often  enclosed  by  a  capsule;  they  may,  however,  be  irregu- 
lar, infiltrating,  and  therefore  unencapsulated.  Some  forms  appear 
on  surfaces,  spreading  as  flat  elevations  more  or  less  irregular  in  out- 
line. The  consistency  is  soft  or  hard  according  to  the  number  of 
cells  and  the  amount  of  intercellular  substance,  or  according  to 
the  kind  and  amount  of  associated  tissue  (myxomatous,  chondrom- 
atous).  Typical  sarcoma,  as  the  name  implies  (<Tao?,  fleshy,  is  flesh- 
like in  consistency,  and  frccjueiitly  on  section  the  color  is  pink  or 
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of  a  fles!i-tint.     Many  nf  the  san*utiiMta,  Imwover,  are  quite  white 
or  ^niy^  and  a  >vlHtisli  liijuid  i^xude>5  Iroui  the  surfaee  on  seetioiL 

Dilatiition  of  the  hlcKxl-vessels  may  cau.^e  a  dceidedly  hemor- 
rhiigie  appearance,  ond  netnal  hemorrhages  may  take  phiee,  oaii?4in|r 
hli>od-cyst<  or,  .snhsefjnently,  sernns  ey.sts.  Other  de^eiierative 
oliiio^es,  such  as  iieerosis,  mnentt]  fhanjj^e,  and  slniph^  Ittpiefaetion- 
neen»sis^  may  render  ?saivuniut:i  stif't  and  often  eystle.  Sarcomata  of 
^landuUir  orgsiUH  like  the  lirea«t  may  present  a  eystic  appearance 


TtG.  ^,->8««ond*rf  varcomata  of  the  iuni;:  the  prhnErf  growth  was  attaehed  to  Ihe 

pleura, 

in  consequence  of  eompression,  and  suhHequent  dilatation,  of  the 
irhinduhir  dui-ts  and  aeini, 

Angiosiireoujata  (the  variety  in  whieh  «ure<nna-c*ells  spring 
from  the  adventitia  of  hlood-vesselB)  present  tlieni?f<'lves  as  more 
or  letiii  irregular  growtlis,  frequently  Mattened  and  hmnching  when 
the  surfaces  of  organs  are  involved. 

Secondary  siireomata  are  nmlular  in  eharaeter  and  nearly  al- 
ways present  a  eajisule  if  the  size  is  at  all  considerable  (Fig.  50)* 
They  are  nsually  white  or  pinkish  ;  rather  firm  on  section,  but 
with  a  t€nden(*y  to  eentnd  necrosis  or  solleni ng.  In  some  eases 
almost  every  part  of  the  l)ody  may  be  studded  with  minute  whit<3 
s\}ot^  peareely  distinguishable  from  miliary  ttd)eix;les*  This  con- 
dition is  called  mrcomnimiii. 
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8cat0. — SarciHiiata  Hpring  from  pre-existing  connective  tis- 
WMfH,  Hii(4i  an  the  Bubcutaneous,  intermuscular,  periosteal^  or  tendi- 
nous tiMHues  ;  bone^  cartilage^  fat,  lymphatic  glands,  the  submucous 
and  serous  surfaces.  They  may  arise  in  the  internal  organs :  kid- 
ney, liver,  spleen,  thyroid  gland,  testis.  The  individual  seats  will 
be  further  (considered  under  the  different  forms. 

Stmcttire. — The  sarcoma-cell  is  rounded,  cylindrical,  spindle- 
tfhaiKid,  or  of  ]K>lymorphous  forms,  the  latter  usually  being  larger 
than  the  round  or  spmdle-forms.  The  large  number  of  cells  in 
eomiMiriHon  with  the  amount  of  intercellular  substance  is  always 
(*()nH|)i(MiouH.  The  cells  themselves  contain  rather  large  nuclei  of 
a  somewhat  vesicular  appearance,  though  sometimes  quite  granular. 
In  nipidly  growing  tumors  karvokinetic  figures  may  be  very 
abundant ;  less  frequently  the  cells  show  evidence  of  direct  divis- 
ion of  the  nuclei.  Nuclear  degenerations  (karyorrhexis,  kar^'o- 
lysis,  and  hy|)erchromatosis)  are  frequent,  and  doubtless  cause 
some  of  the  appearances  supposed  to  be  protozoa.  The  arrange- 
ment of  the  cells  in  sarcomata  is  usually  very  irregular ;  in  some 
eases,  how<»ver,  particularly  in  spindle-celled  sarcomata,  the  cells 
li<»  in  fasciculi  or  parallel  columns.  The  intercellular  substance 
eonsisttt  of  a  homogeneous  matrix  with  a  few  fibers  in  the  case 
of  thi»  spiiulle-c^elled  variety,  but  with  few  if  any  in  other  cases. 
The  e(»lls  may  be  all  of  one  type,  but  more  frequently  different 
forms  or  shapes  occur  in  the  same  tumor.  Among  tlie  polymor- 
phous forms  of  cells  may  be  noted  large  flattened  cells  resembling 
endothelial  plates  and  giant-c<»ll8  resembling  myeloplaques.  (These 
forms  will  be  disiMissed  under  the  headings  p]ndotheIioma  and 
(Jiant-eelled  SarexMua.) 

T1m»  bloo(l-v(»ssi^ls  of  sarcoma  art*  usually  channels  line<l  with  a 
single  eiuloth(»lial  coat  (see  Fig.  52),  but  there  may  be  more  fully 
tleveloped  vessi»ls.  In  some  easels  the  vas(»ular  network  is  very 
eonspi(»uous  and  fi)rms  the  skeleton  of  the  *tumor,  the  sareoma- 
cvUs  being  nuigtnl  nnuul  the  vessels  in  the  form  of  mantlet^  and 
pn>lmbly  springing  fn)m  the  adventitia.  Se<H)ndar}'  changes  may 
iH'cur  in  the  i»ellular  massifs  surrounding  the  vessels,  and  jHTuliar 
tonus  of  tumors  thus  rt\*iult  (stn*  Cylindroma). 

Combinations  of  stiriHtnm  with  other  forms  of  tumors  are  not 
mn\  .\11  gra(h»s  betwwn  the  tnie  sjinM>ma  antl  the  fibroma  may 
W  mot  with,  ami  it  is  ditfieult  to  draw  a  line  of  distinction. 
Whenever  a  tendency  to  tn^Uular  pn^literation  is  conspicuous  and 
the  t\>rmatiou  of  fibn^blastic  ivUs  with  elongateil  fibrous  pnyiv- 
tions  is  not  (M*nsi>icuous  it  is  warranteil  to  n.vonl  the  tumor  as 
sjinHMuatous.  Prunary  fibromata  may  become  sarcomatous,  and 
sim^omattms  tumors  jHThajv*  at  times  IxHxmie  mon*  benign  by 
fibnuuatous  transformation.  Combinations  Avith  chondnHua,  os- 
teoma, myxonui.and  other i\>nneotivt*-tissue tumors;  with  adenoma, 
rlmlHlomviMua,  and  fibnmiyoma  an*  not  infnHjuent.     Mon*  mn'ly 
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the  fibrous  tissue  of  thr  iMiiign  tumors  uiay  uj^ilcrgo  sarcomatous 
chai»ge. 

The  structure  td*  individual  forms  of  saret^ma  will  be  separately 
con8i<lenML 

Nature,— Sart^oma  is  es.sentially  mali^uaut.  It  tends  to  I'eenr 
aftt^r  r*?un>viil  :  it  affects  the  ^r^n€•nll  liealtli  of  thr^  pjitii^iit  ;  iiud 
metastasis  is  ireqiieut.  Metastiisi>  (K-eurs  throiiirli  tlie  eirculatiou. 
The  liegree  of  malii^uauey  varies  greatly.  The  small  rcjund- 
celled  and  uielauotic  varieties  are  the  most  dangerous.  Some 
forms,  as  the  giaiitH*elieil  and  the  librosarf*omata»  are  eorapara- 
tively  lit^nii^n,  Tlie  relatively  heiiitrn  ff>rm  of  timior  ealled  reeitr^ 
rmf  fihrolff  tumor  \\y  Pa^^et  is  in  real  it  v  a  (ihrosanvima.  The 
growth  of  sarcomata  is  usually  rather  mpid^autl  uiny  l>e(x>me  very 
nipid  iu  eoiiserjuenee  i>f  irritatinu. 

S«ireomata  an*  injurious  to  the  geueral  health  in  some  ohsenre 
wny.  The  evidenee  of  this  is  tlie  anemia  and  hnikoeytosis  and  the 
irrejtrular  fever  i>liserved  in  various  eases.  The  aniunia  lua}'  l>e 
trivial  or  severe,  and  may  Inrome  extreme,  Ijeukoevtosis  is  fre- 
quent, hut  rarely  mai'k*'d.  The  pitlymorphous  elements  may  l>e 
Bpeeially  inereasrd,  but  I  iiave  fouiul  the  lympluH-ytes  exeessive  in 
a  number  of  eases.  Irregular  iever  is  often  noted  in  lymphosjir- 
eoma  and  general  sareoraatosis.  Neerotic  ehange  may  iuert^ase 
the  teudeney  to  fi-ver.  The  exaet  inflnt^nee  of  sarcoma  on  metab- 
olism  is  unknown. 

Spindle-celled  Sarcoma* 

This  form  may  consist  of  eitlier  large  or  small  spindle-shaped 
cells  with  attenuated  and  sometimes  l>ninchiug  extremities  (Fig. 
51)*     Angular    or    stellate    cells    are    unt   iutreqneut.     TIk^    cells 


Fig.  W.— Cella  frum  u  Jnrge  a piodk' -celled  sarcomii  (Ziegter). 

be  ranged  in  parallel  eolumns,  so  that  the  tissue  l)eeomes 
eomjmct ;  and  faseicidi  ot"  such  r/ell-masscs  may  run  iu  diifer- 
ent  directions,  interlacing,  and  tlius  giving  the  8<^ciion  a  fibrous 
appearanee*     In  some  cases  the  cells  present  no  definite  arrange- 
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jiient.  Spindld^eolled  f^arconiatii  arc  harder  ihim  tho  round-celled 
varieties  iiikI  iLstjally  ruure  «;rayi.^h  or  riesbH?olored.  They  may  be 
quite  soft  and  white  or  th:^*reiienited  and  cystic. 

The  aniQiint  cd*  intercellular  sub.stance  in  some  eases  is  quite 
eoii.siilenil)le,  and  tiie  term  fibrosareoma  may  he  justitied.  ^J'he 
intereelliilar  fibrils  are  of  the  fjbro<rlia  iy\^^  and  are  indistiuirnish- 
able  from  tliose  of  fibromata.  It  is  very  diffieolt  sometimes 
to  deeide  whether  tlie  tumor  is  sareoinatuus  or  purely  fdjromatous, 

Spindle-eelU'd  sareomata  oei'ur  in  the  dense  ernmeetive  tissue 
of  the  p-nosteum,  tendons,  aii<l  fasi'ire  ;  less  frequently  in  the 
softer  tirisues.  They  are  relatively  Innii^n,  some  teases  showing  no 
tendency  to  metastasis,  though  recurring  after  removaL 

Ro u n d  -ce  1  led  5a rco m a . 

Sarcomata  may  l>e  eoniposed  almost  entirely  of  spherical  or 
round  cells,  small  or  large  in  size,  The  dcsi<i:iiations  small  and 
large  round-celled  sareoniata  arc  u.seil,  hut  do  not  really  define 
separate  varieties.     The  round  cells  when  small  resendile  those  of 


Fio.  62,— Smtill  round-ccUed  ftarcama :  in  the  center  is  aevn  a  blood-veftsel  with  lli  irall 

of  endothelium. 

Ivnqvbatic  organs.  There  is  little  intercellular  substance.  The 
bloo(i-vessels  may  lie  ((Uitc  large  and  lienmrrhagi's  with  secondary 
changes  may  occur  (Fig;  *^2V  The  larger  cells  contain  relatively 
more  pmtoplasm,  frequently  several  nuclei,  and  not  rarely  differeot 
forms  of  cells  (spimllc-slijipeil  an<l  |>olyniorphous)  are  associated. 

The  naked-eye  ;q>j*earances  of  nuind-eelled  sarcomata  are  usu- 
ally quite  characteristic.  They  are  luilky-white^  g'^'ty.*  or  pink  in 
color:  sometimes  quite  soft  or  cheesy  in  the  center,  and  a  milky 
liquid  exudes.  Cystic  changes  aud  even  calciticatiou  may  occur 
in  the  center.  The  small-eclled  variety  is,  as  a  rule,  softer  than 
the  larger,  though  both  are  soft. 

Round-eelled  sarcoiuata  are  always  malignant,  tlie  sraall-celled 
form  being  perhaps  the  most  malignant  of  all  varieties. 

I/jmiphosarcoma  is  a  variety  of  round-celle*!  sai'f^oma.  The 
appearance  is  the  same  as  that  of  the  *>ther  fornix,  but  micro* 
scopically  a  close  resemblance  of  structure  with  that  seen  in  lym- 
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phatic  glands  is  ilisrovmML  Tlie  jjriiicipiil  eliuracteristic  is  the 
rcticuhiDi  or  stmma  formed  by  IjramyiiiDg  stellate  cells  united  by 
their  pro loiij^j^t  ions.  I  a  the  mealies  of  this  reticulum  lie  lymphoid 
round  cells  (Fig.  53).  The  stmma  may  not  be  plainly  visible 
unless  seetions  are  shaktm  to  rlislodge  t!ie  cells  from  the  reticulum 
Lyraphu'sareomata  uccor  in  the  lytnphatie  glamls  and  lympluid- 
enoid  tij^siies  uf  the  niuct»us  menibrane><.  Occasionally  the  thymus 
gland  and  other  organs  may  be  the  seat.     The  distinctions  from 


Fig.  SSy — Lymphosiireomn  of  muni  maciiUL?)  m^'in>ir.itie :  a>  on  Ivfl  slda  a  blood^vesBel,  on 
right  side  reticulum;  b,  cctlsof  reticulum;  c,  aarcom&celU  (Zfegler). 

Jymphadenoma  have  been  discussed  under  that  heading.  The 
princj|ial  feature  ♦>!  diHerentiution  is  the  tendency  of  lymphosar- 
comata  to  extend  beyond  the  normal  1  imitations  of  the  gland  or 
other  structures  in  which  they  originate,  whereas  iymphadcnonuita 
are  confiiitMj  l>y  tlie  glandular  capsule. 

Alveolar  sarcoma  is  a  sul*- variety  of  n>und-cellwl  sarcoma, 
though  there  are  always  sjiimile-cells  as  well.  It  is  tlistiuguished 
by  tlie  occurrence  of  structures  suggesting  aeiju  and  tilled  with 
large  round  cells  havuig  a  more  or  less  decided  cpitheliuitl  aj>pear- 
ance.  Tlie  stroma  forming  the  acini  is  computed  hirgely  of 
spindle-shaped  cells  with  a  certain  amount  of  tiljrillar  intercellular 
substance  (Fig.  54).  The  blood-vessels  su[»|ilyitig  the  tumors 
traverse  these  trahecuhe,  Tlie  rt)urKl  cells  within  the  alveoli 
may  vary  greatly  in  size,  though  they  are  usually  large.  The 
macroscopic  ajipe^irance  is  ni*t  sfKicially  distinctive;  many  of  the 
cases,  however,  are  pigmented  ( see  beln w).  Alveolar  sarcoma  is  most 
frequent  in  tlie  skin,  where  it  springs  from  moles  and  warts.  It 
may  also  neeur  in  the  lyniphatic  glands,  the  serous  membmues, 
and  tither  parts. 

In  some  cases  the  alveolar  appearaiicc  nf  the  sarcoma  is  dtie  to 
the  fact  that  the  sarcomatous  prolifi-ration  has  occurred  in  the 
mivcntitTa  of  blood-vessels  forming  a  plexus.  In  this  way  the 
nicslics  of  the  vascular  plexus  heriunc  filled  with  round  cells 
and  the  alveolar  appearance  results.      In  ivthcr  <*ases  the  alveolar 
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character  is  due  to  the  occurrence  of  sarcomatous  foci  of  circum- 
ecribcd  character  in  a  eonaective  tissue.  Thej^e  in  their  growth 
push  the  coDnective-tisBue  elements  aside  and  thus  form  alveolar 
Btruettir^. 


Fio.  6|.^Alveolar  sarcoma  (WttrrirD) 

Ans^iosarcoma. 

In  this  variety  the  sarcomatous  prolifcnitiou  begins  in  tlie  ad- 
ventitious coat  of  blo<xl- vessels  {jM^riiheiioma).  Certaiu  authors 
have  attempted  to  f^how  that  all  forrass  of  sarcoma  originate  in  the 
blood-vejiaels ;  tliis  view,  lujwevcr,  caunot  l>e  suppt>rted,  Angiosjir- 
comata  are  met  with  in  theserou.s  niembraues,  in  the  skin,  and  espe- 
cially in  the  salivary  glands.  Very  rarely  they  «»eeur  in  other  parts 
of  the  body.  The  tumor  is,  as  a  ruh%  tjoite  vascular,  but  may  not  lie 
strikiugly  so.  Sometimes  leleaugieetatic  eliangf^  in  the  blood- 
vesselt?  has  been  note<b  Hi.stologieally  these  growths  are  charac- 
terizwl  by  round-eel  I e<l  masses  surrounding  the  blood-vessels. 
The  origin  of  thr  cells  from  the  advi'nlitia  mav  be  evident  or  oli- 
genre.  In  east*s  in  which  a  vascular  network  is  involved  and 
each  vessel  lias  a  t*<»atiug  of  sarcoma-cells  a  plexlform  apj)ear- 
ancc  or  arrangemi-nt  results  (Pkxijorm  AnffimafToma),  In  other 
instanceB  in  which  a  network  of  vessels  is  involved  the  sar- 
coma-cells accumulate  in  the  vascular  meshes  in  the  form  of  eell- 
ijests,  and  thus  give  rise  ti»  an  alveolar  form  (Alvtofar  Auf/toattr- 
mma),  Snch  ftirms  occur  in  sjinunuata  ^|)riuging  from  moles  or 
warts*  They  are  prone  to  melanotic  changes  The  endothelium 
of  the  vessel  is  fjccasionally  the  point  of  f)rigin  of  vascuhir  stircn- 
mata  ;  this  form  is  a  rare  variety  of  endotbcliomu.  The  angiosar- 
comata  an^  lialih*  to  degenerations,  eliiefly  tnvxomatous  (Fig*  55) 
and  hyaline,  and  thu:?  a  certaiji  proportion  of  the  cases  of  cylin- 
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dmma  (see  below)  have  their  origin,     Tfie  lihxjd-vessels  may  give 
way  iim!  hemorrhag'ic  infihmtioii  re.-^^ilts. 

'Angiusari'omatu  art*  in  a  meat>iire  benign,  iiietaistasis  being  very 
rare  in  the  orrljuitn^  forms.  The  alveolar  and  melanotic  varieties 
are  highly  malignant. 


iMi'-^^'  ^ 


Fig.  65.— -^nulosarioma  wiih  luvxf^niHiUms  d<."iienofnUnn  ^^rylfwlroiim)  r  th«  fipire  rep- 
n»ent»  one  of  the  blood-vf^^f?*"!*  with  the  ftarcomiitoua  cells  apriiigluif  from  ita  waUb,  &{ral 
oilUidc  of  tho«e  myx^iinatouii  tiit^vie. 


Cytindroitia. 

This  term  was  originally  applicHl  by  Billroth  to  tnmors  show- 
ing gelatinons  niai^se;^  or  tniheeuhe  traversing  their  snbstanee. 
Histologieally  ditterent  innns  rd"  growths  may  lie  distinguished. 
AVe  df*al   here  only  with  iSarvfmy^touH  Vifihidnmniia, 

The  latter  may  be  .simjily  ^jireimiata  in  whieh  hyaline  or 
myxomatous  dt^genemtion  has  oeenrred  in  mon*  or  less  insular 
fsi^hion,  or  in  wliieli  siireoiua  and  myxoma  are*  jmi^uliarly  eom- 
bined.  Nearly  always  tin  re  h  some  hyaline  change  wit !i  the  myx- 
omatous. In  most  cases  it  is  th(^  angios'ircomuta  that  presi'nt  this 
[K'culiar  condition.  The  sarctmia-i.'ells  snnitunding  the  bliHwl- 
vessels  l)erome  cuu verted  into  hyalomyxomatous  tissue  or  cause 
the  formatiMU  of  tliis,  Tliere  result  bninehing  columns  of  hyalo- 
rayxomatous  character  traversing  the  sixreoma.  In  some  eases  the 
walls  of  the  1>1o4h1- vessels  themselves  may  lie  the  seat  of  hyaline 
change  (Fig*  56),  the  prolifenited  sarcoma-cells  surrounding  the 
vessel  being  merely  piishe{l  aside.     Tlie  term  Anr/tosamomata  J/^a?- 
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(mJdofJts  is  given  to  these  ¥tticiilar  forms*  CyliDdrooiata  ciccor  iq 
the  aalivan^  glan<k,  the  brain,  die  lachrymal  grlamls  and  rarely  lu 
tbe  subeutaoe^iUd  Us^^ut^,     lu  nature  they  are  muT^  or  le^  benign. 


Fta.  10*-^UiidnMiUi  thowing  pr4>»(>uu4.vil  l044liuc  dcgynerftiion  of  the  waUs  of  diA 


M  e  I  a  n  osa  rco  ma* 

Mf?Ianoflarcoma,    melanoma^    chroniatophomma   or   pig^mented 

fiarcomu  is*  a  form  in  which  the  tanior  presents  a  dark  color  on 
account  of  the  presence  of  hiack  or  hrown  pigment.  The  latter, 
acconiing  to  careful  chemical  studies  of  lierde/,  anr)  Xeneki,  con- 
tain}? nr»  iron,  and  is  therefore  not  a  simple  blwKl  jvitfnient  but 
m'rianin,  a  pmiliict  of  cell  metabolism.  Iron-containing  piirment 
han  b<'cn  foond  In  some  tumors  and  sometimes  in  true  melano- 
Hun'om;ita*  It  is  fuiind  outside  the  cells  and  is  probably  acei- 
dcntal,  rcsidlin^  from  licmorrhMgie  extravasations,  TIte  true 
melnniu-ptt^rueutation  rw-cur:*  in  tlie  eclLs,  in  the  ceHular  pndonga- 
tioii'^  i)r  the  intc^reelhilar  fibrilj*.  It  is  most  frequently  present  in 
the  form  i»f  brovvoish  black  granular  matter,  or  may  oecnr  as  a 
d it! use  ftlnin, 

Mehin^jsarciima  most  eomijiunly  arises  in  the  skin,  especial Iv  in 
pigm«*nt»'rl  moles  or  vvuris,  in  the  choroid  coat  of  the  eye  or  in  the 
pia  mater.  Tin?  growth  is  found  to  consist  of  cells  of  various 
shapes,  sometimes  round  or  irn*gular,  sometimes  spindle  shaped, 
hut  ihiTc*  is  u  very  constunl  tendency,  especially  in  the  pigmented 
Bar(!*imat4  of  the  skin  springing  fmm  warts^  to  assume  an  alveolar 
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arrangement*  In  tlies<%  the  cells  around  the  periphery  (*f  the 
alveoli  are  more  or  let^s  ?^pinille  shaped,  while  thiise  in  the  eetitre 
are  hirge,  irregular  ur  rouniied  eell^,  soEuetimes  epitheliuni^Hke. 
Melanotic  tareoinas  ot  the  elioroitl  are  composed  very  ]ar|^ely  of 
celU  having  an  elongated  ehar«icter  with  drawn  out  extremities. 
These  resemble  the  normal  pigment  eells  of  the  chonutl  eoaL 

Melunoi^arconm  h  extremely  malignant,  recurring  whm  removed 
and  iVequently  causing  extensive  melastasis.  The  latter  involves 
the  local  lymphatic  glands  in  tlie  fii^t  place*  hut  later  various 
organ^^  esjx'cially  the  liver.  The  metastases  may  he  of  the  same 
gtrncture  as  the  original  growth,  but  sometinjes  non-pi gniented 
metastatic  tjrfjwths  <ieeur  in  association  with  the  pigmented  ones. 
Occasionally  the  seeunilary  <!eposits  are  more  pigmented  than  tlie 
primary  growth.  The  melanoma  originates  from  the  pigment- 
containing  ceils    or  clinnnalfiphores  of   the    part  in   which   they 


Fro.  57.— MclAfiosarcotttJi,  mniiily  rouiniLTUcd:  frum  a  nodule  in  the  akin. 


originate.  In  t!ie  skin  these  are  found  in  close  assoctati<ni  with 
the  lower  layers  of  the  epidermis,  iind  some  authors  liave  insisted 
tliut  tliev  are  essentially  epithelial  in  origin  and  that  the  tumors 
should  therefore  be  considered  as  earcinomata.  There  is,  however, 
eonsideniljle  gnauid  for  believing  that  the  c^hromatnphores  are 
invariably  connect ive-tissne  cells.  Mrlanosireoniu  is  a  thfaute 
growth  and  not  merely  a  sarcoma  that  hajipens  to  be  pigmented. 


Giant -eel  led  Sarcoma. 

This  variety  is  rharaeterized  by  the  presence  of  large  multi- 
nuclear  cells  resembling  exactly  the  myeloplafjues  of  bone.  The 
remaining  portions  of  the  tumor  may  l>e  spindltwelled  or  rcamd- 
celled;  perhaps  more  frequently  round  arid  spindle-i'ells  are  asso- 
ciated.    The  giant-<^^!ells  are  often  exceedingly  large  and  contain 


ttHTi^m^ 


PEOGRESSIVE  TISSUE-CHANGES. 


177 


that  they  result  from  a  fusion  of  cells  seeras  uowairanted.  Ziegler 
n^aintains  that  the  preseuce  of  giant-cells  di>es  not  form  an  eHsen- 
tial  eharacteristic  of  a  petHiliar  type  of  tumor  *  hut  that  it  is  aoci- 
dental,  resulting  from  ("ontinued  irritation.  The  oc^eiirrence  of 
giant-cells  in  .sarcomata  of  bones  would  then  he  explained  by  the 
constant  irritation  of  the  bony  particles,  while  in  other  cases  the 
presence  of  masses  of  blood- pigment  in  the  sarcoma  accounts  for 
the  development  of  giaut-cells  in  the  vicinity.  This  view  i^  sui>- 
ported  by  considerable  authority  and  seems  reasonable. 

Giant-eel  led  sarcomata  occur  most  frequently  about  bone,  and 
I  the  terms  odeoHarcmna  and  nufeloid  sarcoma  Ivdve  l>een  given  in 
^  consecjuence.      They    may,    however,    occur   lu    other  situations. 
Their  nature  is  usualiy  benign,  metastasis  being  rare. 

The  gianfc-<*elled  sarcoma  of  bone  is  usually  rather  slow  iu 
growth,  and  gives  rise  to  liar<l  and  irreguhvr  turners,  firmly  attached 
to  the  hone-strnetnr^^s.  It  may  begin  within  the  boneas  a  w7/f'Mf/- 
ejioiis  form  (Fig,  5H)or  from  tlie  i^eriostenni.  Secondary  myxoma- 
tmiis  or  other  change  may  cause  more  or  less  softening.  The  bone 
most  frequently  involved  is  the  maxilla,  the  tumor  known  as  epidls 
(sarcimia  springing  irom  the  gums  or  alveolar  processes)  being 
generally  a  giantrcelled  sarcoma. 

MIXED  TUMORS. 

All  forms  of  connective- tissue  tumors  may  be  associated  one  with  another; 
•wociation  of  several  forms  are  known  as  mixed  tumors.     Very  frequently 
there  is  more  or  leas  sarcomatou!!  tissue  in  sueh  growths.    With  this  will  be 
,  found  myxomatoiid,  fibromatoua,  chondroraatou.s,  or  o^^teoniatous  elements, 
I  The  varioiii*  constitu«siits  of  the  tumor  are  arranged  with  no  speoial  order,  hut 
simply  prei*ent  themMelvea  as  masaea  of  cells  or  intercellular  substance  of 
'  difTerent  forms  combined  to  make  a  heterogeneous  tissue^     Among  the  fre- 
quent fieats  of  SQch  mixed  tumom  the  parotid  gland  and  the  testicle  are 
most  important.     A  not  infrequent  combination  is  tbat  of  sarcomatous  aud 
udenomatoua  tissue.     Tumors  of  this  character  are  supposed  to  develop 
from  embryonal  "  rests,"  and  are  particuliitly  common  in  tht^  kidney,  where 
they  (>fien  reach  large  sizes. 

Adrenal  "rests"  in  the  kidney  give  origin  to  the  Grawitz  tumor  or 
hypernephroma,  a  tumor  largely  competed  of  cells  resembling  adrenal  cells, 
arranged  in  adenomatous  faiihion.     (bee  Tumors  of  Kidney.) 

Ctiloroma. 

This  tumor  is  no  special  form  of  new  growth,  but  rather  a  variety  of 
lymphosarcoma  or  round-celled  sarcoma  occurring  with  special  frequency 
in  the  neriosteum  nr  the  bont^  of  the  head  aad  secondarily  in  other  parts 
of  the  nody.  The  name  is  applied  because  of  the  peculiar  greenish  pig- 
tnentation  of  the  cells.  The  nature  of  thin  pigment  i-i  not  certainly  deter- 
tnined.  Clinically  cases  of  chloroma  may  present  aymptoma  of  leukemia 
or  pseudoleukemia. 

Psaminotna. 

This  represents  no  distinct  species  of  tumor-growth,  but  rather  a  pecu- 
liarity of  oiflerent  kinds.  The  name  refers  to  tlie  presence  of  calcareous 
matter  like  that  of  the  brain-sand  (acervuhia  cerebri),  and  psaaimoma  haa 
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aometimeti  been  ciuled  on^rrui/jtHa.  Tlie  calcareous  matter  oocars  in  the 
form  of  rounded  maMC»  or  concentrically  arranf^  whorls.  Tbe  tnmor- 
elemente  themselree  mar  be  fibromatous,  gliomatous,  narcomatons,  or  even 
adenomatous  or  carcinomatous.  In  most  inntances  it  Is  endotheliomata 
that  present  these  appearan^.'«f^.  Psammomata  are  met  with  in  the  mem- 
branes of  the  brain,  tne  choroid  plexus,  and  the  pineal  gland. 

MYC05I5  FUNQOIDES. 

Mvcosis  funpoides  or  granuloma  fungriides  is  a  pathologic  condition  of 
the  slcin  and  subdermal  structures  having  certain  resemblances  to  sarcoma 
and  to  some  of  the  infectious  inflammations. 

Etiology. — Ver>'  little  is  known  regarding  the  causes  of  this  disease. 
Various  bacteria,  principally  micrococci,  have  been  discovered  in  the 
lesion!?,  but  none  of  these  has  been  shown  U)  be  pathogenic.  A  few  ob- 
servers have  found  liodies  resembling  prot4^>zoa;  but  it  is  not  certain  that 
thes^f  were  really  animal  organisms. 

Appearance. — The  disease  freouently  presents  distinct  stages.  Firsts 
the  Ac  in  becrjmes  sf>mewhat  swollen  and  red  aud  presents  eczematona 
\^vtn^.  In  some  caAes  the  ap[>earance  is  that  of  an  erysipelatous  inflam- 
mation. In  the  next  stage  nfAlular  elevations  occur,  and  nnallv  tumors  of 
conhiderable  -i//.',  s«>metime8  a**  large  as  an  orange,  and  more  or  less  fungoid 
in  ap|>*raranc<'.  Necro!<is  ih  frer^uent  and  watery  or  bloody  liquid  is  dis- 
charg*r'i.  The  tumors  may  have  an  angry,  red  appearance,  ana  have  been 
lik«;ne<i  to  tomat^>es.  liapid  di»ap{>earance  and  reappearance  of  the  tumors 
are  a  pe<'uli:ir  feature. 

Anv  part  of  the  b'xlv  niav  l>e  aflected  and  usuallv  the  lesions  are  mul- 
tiple. ' 

Stmctnre. — Microscopically  the  structure  of  the  tumors  is  allied  to  that 
of  iymnhadenornata.  Tnere  is  a  proliferation  of  connective- tissue  cells 
alxiut  tlje  bUKxl-ves.Hel8  and  glan<ls  at  the  bane  of  the  papillseof  the  skin, 
forming  a  network  or  reticulum  in  which  round  (lymphoid)  cells  are  em- 
bf^dded.  'i*he  celU,  however,  may  be  irregular  in  form  and  size.  Mytotic 
figures  may  l>e  found.  Early  in  the  disease  the  new  formed  cells  degen- 
erate considerably,  but  later  ])niliferation  predominates,  and  the  tumor 
results.  The  epithelium  covering  the  growth  may  be  thinned  to  a  single 
layer,  ax  it  may  »hf»w  thickening.  In  the  latter  case  enlarged  papillte  dip 
down  into  the  round-cell  collections  and  the  sections  have  somewhat  the 
ai)pcarance  of  carcinoma.  Knithelioid  ctOls  and  giant-cells  may  occur. 
The  tumors  are  poorly  sup])lie<l  with  blfK»d-vessels,  and  to  this  is  attributed 
the  tt^ndency  to  central  necrosis.  Inflammatory  infiltration  (polymorphous 
leukocytes)  is  not  observed  to  any  considerable  degree,  excepting  in  the 
latter  stages  around  and  in  the  areas  of  necrosis.  Mast-cells  are  often  abun- 
dant. 

Associated  Conditions. — In  some  cases  enlargement  of  the  lymphatic 
glands,  liver,  and  spleen  has  been  observed,  and  has  suggested  the  term 
pseudoleukemia  cutis.  Occasionally  the  blood  presents  leukemic  char- 
acters. 

Nature. — ^The  disease  ])resents  many  resemblances  to  sarcoma  or  lymph- 
adenoma,  and  it  has  frequently  been  described  as  multiple  sarcoma  of  the 
skin.  In  other  respects  it  is  allied  to  the  infectious  inflammations,  though 
there  is  much  less  evidence  of  true  inflammatory  infiltration  than  in  these. 
The  relationship  to  leukemia  and  pseudoleukemia  is  unsettled. 

ENDOTHELIOMA. 

This  tumor,  which  in  also  soniotiincs  designated  enddhdial 
cancer,  resembles  can(;er  ver>'  closely  in  histologic  appearances  in 
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Fig.  bu.— EndytlK'Momii  of  pleura:  the  pleural  cAv^itv  wvlh  distended  with  eflfhaloti  and  tha 
lung  w«a  iioro pressed  and  invadcnl  by  »econdiir>'  nt>dule«. 


Wn,  SL— MlcroflcotUe  Ret* tion  from  the  case  figured  iu  Fig«  dO. 

some  causes.  It  appc^ars,  however,  to  be  purely  endothelial  iii 
origiD,  and  therefore  rather  of  the  eonneetive-tisstie  group  ar  sar- 
comata.    It  aflect8  the  pleuni,  peritoneum,  aud  membmnes  of  the 
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brain  most  frequently,  but  may  be  found  in  the  skin»  walls  of  the 

blood-vessels,  periosteum,  bone* marrow,  lymphatic  glands,  g^iKis, 
ovary,  testicle,  liverj  and  salivary  glands.  Tlie  8ert>us  merabraiies 
when  affectcil  become  greatly  thickened,  tough,  and  white  in  color 
(Fig,  60),  and  irregular  elevations  or  nodules  may  occur.  Metas- 
tasis  is  infrequent,  but  the  adjacent  organs  are  sometimes  involved, 
and  occasionally  more  distant  structures.  Endotheliomata  of  the 
dura  mater  spring  from  the  inner  surlace  of  that  membmiie  and 
have  a  flattened  nodular  character.  Histologically  they  may  pre- 
sent the  concentric  whorls  of  cells  and  calcilication  characteristic 
of  psammomata  (see  above). 

Histologically  the  tumor  is  cliaracteri^ed  by  more  or  legs 
tubular  or  aeinus-like  aggregations  of  endothel  ial  cells.  The  latter 
vary  in  character  from  those  which  are  distinctly  endothelial 
to  the  most  differeutiated,  which  may  be  almost  typical  cylin- 
drical epithelium  (Fig.  61.)  Between  these  cellular  columns 
or  acini  the  connective  tissue  of  the  part  affected  may  be  seen  in  a 
normal  state,  though  it  is  more  frequently  thickened  l)y  prolifera- 
tion, lu  the  endotheliomata  of  serous  memliranes  inspection  of 
the  sections  shows  that  the  columns  of  epithelioid  cells  occupy 
lymph-i'hannels,  and  it  may  be  possible  U>  demonslrate  that  the 
endothelium  of  the  latter  Ims  been  the  starting-point  of  the  cel- 
lular proliferation.  In  cases  of  carcinoma  with  penetration  into 
the  lymphatic  channels  it  is  notable,  on  the  other  hand,  that  the 
endothelial  lining  of  the  channels  is  uninvolved.  Endotheliomata 
may  in  rare  cases  originate  in  the  endothlelium  of  capillary  blood 
vessels.  In  these  growths  anastomcitic  channels  linetl  with  enothelial 
cells,  or  anastomozing  columns  of  emlothelial  cells  [jriK'laim  the 
origin  from  vessels.  The  term  hnnanriioendoth^lioma  has  been 
applied.  A  more  frequent  variety  is  that  which  originates  from 
the  endothelium  surrounding  IjIikxI  vessels.  The  ^.ndothlium  of 
perivascular  lymph  spaces  proliferates  to  form  a  growth  surround- 
ing the  blood  vessel  ancf  extending  along  the  vessel  and  its 
branches*  The  term  perifhrlloma  is  applied  to  this  form.  Muc*>id 
and  hyaline  dt^euenition  is  frequently  found  in  such  growths^  and 
the  tumor  known  as  cylindroma  (see  p.  17*3)  may  have  this  origin. 

GLIOMA. 

Definition.— The  term  glioma  is  applied  to  tumors  composed 

of  neuroglia.  It  is  difficult  to  distinguish  iMween  the  circum- 
scribeii  tumors  of  this  structure  and  tlie  diffuse  ueurogliar  h\^r- 
plasia  or  gliomatosis  met  with  in  certain  cases.  (See  section  on 
I)is<_^ascs  of  the  Nervous  System.) 

Etiology. ^ — It  is  probable  that  congenital  defects  of  develop- 
ment play  some  part  in  the  causation  of  these  tumors;  particularly 
in  the  forms  more  frequently  spoken  of  as  gliosis. 

Appearance,* — A  typical  glioma  is  usually  a  solitarj^  tumor. 
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rounded  in  outline,  though  it^  limits  are  difficult  to  determine,  as 
it  raei^es  gradually  into  the  surrounding  nervous  tissue.   Gliomata 


Pig.  tl— Glioma  of  the  corpora  qundrigemluii  (PerlB). 

are  somewhat  hardiT  than  the  normal  bniin-??ut)stanr!e,  and  oft^en 
the  color  is  a  little  ditterfut,  either  more  grayish  or  pink  or  red- 
diah*  Sometimes  they  are  quite  vaseular  and  dark  red*  The 
normal  shape  of  the  part  may  he  a  little  tlisturbed,  or  there  may 
be  indefinite  elevation.  In  size  the  tumor  varies  up  to  massi's  jis 
large  as  a  lemon.  Diffuse  glioma tosis  eauses  a  swelling  of  the 
affeeted  parts,  sometimes  quitt^  regular,  at  other  times  irregu- 
lar. When  the  spinal  eord  is  aifected  its  thickness  may  be  con- 
fide raVily  increased.  On  section  the  area  of  gliomatosis  is  rather 
iirm  and  grayish  in  color/  Nearly  always  there  is  a  tendency  to 
excavation  or  cyst-formation.  In  the  cord  this  leads  to  the  de- 
velopment of  considerable  cavities,  as  a  rule  communicating  with 
the  central  canal. 

Seats. — Glinmata  occur  in  the  brain  and  less  frequently  in 
the  spinal  cord.  In  rare  cases  the  cranial  nerves  have  been  in- 
vidved.  In  one  case  a  glioma  was  found  over  the  coccyx  and 
sacrum,  originating  from  the  remains  of  the  lower  end  of  the 
neural  cjinal.  Glioma  uf  tlic  eyel>all  will  be  referred  to  below. 
IHtVuse  gliomatosis  is  particularly  common  in  tlic  cord.  It  is 
usually  met  with  in  the  vieiuity  of  the  cavities  of  the  brain  or 
eord. 

Structure. — The  minute  structure  of  glioma  varies  consider- 
ably according  to  the  type  of  neuroglia  represented.  In  the 
typical  glioma  the  cells  contain  rounded  or  oval  nuclei,  and  the 
protoplasm  is  scanty.  Wavy  intercclbilar  fibrils  (neuroglia  fibrils) 
lying  jmrallel  to  the  axis  of  the  cells  to  which  they  belong  are 
characteristic  structures.  They  are  not  prolongations  of  the  celts, 
but  merely  Much  the  cells  at  their  sides,  the  extremities  of  the 
fibrils  being  free.  These  fibrils  are  distinguishable  from  the  finer 
fibroglia fibri is  nf  connective-tissue  growths.  The  abundance  of  the 
fibrils  varies  in  dilferentgliomata,  but  is  generally  a  ratlier  marked 
feature^  These  give  the  section  a  granular  ap|w?a ranee  when  seen 
under  low  magnification.  In  other  cases  the  cells  are  of  the 
ependymal  type,  and  occasionally  tiiey  may  be  arranged  around 
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brain  most  frequeDtly,  but  may  be  found  io  the  ^kin,  walls  of  tbe 
blood-vessels,  periosteura,  bone* marrow;  lymphatic  g^lands,  gums, 
ovary,  testicle,  liver,  and  salivary  glands.  The  serous  nierabmni'?? 
when  affected  become  greatly  thickened,  tough,  and  white  in  color 
(Fig.  60),  and  irregular  elevations  or  nodules  may  occur.  Metas- 
tasis is  infrequent,  but  the  adjacent  organs  arc  sometimes  involved, 
and  occasionally  more  distant  structures.  Endotheliomata  of  the 
dura  mater  spring  from  the  inner  surface  of  that  raembmne  and 
have  a  flattened  nodular  character.  Histokigically  they  may  pre- 
sent the  concentric  whorls  of  cells  and  ca^lcitication  characteristic 
of  pflammomata  (see  above). 

Histologically  the  tumor  is  characterized  by  more  or  less 
tubular  or  acinus-like  aggregations  of  endothelial  cells.  The  latter 
vary  in  character  from  those  which  are  distinctly  endothelial 
to  the  most  differentiated,  which  may  be  almost  typical  cylin- 
drical epithelium  (Fig.  61.)  Between  these  cellular  columns 
or  acini  the  connective  tissue  of  the  part  affecte<l  may  be  seen  in  a 
normal  state,  though  it  is  more  frequently  thicken*xl  by  prolifera* 
tion.  In  the  endotheliomata  of  serous  membranes  inspection  of 
the  sections  shows  that  the  columoa  of  epithelioid  cells  occupy 
lymph-channels,  and  it  may  be  possible  to  demonstrate  that  the 
endothelium  of  the  latter  has  been  the  starting-point  of  the  cel- 
lular proliferation.  In  cases  of  carcinoma  with  penetration  into 
the  lymphatic  channels  it  is  notable,  on  the  other  hand,  that  the 
eDdoihelial  lining  of  the  channels  is  iininvolved.  Endotheliomata 
may  in  rare  cases  originate  in  the  endothlelium  of  capillary  blo<xl 
vefisels.  In  these  growths  anastomotic  channels  linetl  with  enothelial 
cells,  or  anastomozing  columns  of  endothelial  cells  proclaim  the 
origin  from  vessels.  The  term  hernanfftoendotMiomn  has  been 
applied.  A  more  fret|uent  variety  is  that  which  originates  from 
the  endothelium  surrounding  bltxxl  vessels.  The  endothlium  of 
perivascular  lymph  spiiccs  prolifenites  to  form  a  growth  surround- 
ing the  blood  vessel  and  extending  along  the  vessel  and  its 
branches.  The  term  perlifieliama  is  applied  to  this  form.  Mucoid 
and  hyaline  degeneration  is  frequently  found  in  such  growths,  and 
the  tumor  known  as  cylindrormt  (see  p.  173)  may  have  this  origin. 

QLIOMA. 

Definition.— The  term  glioma  is  applied  to  tumors  composed 
of  neuroglia.  It  is  difficult  to  distinguish  between  the  circum- 
scribed tumors  of  this  structure  and  the  diffuse  ueurogliar  hyper- 
Elasia  or  gliomatosis  met  with  in  certain  cases,  (See  section  on 
Useases  of  the  Nervous  System.) 
Stiology. — It  is  probable  that  congenital  defects  of  develop- 
ment play  some  part  in  the  causation  of  these  tumors;  particularly 
in  the  forms  more  frequently  spoken  of  as  gliosis. 

Appearance.. — A  typical  glioma  is  usually  a  solitary  tumors 
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Qrionia  Qaitglionare. 

DefimtioiL— This  term  indicates  a  form  of  mixed  tumor  composed  of 
neuroglia  and  nerve-fibers  with  lurge  fjangUonar  nerve-cells. 

Etiology.— Probably  congenital  abnormality  of  development  furnishes 
the  gntuudwork  for  the  subsequent  development  of  these  tumors. 

Appearance*— A  ganorliQ^ar  glioma  may  resemble  the  ordinary  glioma, 
occurrmg  m  a  solitarv  tumor,  the  outlined  of  which  are  difficult  to  db- 
tinguLsh  from  tlie  surVouiiding  tissue.  :More  frequently  it  occurs  in  the 
form  of  multiple  nodular  condensations  scattered  through  the  brain  or 
cord.  The  corjtour  of  the  affected  parts  may  not  be  iilteretl,  and  on  section 
the  j?rowth«  mav  be  reco^niKetl  only  by  the  light-colored  patcheii  and  areaa 
of  increased  density.  A  few  casen  of  ganglionar  gliomata  of  the  spinal  or 
sympathetic  ganglia  have  been  described.  In  these  cases  the  inmora  ap- 
pear a»  rounded  eiilar^emenLs  of  the  aflected  ganglia.  Occasionally  the 
nerve-roots  are  seats  of  these  tumors;  llie  suprarenal  eapsulea  may  also 
be  affected. 

Structure. "The  definition  indiciitcB  the  usual  structure.  The  glia- 
fibrils  are  generally  conspicuous  in  number,  the  nuclei  being  comparatively 
few.  Traversing  the  tumor  there  may  be  more  or  less  abundant  nerve- 
fiber*  with  or  without  medullary  sheaths.  Large  ganglionar  cells  may  be 
found  in  considerable  abundance  or  in  small  number.  The  vascularity  of 
the  growths  di Iters  greatly. 

Hature, — The  nature  of  these  tumors  ia  the  same  aa  that  of  the  ordi- 
nary gliomft. 

NEUROMA, 

Definition. — Strictly  B|Mmk[ijg,  iieiiroiua  is  the  ienn  applied 
to  tiiriiors  ciHiipostMl  of  iierve-filji*ris.  (Jnliiiurily,  however,  tlie 
Uikuie  19  given  to  fil>rou.s  growths  .^priii^iiig  from  the  perineiiriiun  or 
endoaeiiriuTii  of  nerves.  Tiie  terms  irw  ami  /(due  ncunwui  di.s- 
tiii^ni^sli  between  the  two  forms.  True  neuromata  are  exeeeil- 
ingly  rarf\ 

Etiology,— Very  little  is  known  reganling  the  eauBation. 
Injury  may  phiy  a  paii,  as  in  tlie  ease  of  amjuitatioji-neuromata. 

Appearance^ — False  neuromata  <x^enr  as  ntH.lular  thiekenings 
ah)ng  the  course  of  nerves.  They  may  be  fusiform  or  elongated, 
may  extend  considerable  distances  along  the  nen-es,  and  may 
form  networks  of  ridges  or  elevations  when  tlje  periphend  nerves 
are  luvolvtHl  (Plexiform  Xeuroma).  As  a  ndc  tlicy  are  midtiple, 
and  sometimes  iK^'ur  in  exci'edingly  great  numl>crs  scattered  over 
the  entire  bmly  or  involving  a  single  pait  of  the  body,  as  the 
nerves  of  the  arm  or  leg.  After  amputations  rounded  thickenings 
may  occur  at  the  ends  of  the  nerves  and  eau-e  painful  conditions 
of  the  stomp. 

Seats. — The  peripheral  nerves  are  most  frequently  involved, 
hut  the  ner\'es  may  be  implicatcil  near  their  rootis,  or  the  terminal 
fibers  witliin  the  organs  may  become  ati'ected, 

Stmettire. — Onlinary  false  neuroma  consists  t>f  fibrous  tissue 
in  the  iVjrm  of  reticular  connective  tissue  with  greater  or  leas 
abundance  of  cells  pushing  a,si<le  or  surrounding  the  nerve-libers 
proper.     The  latt4^r  are  prone  to  degenerate  in  eonBequenee  of  the 
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omxiode^  is  given  to  the&e  vascular  fornii^.  Cylindmniata  occur  in 
t!ic  salivary  glands,  t!ic  Uratn,  tho  laehrv  nial  irl^inl^  inn  I  ran  ly  in 
tlje  subcutancotis  ti?^siK*h.      In  iiuture  tlicy  are  inr^rc  tn*  Ici??^  benign* 


Fio.  56»— TyllDdroma  showing  pmnoiiricetl  hyuUuc  tivgeiieratlon  of  the  walla  of  the 


Me  [a  nosa  r  co  m  vl, 

Melanogarcoraa,  inclaunma,  chraniat*)phort)ma  or  pi^rmefiteil 
sarcoma  i.^  a  form  in  wliich  tint  tnnior  presents  a  rlark  color  on 
account  of  the  presence  of  black  or  brown  pigment.  The  latter, 
according  to  careful  chemical  studies  of  I'erdez  ami  Xencki^  con- 
tiins  no  iron,  and  is  therefore  not  a  simple  blood  piijruent  but 
nu'Iauin,  a  jirnduct  of  cell  metabolism.  Iron -contain  ioir  piirnient 
lias  been  fotunl  \n  some  tumors  and  sonictimes  in  trur  melauo 
sjireounita.  It  is  found  outside  the  cells  and  is  prolmbly  acei- 
dcntiil,  resulting  from  hemorrhagic  extmvasations.  The  true 
nielanin-])iL:mentatioii  orcors  in  the  cells,  in  tlte  cellular  pmlonara- 
tiuns  or  the  intereellular  tibrils.  It  is  most  frequently  present  in 
the  torni  uf  brownish  black  granular  matter,  or  nuiy  oecur  as  a 
diiiuM.'  stain. 

Melanosarcoina  most  coumionly  arises  in  the  skin,  especially  in 
pigmented  moles  or  warts,  in  the  choroid  coat  of  the  eye  or  in  the 
pia  mater.  The  growth  is  found  to  consist  of  cells  of  various 
shapes,  sometimes  roinid  or  irregular,  somi^times  spindle  shnped, 
I  ait  tUere  is  a  very  constant  tendeney,  especial  ly  in  the  pigmented 
sarcomas  of  the  skin  spring* og  from  warts,  tx>  asBitme  an  alveolar 
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arrangement.  In  these,  the  cells  around  the  periphen^  of  the 
alveoli  are  more  «>r  h  ss  spiriclle  i^liaped,  while  thot^e  in  tlic  eentre 
are  hirge,  irreguUir  ur  rnuinird  cell?,  ;^otuetime,s  epithelium-like. 
Melanotic  siirrmnas  M  the  i4i<jroi<l  ure  eorapo^ed  very  largely  of 
ceils  having  an  elongated  charactiT  with  drawn  out  extremities. 
These  resemble  the  normal  pigment  eel  Is  of  the  chttroid  coat* 

Melanosarcoma  is  extrenjeiy  malignant,  recurring  when  removed 
and  frerjoently  caysiiig  extensive  nietastasis.  The  latter  involve.s 
the  hical  lyrnphatic  glands  in  tlie  tir>^t  place,  but  later  varii^nis 
orgacj5,  espeeially  the  liver.  The  metastasejs  may  be  of  the  same 
structure  a.s  the  original  growth,  but  &ometinies  non-|>igmented 
metai^tatie  gnjwths  oeenr  iu  association  with  the  pignKUted  ones. 
Occasionally  the  Aeeondary  (h-posits  are  more  pigmented  than  tlie 
primary  growtlu  The  nn:4annnia  originates  i'roni  the  pigment- 
containing  cells   or  chrnmatoph^tres  of   the    part  iu   which  they 


Fig.  57.— MelAiios&rcuiiift,  nminly  ruuiid-CLllid :  from  n  nodiile  in  the  akin. 

originate.  In  the  skin  these  are  found  in  close  association  with 
the  lower  layers  of  the  epidermis,  and  some  authtirs  have  insisted 
that  they  are  essentially  epithelial  in  origin  and  that  the  tumors 
should  t  h  e  re  fore  be  eon  s  i  d  c  ^  re  d  as  ea  re  i  n  o  m  a  ta .  1'  1 1  ere  is,  h  o  wc  v  e  r, 
considendjle  ground  for  believing  that  tlie  chromatupliores  ai"e 
invarialily  eonneetivc-t issue  cells.  Melano-art^oma  is  a  drlioite 
groAvtIi  and  not  merely  a  sarcoma  that  liappeiis  to  be  pigmentetl. 


Qiant-ceUed  Sarcoma. 

This  variety  is  characterized  by  the  presence  of  large  multi- 
nuclear  cells  resemlding  exactly  the  myeloj>laipies  of  bone  The 
remaining  portions  of  the  tumor  may  be  spindle-celled  or  ronod- 
celled  ;  {K-rhaps  more  ircquently  mund  and  spinflle'f_'ell>  arc  asso- 
ciated.    The  giant-cellfet  are  often  exceedingly  large  and  contain 
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pressure*      Proliferation  of  the  nen^e-fibers  has  eoinettmes  been 
deBcribefl,  but  it  ib  doubtful  whether  such  actually  cxvurs*     More 

Erobably  the  existiEg  fibers  increa^  in  lengrtb  and  form  a  mass  ^ 
y  curling  at  the  end.     True  neuromata  of  two'  kinds  are  de- 
R^ribed  :   thost*  composed  of  medu Hated  and  those  consisting  of 
nc»n-medtillated  nerve-fibers.     The  former  are  called  mydinicj  the 
latttT  amyd'mk\ 

Nature. — Neuromata  are  painful  tumors,  but  benign  in  a 
pathologic  sense.  Their  growth  up  to  a  certain  point  is  often 
nipid. 

LEIOMYOMA. 

Defitiitioti. — Leiomyoma,  or  myoma  tevicellulare,  is  a  tumor 
c^>ntaining  smoiith  muscle-fibers.  Nearlv  always  there  is  a  cer- 
tain amount  of  fibrous  tissue  associateu^  and  in  the  most  com- 
mon forniy  myomata  of  the  uterus,  there  is  always  considerable 
fibnius  tissue,  and  the  term  fihromyoma  is  appropriate.  Occasion- 
ally a  few  unstrip'd  muscle-i'ells  may  be  seen  in  tumors  of  other 
kinds. 

Etiologyt— 8ome  of  the  myomata  of  the  uterus  ejthibit 
glandular  acini  in  the  interior,  which  suggest  their  origin  from 
congeni tally  misplaced  portions  of  tlie  Wolfian  body  or  duct  of 
MuUer.  These  misplaced  stnictiires  are  assume<l  to  cause  an  irri- 
tuition  of  the  surrrHmdiug  nuiscle  cells.  This,  however,  is  by  no 
means  eertfiiu.  In  other  cases  there  are  features  suggesting  that 
irritatifin  is  the  important  eause^  though  this  also  remains  to  be 
proved. 

Appearance. — Leiomyomata  are  usually  rounded  growths, 
varying  in  size  from  minute  nodules  to  huge  solid  masses  weighing 
aa  much  as  sixty  to  seventy  pounds.  The  largest  (heaviest)  solid! 
tumor  I  have  ever  seen  was  a  degenerated  fibromyoma  weighing 
eighty  pounds,  Leiomyomata  are  surrounded  by  a  capsule  more  or 
less  well  developeHl  and  are  generally  quite  hartl,  though  secondary 
degeneration  at  times  altet's  the  consistency,  making  the  tumor  quite 
ftoft  in  the  case  of  mucous  transformation,  or  stony-hard  wlien  cal- 
cification has  occurred.  On  section  through  the  growths  the 
stratified  or  fascieulated  arrangement  of  the  cells  is  visible  to  the 
naketl  eye.  Concentric  layers  may  be  apparent,  or  a  more  wavy 
irregularity  may  be  seen.  They  are  grayish  or  flesh-colored,  or  in 
rare  instances  quite  red  (myoma  cavernosum)  in  consequence  of  en- 
larged vascular  channels/  Central  softening  may  lead  to  cystic 
change  (myoma  cysticum). 

When  the  myomata  spring  from  the  submucous  or  subserous 
tissues  they  may  become  polyixiid,  hanging  from  a  {KJint  of  attach- 
ment by  a  narrow  pedicle.  In  rare  instances  the  latter  is 
eevered  and  the  tumor  becomes  a  free  body*  Submucous  myo- 
mata of  the  uterus  may  thus  eventually  be  discharged  after  a 
spurious  labor.  Subserous  myomata  may  become  free  in  the 
peritoneal  caWty. 
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Myomata  of  the  utoriis  nuiy  htive  three  Hituatiotis — subnuicoiis,  sub- 
serous, or  intenstitiaL  In  the  latter,  the  tuuior  occupies  the  wall  of 
the  uterui  without  any  tendency  to  project  ifarticularlv  toward  either  sur- 
face. Uterine  myomata  are  usually  multiple,  occur  during  the  third  and 
fourth  decades  of  life,  continuing  their  growth  until  the  menopause  and 
usually  decreasing  after  that  epoch.  They  endanger  life  by  their  pressure 
and  by  the  copious  uterine  hemorrhages  which  they  occasion.     Very  fre- 

3uently  salniugitis  is  associated,  and  recently  attention  has  been  called  to 
egenerated  conditions  of  the  myocardium  in  patients  ^ufiTering  from  uterine 
fibroids* 

Myomata  of  the  skin  occur  in  younger  patients,  even  in  childhood,  and 
are  generally  nmltiple  and  often  painful  (tnhercula  dolorosa). 

Seats. — The  common  situations  are  the  uterus,  the  gastro- 
intestinal  tract,  and  the  ovaries;  the  less  common  seats  are  the 
walls  of  the  blood-vessels,  the  skin,  and  the  nipple.  In  all  situa- 
tions the  tumor  springs  from  pre-existing  un>>tnped  miisele-fil>er. 
In  most  cases,  according  to  some  iitithors,  the  origin  is  in  the  walls 
of  the  rainote  bhiod- vessel 6,  but  ilirect  origin  from  the  muscular 
layer  of  the  affected  organs,  or  from  the  erectores  pilorum  in  the 


Fig.  63. — Leiomyoma  of  utenu. 

case  of  the  skin,  cannot  be  denied*  Myonmtons  metaplasia  of  the 
connective  tissue,  as  in  the  ease  of  myomata  originating  in  the 
areas  of  old  pleural  thickening,  has  been  assumed,  but  is  im- 
probable. 

Stmcture* — As  has  been  said,  association  with  fibrous  tissue 
IS  usiiaL  Mierosfxppically  the  tumor  presinits  a  characteristic 
appearance.  Bundles  of  muscle-cells  are  seen  running  in  different 
directions.  Those  cut  longitudinally  show  cylindrical  nuclei  as 
the  moat  conspicuous  feature,  the  outlines  of  the  cell  being  indis- 
tinct (Fig,  63).  Where  the  cells  are  transversely  cut  the  nucleus 
presents  a  circular  outline  with  clear  protoplasm  surrounding  it. 
The  picture  of  a  leiomyoma  is  often  suggestive  of  sarcoma,  hut 
may  be  distinguished  by  the  greater  regularity  in  direction  of  the 
cells  in  different  bundles  and  by  the  more  distinctly  cylindrical  out- 
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line  of  the  nucleus.  The  cells  of  loiomyornata  may  bo  isr^hitol  by 
maceration  of  the  sections  in  20  jkt  eent.  s<>hitioii  nf  nitric  aeiil 
for  twenty  minutes,  or  in  *10  per  eent.  solntiou  of  <^aiisrie  jxitiihh 
for  fifteen  minutes.  Tficy  are  spindle-sliape*!  structures  eoiitaining 
a  oocletis  about  one-third  tlie  lengtli  of  the  entire  cell.  Consider- 
able elastic  tissue  is  fouud  in  some  leiomyomata,  especially  in  tJie 
J0iiiiger  areas. 

Leiomyoma ta  are  generally  poor  in  bh>od-vcssels,  hut  may 
allow  a  teleangiectatie  condition  of  the  vessels.  The  lymphatic 
apao»  may  similarly  dilate,  forming  cystic  spaces  containing 
cpoDtaneoosIy  et>agulal)le  material. 

Of  the  degenerative  changes  caleific^ation  is  the  most  common, 
paitaciltariy  in  the  uterine  fibromyomata.  This  begins  in  the 
center  of  Uie  tumor,  but  may  eventually  involve  the  wliole  mass. 
Mjxomatoaa  change  may  occur  in  myomata  containing  nuich 
fibrous  tissue,  and  sarcomatous  transformation  has  been  described, 
but  is  rare. 

Nature. — The  nature  is  eminently  benign,  Myomata  of  the 
digestive  tract  may  cause  occlusiou  or  strangulation,  or  by  their 
weight  may  esen:*isc  serious  traction.  Uterine  myomata  are  dan- 
gerous in  the  ways  already  indicated.  The  gro\vtli  is  usually 
slow. 

RHABDOMYOMA. 

Definitioil,— Rhabdomyoma,  or  myoma  striocellulare,  is  a  tu- 
mor containing  more  or  less  striped  muscle-tilicr*  Usually  there 
is  but  a  small  quantity  of  the  tattler,  tlie  l>uik  <»f  the  tumor  l>eing 
of  some  other  tissue,  most  trecpiently  sarcomatous. 

Etiology.— Congenital  defective  development  seems  an  im- 
portant i^siuse,  as  the  tumors  occur  in  early  lif*^  and  in  situations 
in   which  striped  mus<'le-rtl>er  does  not  normally  occur. 

Appearance  and  Seats. — The  rhalKlomyoniata  of  the  kid- 
ney (the  most  frequent  seat)  present  themselves  as  large  roundeil 
or  irregular  masses,  more  or  less  en(*aj*sulated.  In  the  testicle 
they  are  similar,  though  of  smaller  size.  A  few  eases  have  been 
describe*!  in  which  irregular  tumors  of  the  retroperitoneal  tissues 
have  contained  muscle-tibi'rs. 

Stmcture. — The  mrr  roscopic  appearance  is  usually  that  of  a 

?>indkwx'lted  Harcoma,  r*rintaining  more  or  less  striped  muscle-fil>ers. 
hese  are  elongitted  spindie-sliaped  cells,  j>artly  striated,  and  sug- 
gesting embr>*onal  muscle-tissue  and  rarely  more  iully  develojied 
musi'le-fibem.  Large  areas  of  the  tumor  may  contain  no  muscle- 
fiber  at  all;  wliih"  e4*rtain  portions  are  ri<*hly  supplied.  Adenoma- 
tous I'lemefits  are  not  rarely  associated.  The  tumors  of  the  kidney 
wliieli  eontjiiti  b-tri[»ed  muscle-tibers  ait^  in  the  main  sarcomatous  or 
adenosarromatoufi. 

Nature* — These  tumors  are  malignant  in  proportion  as  the 
san:oniatous  element   in   jiredominant.     Metastasis   is,   however, 
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jEfreqiiGDt.    General  cachexia  and  hemorrhages  reduce  the  vitality 
and  lead  to  fatal  termination. 


PAPILLOMA. 

Definition. — ^The  term  papilloma  indicates  a  tumor  arising 
from  the  surface  and  covered  witli  epithelium  somewhat  as  the 
epi<lermis  caps  the  jMpilla?  of  the  iMjriuni. 

Etiology.— It  is  difficult  to  draw  a  line  between  certain  papil- 
lomatous growths  that  are  the  result  of  chronic  irritation  and  otiiers 
that  arm*  in  a  seemingly  sjion  tun  cons  manner.  It  would  appear 
that  irritaition  is  an  important  factor  in  most,  if  not  all,  cascs^  but 
there  is  also  no  donht  some  form  of  })redisposition.  Whether  this 
resides  in  structural  peculiarities  or  not  is  difficult  to  determine. 
A  peculiar  form  of  inflamniator}^  growth  resembling  the  sjxinta- 
neons  papillonuita  is  that  known  as  veneirfil  warf.  It  (x^curs  about 
the  genitalia  or  anus  and  espt^cially  after  gonorrhea*  Another 
form  of  inflammatory  |mpillomata  is  that  found  in  the  mucous 
membranes  surrounding  carcinomata  or  chronic  ulcerations  of 
S}qihilitic  or  other  kinds. 

AppeEUrance. — The  most  familiar  form  of  papilloma  is  that 
which  orcurs  in  the  skin  and  wliich  is  comiiujuly  called  wiirt. 
Warts  or  papillomata  may  be  single,  but  more  frequently  4jccur  in 
gnujj>s,  and  there  may  be  many  grcjwths  in  widely  scattered  areas 
of  the  IkrIv.  a  wart  may  l>e  simply  a 
smooth  hemispherical  ehnatifui,  or  it  may 
have  a  cninlitlnwer  a[>jRni ranee.  The  epi- 
dermis covering  it  is,  as  a  rule,  somewhat 
more  granular  or  rougli  than  is  that  of  the 
normal  skin.  The  sixe  of  these  growths 
varies  from  minute  }K>ints  to  nodules  as 
large  as  a  wa  1  n  u t ,  On  t  h e  m  u c  m> u s  su riat^cs ^ 

Xially  wile  re  the  epithelial  covering  is 
xnar,  the  papilloma  presents  itself  as 
a  soil  and  more  distinctly  cauliflower 
growth  (Fig.  64).  It  is  red  in  color,  or, 
if  the  epithelium  is  str.itihcd  and  squamous^ 
grayish  or  pink.  The  growth  is  usually 
ei^nipamtively  hard  when  covered  by 
equamous  epi  thel  ium. 

Twf>   varieties    are   sometimes   distin- 
guished.    The  hard  papHioimda,  such  as       Pin.  r.i,-papiUoni,ua  cf the 
those    w^Hch   occur   in  the  skin,  and   the    yoc«U'r.rdMfraDifl^prrimeri 

^  .„  ,  I        /*  II  in  the  Museiiro  of  the  Philii- 

itojt  p<ipiif omnia y  or  the  lorn»  usually  seen    deii^hia  HoBpitai). 
in  the  mucous  membranes. 

Seats. — Papillomata  occur  in  the  skin  of  the  neck,  hands, 
back,  and  other  parts,  and  in  the  mucous  mcmbnines,  particularly 
in  the  bladder,  larynx,  iiasiil  chambers^  and  gastro-intestinal  tract. 
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Small  papillomatous  oiiterowth?  may  spring  from  the  lining  mem- 
brane ot  gliiniiular  ducts.  a;&  in  the  breast  or  ovan-.  These  may 
lead  to  subsequent  cystic  change  in  the  organ,  or  they  may  arise 
after  cystic  change  has  begun  l)y  proliferation  of  the  lining  mem- 
brane of  the  cyst.  In  a  similar  manner  papillomatous  elevations 
may  •►ccur  within  the  t^avities  of  cystic  ailfuomata  (see  below  i. 

Structure. — The  essential  parts  of  papilloma  are  the  center 
or  groundwork  of  connective  tissue  containing  blo^xl-vessels  and 
the  cpitlielial  covering.  In  the  skin  the  gn>wth  imitates  the  nor- 
mal papillse,  all  p'-rtions  of  the  latter,  however,  being  greatly 
exaggerated,  and  tlu?  papilla  with  its  covering  oX  epidermis  U-ing 
raised  alH>ve  the  surface  instead  of  having  its  usual  seat  below 
the  surface  with  theepidennal  cnvering  level  with  the  surrounding 
parts.  When  there  is  ien«Iency  to  cauliflower  apjnarance  the 
papilloma  shows  a  branehing  form  on  vertic:d  sivtion.  Each  of  the 
branches  contains  a  connective-tissue  framework  with  an  epithelial 
covering.  The  latter  consists  of  stratitieil,  sc|uamous  cells  and 
shows  a  decided  tendency  to  horny  change.  Distinct  ci»ncentric 
whorls  «if  horny  epithelium,  such  as  (.K*cur  frt^juently  in  epiiheli*- 
niata  of  the  skin,  may  b»-  met  with  in  luipilloniata.  In  some  i.-js«- 
th«'  amount  of  cnnne<:tive-t issue  ground W(»rk  in  the  ^tapilloma  i- 
excessive;  in  others  the  new-growth  consi-ts  almost  entirely  «jr 
proliferated  epithelium.  In  some  of  these  latter  cases  the  resem- 
blance to  epithelioma  may  be  rjuite  suggestive,  but  a  distincti'^n 
can  bo  made  by  r»bserving  that  the  tumor  tend>  to  grow  outwarii 
rather  than  into  the  deejur  structures,  and  always  shows  s  m** 
connective-tissue  stroma  at  least.  The  juipillomata  of  the  muciMi- 
membranes  ditfer  acconling  t«i  their  situation.  In  the  lar\nx  and 
other  |K)rtions  coven-d  with  squamf»us  epithelium  they  may  present 
much  the  siime  ap|H.'arance  a??  tliat  seen  in  the  skin,  though  the 
epithelium,  as  a  rule,  n-mains  softer.  There  are  cases,  however, 
in  whi<'h  a  di.-tin<-t  pachydcnuatou-  changi*  is  found  in  the  epi- 
thelial coviTJngof  jnipilloniata.  In  the  gastn>-intestinal  tract  and 
in  the  Idadder  papilloniatii  are  prone  to  be  soft  and  villous  in 
appearanc<:  and  an-  r-oven-fl  witli  a  s<;antier  epithelial  coating. 
Oystic!  (;han;:e  i-  not  !inii-iial  a^  a  result  c)f  degenerative  proces«?es 
or  of  dist^-ntioii  of  tlie  riiru-r,ii.  (rjand... 

Nature.  —The  narun-  of  th*-'-  tumor-  is  benign,  but  they  may 
be  de.struetivi- of  rj,-  j/i-n.  rai  health  in  c(»n sequence  of  repeated 
hemorrliatr|-  ar  bv  inNrf-riutr  with  the  function  of  the  organ  or 
part  in  whir  I,  tli^v  '.xti*A\M:i\it\.  In  >f,me  cases  they  are  suppL»sed 
to  become  UinW'^unur  ->  ,^  ri.i-  Jia.  not  been  (h-iinitely  proved. 

ADMNOMA. 

I  Definition.  -.V:..'.',-;..  ..  t|„.  wrm  appliwl  to  a  new-srrowth 

Wl  correHjxmdjjj^i   inoM    v..    .«,.,  .,,   ^^rrneture  with  certain  epithelial 
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_Hids>  and  therefore  presenting  acini  or  tubules  containing 
glandular  epithelial  cells  (cylindrical  or  polyhedral)  and  a  reticii- 
him  of  ennnective  tissue  and  blocid-vesselH.  It  is  difficult  to 
separate  simple  glandular  hyperplatiiu  on  the  one  hand  and  carci- 
noma on  the  other  hand  from  true  adenoma.  This  will  be  die* 
cussed  in  referring  to  the  structure. 

biology. ^ — The  causation  of  adenoma  is  obsciu'e.  In  some 
ca^es  congenitid  misplaecnicnts  of  tia«3ue-elenients  appear  to  play 
a  part,  as  is  seen  in  me  castas  of  adenomata  of  the  kidney  having 
the  structure  of  suprarenal  bodies.  These  tumors  whichj  it  is  true, 
some  authorities  refuse  to  consider  as  adenomata,  have  a  general 
resemblance  to  adenomata  and  spring  fi-om  remnants  of  suprarenal 
tissues  embedded  in  the  kidney-substance.  Traumatism  may  be 
a  factor  in  the  etiology  by  exciting  the  prolifemtion  of  such  mis- 
placed tissue-elements.  In  other  cases  the  ordinary  glandular 
struetnres  seem  to  be  stimulated  to  abnormal  liypcrplasia  and 
tumor-growth  in  consequence  of  continued  irritation.  Instances 
of  this  sort  are  freciuently  seen  in  the  gastro-int4?stinal  mucous 
membranes,  notably  in  the  stomacli  and  lf>wer  part  of  the  colon 
in  certain  cases  of  chronic  gastritis  and  old  dysenteries. 

Appearance* — The  appearances  of  adenomata  vary  greatly 
with  their  seat.  On  the  mucous  surfatn^s  there  may  he  a  simple 
thickening  or  more  or  less  diftuse  and  irregular  elevation  of  the 
surface*  or  in  other  cases  distinct  jutpillomatous  outgrowths  and 
rarely  definite  no<Udar  tumors.  In  stmie  of  these  cases  the  e<)ndi- 
tion  is  ptirely  one  of  inflammatorj^  hyperplasia;  in  otiicr  eases 
there  is  undoubted  tumor-growth.  No  sliarp  demarcation  can  he 
established.  In  the  substance  of  the  organs  adenomata  (H-ctir  as 
nodular  tumors,  usually  singly  and  well  circumscribed,  and  not 
rarely  surnjunded  by  a  fibrous  capsule.  They  are  moderately 
firm,  and  on  section  whitish  or  pink  in  color.  Sometimes  cystic 
change  occurs  as  the  result  of  dilatation  of  the  glandular  acini  or 
in  conse(|uenee  of  degenerative  softening ;  in  these  cases  the  con- 
sistence is  corres{K>ndingly  altered. 

Seats. — Among  the  situations  in  which  adenoma  is  frequent 
may  be  mentioned  the  mucous  meml>ranes,  the  skin,  and  certain 
organs,  notably  the  mammary'  ghind,  liver,  kidney,  suprarenal 
bodies,  thyroid  gland,  and  ovaries,  Clinically  important  seats  are 
the  pylorus,  tlie  duoilenal  papilla,  tlie  rcetum,  and  the  uterus.  In 
these  situations  adenouKita  .spring  from  the  epithelial  tubules  or 
mucous  glands.  In  tlie  skin  the  points  of  origin  are  the  sebaceous 
and  sweat-glands. 

Stroctfire* — The  definition  in  general  indicates  the  structure 
of  these  tumors.  They  are  more  or  less  typical ;  that  is  to  say, 
there  are  acini  of  normal  appearance  presenting  a  single  layer  of 
columnar  epithelium,  with  perhaps  in  places  a  tendency  to  heaping 
up  the  several  rows  of  epithelial  cells.     These  acini  are  well  in- 
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closed  by  a  snrrounding  connective-tissue  reticulum^  and  the 
appearance  of  normal  gland-tissne  is  thus  produced.  Unlike 
normal  glands,  there  are  no  excretory  ducts,  or  at  most  imper- 
fectly developed  ducts. 

Two  varieties  of  adenoma  are  sometimes  distinguished,  the 
tubular  and  the  racemose  or  alveolar.  In  the  former  the  glandu- 
lar system  is  simple  and  consists  of  tubular  formations  lined  with 
columnar  epithelial  cells ;  in  the  latter  the  appearance  is  that  of 
more  complicated  glands  with  closely  aggregated  acini  of  circular 
outline  containing  columnar  and  often  cubical  or  polyhedral  cells. 
The  number  of  varieties  may  be  carried  further,  however,  for  in 
the  liver  the  adenomata  resemble  the  normal  liver-structure  rather 
than  the  ordinar}^  glandular  formation  above  described,  while  in 
the  suprarenal  capsules  and  kidney  the  appearance  is  that  of 
slightly  atypical  suprarenal  structure,  or  in  other  cases  that  of 
embryonal  renal  tubules  distended  to  form  considerable  cystic  spaces 
with  partitions  and  inwardly  projecting  papillomatous  elevations. 

With  the  further  growth  of  adenomata  the  appearance  may  be 
little  changed.  In  other  cases  considerable  variations  occur,  and 
there  is  a  tendency*,  more  marked  in  some   situations  than  in 


Flo.  4&,-.I>«fttructive  adenoma  (Beyea). 

a. 


<)tlitTs,U>  active  proliforation  of  the  epithelium,  which  may  cause  ^ 
consi(l(frablo  alt<»ration  in  the  liistology  f»f  the  tumor,  and  event- 
ually transformation  into  i\(^ti\\\Ut  carcinoma.  The  terms  adeno- 
carcinoma, (IcKtniftivff  adenoma,  and  malignant  adenoma  are 
sometimes  applied  in  hucIi  im^.     The  same  names,  however,  are 
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given  to  a  type  of  adenoma  charaoterized  by  the  formation  of 
abumlant  anastomosing  or  sepanite<l  tubules  and  acini  with  com- 
paratively little  reticular  tissue,  and  by  the  tentleney  to  rc]>etitioo 
of  the  same  structure  in  the  local  extensions  from  the  origin 
growth  and  even  in  metastases  (Fig,  Bo). 

The  CrOnnective-tissue  stroma  of  adenomata  may  be  nif>derate 
in  quantity  or  may  be  con^iiderable.  In  some  adenomatous 
proliftTationj^  of  the  mucous  menilvranes  the  number  of  gland- 
acini  or  tubules  may  be  relatively  small j  while  the  interglandnlar 
connective  tii*sue  shows  active  round -eel  I  intiltrntion  to  a  very 
coa«idenible  degree.  iSometimes  the  iuterglandular  tissue  is  dis- 
tinctly sarcomatous  (adenosarcoraa).     In  other  instances  the  bulk* 


K^K^^ 


FlO,  M.*'Aa«ncim»of  the  mominitry  Klaini,  with  ryaik  efilarjjemetit  of  mciai  and  AbuBd&nt 
interglaoduliLr  Eyper^ilfUiifi  of  Gotmeitive  tiesue. 

uf  the  tumor  may  consist  of  connective  tissue  of  fibrous  character 
in  which  are  endieddcd  a  relatively  small  number  of  glandular 
alveoli.  In  all  of  these  cases  it  is  ditticult  to  determine  whether 
the  connective-tissue  process  was  primary  and  the  epithelial  sec- 
ondary, or  the  reverse. 

Secondary  changes  are  common,  the  adenomata  of  the  stom- 
ach and  uterus  being  particularly  prcme  to  change  their  char- 
acter to  that  of  carcinoma.  In  these  cases  there  may  be  noted 
active  proliferation  of  the  epithelial  cells,  sr*  that  the  acini  or 
alveoli  become  completely  fiUe^h  or  that  the  ends  of  the  tubular 
structures  become  bloc^kcil  np,     Tliere  is  a  tendency  to  extension 
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A  -^pith'-iiai  innltrariou  lipvoncl  tin*  limits  of  the  acini,  'tincermis 
.'it^-i\rrii-.  rH>inir  the  iv^ult.  In  orin*r  j-asi^  the  maiiinuincv-  r 
nrianitV-st*-fl  :.y  th»*  exi^essivr  ppitlu*Ii:il  |)mlit('raiifm  in  the  rorra  •!' 
nf'.r  3/ini  if  irrejrjiar  chararter  (Fii^.  Ho).  Eventually  the  tumor 
may  '>#*f.'inri**  purely  carr* innmuiou.*. :  in  othrr  tnLM*3.  however,  i: 
'•'»ntinii»-«i  :o  iruTfase  in  siz**.  always  rotainine  its  aiieniH^airin*- 
,Ti:ittiii-  i|»i>paran«!f*.  but  n«*vi*r  hft'oniini^  typically  (.arriaumacous. 
r^*irtTi»'ratIv»»  ohantrf^s  may  1)h  niK  witli  ils  in  other  tumors, 
fiv'iiiin*  tran-itorniation  or  pnviur'tion  of  hyaline  or  myxomatous 
ri-«-i!i**  "n  tiiH  stroma  may  2'iv«»  thi»  tumor  an  appe:irance  justifying 
•h**  vrn  ■•  ^y:In«iri»ma''  or  *'  cylin<ln>-a«l»*niima.''  Such  oaaes  an? 
mrr-.  \f  ■.•\-umatoMsan«l  evt^n  <'al«»an'oiis  «'hanffe  may  S4imetimes  i>e 
►ns*-rv.-si.  Til*-  «'onnt*fnivi»-tissiie  stroma  may  proliferate  actively 
irifi  i--Jiin*'-ar-  iTnatous  app»»aranfe — aili*no*arr»oma.  Cystic  oJums** 
Ti.'iy  r-^iiit  rVim  jnnhial  ililauuion  of  tli«'  irlam hilar  acini  or  from 
li-'.-itlon  if  rn.r-nal  'luots  or  alv«Hili  of  the  ^rlanfi  in  which  the 
^.,\r^i>r  i^-^ur*.      In  thi'sp  i^asi*s  the  t«*nn  <'ystic  adenoma  or  cyst- 

Nature. — ^A"i»Miomara  are  l)oniirn  tumors.  In  isome  oaa»»?. 
■»..'v-'  T.  I  r>«ir*  ^{•^n«)ma  may  iriv**  ri-f  r«»  motasta.'iis.  Tliose  "f 
•:m'  ■■•r.  r'*r  ••x.impli'.  not  nin^ly  <*an-»f»  stM-ondar}'  ilt*i)«)sit$  in  ttu' 
-r*'»'--i  ir.il  It'-j-*  ir'-'|ii»'ntly  ♦»U»»wh«Ti'.  Tht»  ailenomata  of  the 
♦ii-T.'-l  s\'Mv\  -i  mi  la  fly  ransf^  nirtastasi-^.  tlmuffh  their  structure 
{«>'-■  .11  .t  ill  i:iy  way  suif'i'est  maliirnant  ;jrrowths.  Di^mictive 
rnii'n*.»n:iM  '*r  iil'-ivxriiroinomata  an*  maliL^nant  in  pmportitm  to  the 
■wno'j-ir  if  .-ap.'i  noma  tons  rnnstnrmarion  «)n  thi*  on«*  haml  or  i>f 
rit-.':.i.-i.  /!:jnijii!ar  [iroiif-rarinn  on  tht*  "thiT  lian«i. 

Tij"  "tr-r-t  of  a«l«'no!ii:ira  *^n  rii»-  ir'-mrnl  ln-alth  is  vanahlt*. 
T;i«-'  f\*i  nut  ^onrril*iit»'  to  th,.  ._r.'n»T:ii  mi-raWoIism  a:?  far  as  i? 
K'n-.-vn.  ttiMiij"J»  M«fa-!i»iiaily  liiiiary  piu^Tii'-nt.itinn  of  tiie  adenomata 
'.:'  r\\('  li/.-r.  arnl  ^'v.-ti  -rf  rh»'ir  nvra-ra.-t-.  Miiij  the  s«fn*tion  <»f 
rnilis-lik'-  rfniil  in  m:itn:n:irv  :i'l«-nniii:ir:i  'viili-nre  the  partial 
[»r-  -'Tvitliin  of  t'linr-tion  i>y  rin-  i-»-I;-.  Tin-  L'"»"n«-r:il  ht^alth  maybe 
nniiiV'ir.iJil/  in{iii«'n«-«''l  bv  aili-nnmata  of  rl.o  miii'on>  surlacf*  in 
.-. iii-:ifi'i«'nii-  'it*  *b»'ir  inr.'r?"'-r'-ii'-»-  with  nunnal  f jn*-ti«*ns  i>r  in  con- 
-'■.,M»ii !'  -i-'"'i:nl:irv  !ii«-*T:irinn  :jn<l  ln-soorrba-.^*'. 


CARCINOMA. 

Definition.      Ilf  •••nn  '-ar  in'.n.M  ..r  'an'^T  may  beapplie*!  to 

'.i.iM.i-.  M  « 'I'l-li  ■■iiiTfi«!!:il  pp.iil'-r.'iti'iii-  in  rlii- form  of  s«iliil  bliM'ks 
,r  ..«i»M!i-  'i'-  In  f|i«-  I'.ri;.  ot"  :ir'.  |ii«:ii  ;n-ini,  -•■paniriil  by  mon-  **v  b-ss 
•...i.u-.  li  ■  •i-.ii«-.  pp -«  lit  rinTii-.  1-.'-.  rh"  '-jiirh'Tlial  prolifonition 
-i.o-«''i._r  I  -..ririi.,,!  Ui  t<u\x*\  iM-.'.ii-l  iiiirmal  anatomic  limitji. 
,'■  ^  ■.•ir...,,r !  ■  IliVn 'li^  fo  #ori-^ri!T  ;i  ibrinition  that  will  Iw 
ifii--  ■•  ,ii.-  i»,.,iii- »!,!«.  S«,tii*-  \\A\'r  p'/anb-tl  riie  trn«lenoy  of  the 
•»'»b«-'-il   j»»-.i*  !«ri!if,Ti  ?i,  bnuk   rfiroii.rb  tlir  normal  limits  and 
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extend  beyond  the  confines  of  the  epklieliiil  structun^'S  from  whirh 
it  rises,  as  the  important  fnndiiniontal  element  of  eairinoma. 
Others  have  hehl  that  there  is  a  peeuh'ar  atypieal  oliaraet4:*r  in  the 
epitJielial  cells  tlicniselve^s  sliown  l)y  irrcji^nlar  cell-division,  hyper- 
chroma  tosis,  and  otiicr  features.  The  older  authors  lielieved  that 
[Mplymorphisni  ami  rertaiii  irrcgnlarities  of  cell-(  ontonr  snttiee  to 
♦listinguish  car<*inon)a-eeIls  from  normal  cells  or  those  of  other 
tumors  :  hot  this  polymorph  is  tn  is  now  recotrnizcd  to  he  the  result 
entirely  of  compression  in  the  growth  of  the  tumor,  and  to  be 
therefore  accidental.  Some  have  believed  that  tlie  term  car- 
cinoma should  inelndc  all  epithelial  tnmors  g'iving  rise  to  metas- 
tasis, but  this  ncccssiirily  restricts  tlie  term  too  frreally  t>n  tlxe  one 
hand,  and,  on  the  otiier  hand,  incluflcs  ciTtain  tumors  probably 
purely  adenomatous,  I  pn^fer  to  regard  as  caiviuoma  any 
epitlielial  growth  atypically  reproduciug  certain  glau<lular  or 
other  structures  and  showing  a  manitest  tendency  to  irregular 
extension. 

Stiology.^ — The  causes  and  nature  of  carcinoma  are  still 
obseui'c.  A  number  of  theories  liave  been  offered.  These  have 
been  referred  to  in  the  tliscussion  of  tlie  etii dtigy  of  tmnoi-s  in 
•nemL  A  l>rief  ret  *insidcratiou  tnay  be  useful  in  this  place. 
(a)  Congemtal  Theory. — The  theory  of  Cohnheim  regarding  the 
etiology  of  tumors  iu  general  is  less  applicable  to  ciiuccr  than  to 
certain  other  growths.  There  ar*^  a  few  examples,  h*»wevcr,  which 
wfudd  seem  to  prove  that  nrisphuxni  epithelial  cells  undergo  ear- 
ci nomat 011-5  pro Mferat ion  ;  Ibr  example,  there  are  eases  of  appar- 
ently primary  carcinoma  springing  from  bones  whieli  would  seem 
to  require  this  explanation.  It  is  not  always  certain,  however, 
that  such  cases  are  aettially  jjrimary.  They  may  represent  metas- 
tases from  small  primary  growths  which  have  escaped  noti<*c. 
The  rarity  of  eareiuouiata  in  early  life  would  seem  to  neg^Uive 
the  congenital  theory,  and  at  all  events  wouhl  show  that  otiier 
kiHuences  of  importance  are  recjuisite.  Of  late,  a  number  of 
hypotheses  that  in  a  meiisure  contain  the  idea  of  congenital 
origitj  have  been  put  forwanl  to  explain  the  formation  of  ear- 
cinotna.  In  these  it  has  been  assumed  that  there  is  some  peculiar 
irregularity  iu  cell-mnltiplieation  and  a  teudeney  to  iudetermiuate 
prolitcratiou  supposed  to  originate  in  faulty  development.  These 
hypotlieses  are  vague  an*l  nneertain. 

(//)  Traumatic  Tbeory. — Clinicians  are  inclined  to  give  great 
weight  to  this.  A  single  traumatism  profnibly  has  little  import- 
ance, I  hough  women  fref|ueutly  state  tliat  they  recall  distinct 
injuries  from  which  earcinomata  of  the  breast  have  seemed  to 
originate.  It  must  l»e  recalled  tiiat  such  injuries  are  sustained  by 
practically  every  woman,  and  the  preseuee  of  earcinotna  would 
readily  lie  attributed  to  a  preceding  hurt.  In  eases  of  epithe- 
lioraata  of  the  lip  iu  pipe-sniokcrs,  in  the  earcinomata  of  the 
13 
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«crr>tiiin  and  lim}>!9  in  chimney-sweeps  and  paraffin-workers,  and 
in  cai«es  of  uterine  careinomata  following  laceration  of  the  cervix, 
the  effect  of  chronic  irritation  would  seem  to  be  important.  The 
frerjuent  association  of  gall-stones  with  carcinoma  of  the  gall- 
bladder has  often  been  considered  in  the  same  light. 

fc)  InfiMtioiis  Theory. — The  peculiar  growth  of  cancer,  its 
destnictiveness  of  the  general  health,  and  its  metastasis  readily 
Hiiggest  an  infective  origin.  Bacteriologists  sought  to  isolate  micro- 
organi-^ms  without  success ;  later  investigators  have  turned  their 
attention  to  low  forms  of  animal  life,  protozoa.  (For  further  dis- 
cus<«ion,  see  p.  138.)  A  few  successful  experiments  have  been 
made  at  implantation  from  man  to  animals,  or  from  one  animal 
to  another ;  but  as  Hanau,  one  of  the  few  successful  exj>erimenters 
in  this  work,  himself  states,  these  experiments  do  not  prove  infect- 
iousness. The  secondary  growths  in  the  second  animal  may  be 
simply  of  the  nature  of  metastasis,  due  to  implantation  of  the 
i^ancer-cells  followefl  by  their  proliferation. 

A  renewal  of  activity  in  the  study  of  the  etiology  of  cancer 
during  recent  years,  and  with  all  the  advantages  of  modern 
rnetlKxls,  has  thus  far  led  to  no  positive  result.  Statistical  evidence, 
the  probable  cases  of  accidental  infection  in  surgeons  and  others, 
the  more  or  less  suggestive  results  of  experimental  inoculation, 
and  the  distribution  of  cancer — lend  some  probability  to  the 
infectious  thef>ry,  but  it  must  be  confessed  that  the  evidence  is  far 
from  {Mwitive. 

Anionj^  vegetable  organisms  to  which  etiologic  significance  has 
been  attributed  are  the  blastomycetes,  which  some  investigators 
(;laim  to  have  found  in  every  cancerous  growth  examined,  and  the 
assnriKMl  irnporUuice  of  which  is  further  based  upon  the  results 
of  experimental  infections  with  cultures  of  the  organisms.  The 
invariai)le  occurrence  of  blastomycetes  has,  however,  been  disproved, 
and  the  e\j)(»ri mental  lesions  are  not  really  analogous  with 
<!arcinoina. 

(al)  Tumor-dyscrasia. — This  indefinite  term  is  supposed  to  indi- 
cate that  certain  peculiarities  of  the  liquids  of  the  l)ody  occasion 
the  tendency  to  cancerous  growth.  Xo  proof  of  the  existence  of 
any  <lefinit(;  dyscrasia  has  ever  been  furnished,  though  it  is  not 
unlikely  that  some  form  of  disposition  to  this  jrrowth  acts  as  the 
|)re(lisposii)g  cause,  (»ven  if  traumatism,  infection,  or  other  factors, 
are  the  immediate  cause. 

Age  plays  an  important  part  in  the  formation  of  carcinoma, 
as  this  tumor  is  essentially  one  of  advanee<l  years.  Among  275 
cases  collected  by  Lubarsch,  ofj.O  per  cent,  occurred  between  the 
ages  of  forty-five  and  sixty-five.  There  were  a  few  instances  in 
childhood  and  early  life.  Between  fourteen  and  nineteen  there 
were  1.4()  |)er  cent.;  between  twenty  and  twenty-five,  1.8  jier 
cent.;  between   twenty-six  and  twenty-nine,  1.1   per  cent.     The 
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frequency  in  later  life  was  fornierly  aserihed  to  some  altemtion  in 
the  vitality  of  tlir  epitlielial  eolls»  rcticlcrini;  iheiTi  more  lial>le  to 
abnormal  prolifenition.  Tlir  n^iture  anil  cause  of  sueli  alteration, 
ho\^evei\  remain  of»seiire  anil  ther>retieal,  tlnnj^h  tliere  is  certainly 
a  greater  tendeney  to  eaneer-frrowtli  us  a^e  inerea^es. 

Heredity  was  formerly  regarded  as  of  great  impLirtance,  Cer* 
tainly  in  t?ome  eases  there  seems  to  be  hereditary  transmission  of 
the  tentlency  to  develop  eareinoma. 

Appearance, — Cart^inomata  differ  coni^iderably  in  ap|K'arance 
in  different  parts  of  the  body.  Those  of  the  surfaces  present 
themselves  as  more  or  less  nodular,  flat  elevations.  In  the  skin 
the  nodules  may  remain  hani  and  rather  smooth,  or  they  may 
soften  upon  the  surface,  fljrming  nnsightly  ulcerations.  In  the 
mucous  membranes  th<'  growths  are  mrtre  freqtiently  siift  and  poly- 
pe »id  or  eanliHower-exereseenees  (Fig.  fi7).     Ulceration  may  occur 


Fl».  67.— Caftltiouia  nf  ihc  duodenal  paplUa  (raodlflcd  Ttom  Kiutt  and  Runipel). 

on  tlie  surface  of  such  elevations,  or  from  the  fir^t  the  tumor  may 
be  of  nkerative  eharaeter,  causing  spreading  excavations  limited 
by  tliickened  projecting  edges,  Carciiionuila  of  the  giantlnlar 
orgaas  form  more  or  less  nodular  tumors  or  irn*gular  infi  It  rations. 
These  varv  greatly  in  cnusistcney,  s(jme  being  almost  .^tituy  hard, 
others  soil  in  ('onsec(uence  nf  tlieir  ]u*cpunderaiijig  cellular  eliar- 
ncter  of  secomlary  degeneratitms.  Du  brctiou  the  tniiior  is  found 
to  Ix?  white  or  grayisli  in  culor,  generally  somewhat  tnnislueent 
and  glistening;  milky  liquid  may  cxize  from  the  surface.  ^**'P~ 
tit dt*- formation  is  rarely  seen,  though  in  occasional  instances  tfie 
normal  connective  tissue  of  the  organ  is  pressed  outward  by  the 
growth  of  the  tumor,  au<!  thus  forms  an  imjierfect  capsule.  The 
primary  growth  is  generally  solitary.  Oceasiunally  instances  are 
oliserved  in  wliich  two  separate  masses  develop  .simultaneously  and 
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apiKirenlly  intlejH'ntk'iit  nf  riieh  other:  a.s  in  the  two  breasts. 
Mi)re  frequontly  iipjKirent  multiplicity  is  caused  by  tlie  early  apjn^ar- 
ance  and  rapid  ^rovvtli  of  metastases. 

Secondan'  careiiif^mata  are  nodular  in  character  and  nearly 
always  nioltiple.  T!ie  larger  are  often  dislinetly  encai>sulattHl. 
Centnil  softening  nr  eontmetion  «tf  t'(mneetive  tis*ne  may  give  tlie 
surface  t>f  the  uodiile  an  umbilicatetl  ebameter  (Fig.  68).  The 
number  varies  greatly,  fnun  a  few  large  or  small  nodules  to  innu- 
nieralde  tulK^nde-like  forms  in  f/etieral  atrcinomattjgi^!.  In  some 
situations,  as  in  bones,  secondary  cart*inoraa  lias  an  infiltrating 
character* 


Fifi.  iA.— MtrtAsUtirr  tuidnlef  of  c«rdDoijia  on  tbe  EtirfiU'e  of  the  1- 

Seats. — The  situations  in  which  earcinomata  occur  art  xtry 
numerous ;  they  invariably  arise  from  pre-existing  rpitbetial 
structures*  In  the  rare  instances  in  wliich  a  presumably  priimfT 
c^an-inoma  has  occurred  in  Ixme  or  other  connective 
presumption  is  warranted  tliat  the  tumor  originated  fkwn 
of  epithelial  tissue  left  by  faulty  development.  Among  the 
fluent  plaec-s  i  if  origin  the 'most  important  are  the  uterus,  tfcej 
the  gnstro-inti'stinal  tract,  particularly  the  esophagus,  pyknts^aiMl 
rectum,  tiie  mammar>'  gland,  the  ovaries  ;  less  frequently  the  It^g 
kidney,  thyroid  gland,  pnj^tate,  or  testicle  may  he  the  -^ — '^ — 
point,  Secondary  earcinomata  curiously  do  not  often  I  ^ 
in  which  the  primarv^  growth  is  frt^juent.  Of  the  i 
of  siiondan'  careimwiiii,  the  lympliatie  glands,  the  Urrr.  i , 
Imig^,  heart,  and  serous  membnines  are  the  nic^l  iinpcjflMit.  Si 
oiulary  cjirciufima  of  the  l>«jncs  is  Miecially  frequent  after  cmwi 
of  the  breast  nr  the  thvrrmJ  gland. 

Structure. — The  hii»tiflog>^  of  carcinoma  varies  grt^tly 
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fcrent  situations  awl  in  (liferent  ftirins.  Thore  are  two  distinct 
elements  involvt'4 — viz.,  ^J^^ith€4iai  valh  iuid  a  t'onnective-tif^sne 
stroma.  The  epithelial  eells  are  [iiedium-isized  or  large,  and  have  a 
rather  largo  and  elear  nueleus ;  tiie  sliape  nf  the  eivll,  however,  differs 
\v  id  ely .  I  n  e|)  i  1 1 1 1 '  I  i  u  11 1  at  a  t )  t"  t  h  e  s  Iv  i  n  t  lie  ee  1 1  s  a  r  e  la  r  ge  a  iid  u  sua  1 1  y 
of  a  squamous  variety.  In  eareiuomata  of  mueous  membranes  they 
are  more  often  cylindritMi  (ireuluinnar,and  there  is  a  tendency  to  the 
formation  of  euhoidul  or  jiolyhedral  epithelinm.  The  last-named 
forms  are  habitually  present  in  the  eaneers  ctf  glandular  organs. 
The  mutual  eompression  exercised  may  occasion  a  polymorphous 
character,  and  the  older  writers  wrcingly  regardtnl  thiB  as  a  feature 
hv  which  a  carcinoma-cell  con  Id  he  reeogniztrd  as  such.  Secondary 
change^  may  oet^asiun  wide  variations  in  the  ap|>earance  of  the  cells  ; 
thus  the  epithelia  of  cancers  of  the  akin  tend  to  become  arranged  in 


Flo.  6M.— EpftbeUomji  nfskin.  ^howitig  couceotrlc  arrHngcmeiU  aud  dei^ncmtlon  of  oellA. 

Concentric  whorls  an<l  at  the  «ujie  time  to  become  somewhat 
glistening  from  Imrny  tmnsfnrmation  (Fig-  61*).  The  nnelens 
may  be  clear  and  f|uite  atruetureless,  or  may  show  a  distinct 
nneleolus  and  a  definite  chromatin  network.  Karvokinetie  fig- 
ures may  be  quite  abnn<lant  and  are  frec|iiently  atypieal.  Degen- 
erative changes  (dropsical  iiitiltration,  myxi*oiatous  change,  fatty 
degeneration)  may  alter  the  nucleus  as  well  as  t!ie  ImhIv  4»f  the 
cell. 

The  epithelial  cells  are  usually  grouped   as   cylindrieal   and 
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lirimchiiig  i»r  anastoiiin.siii^  CHjloimi-i,  ot  as  irregular  tuliular  forma- 
tions,  the  tubules  being  of  varying  lengths.  Tbt*  explanation  of 
the  struetnre  of  the  columns  or  tubule.s  is  that  they  are  f(>nneil  by 
tlie  exteu,sion  of  the  musses  of  proliferated  cancer  cell?  along  the 
lymplj  channels  mid  spaces  of  the  tissue.  Very  often  the  section 
shows  all  the  tul>ules  cut  tmusversely,  and  thus  the  appearance  of 
glandular  acini  is  given»  In  some  cases  the  tubules  are  short  ;uid 
aeinuB-like ;  as  a  rule,  however,  the  appeamnee  is  only  due  to  the 
mjinner  of  Bcetion.  The  acini  differ  strikingly  from  those  of 
ad  en  on  i  a  in  si  lo  w  i  ng  8e  v  e  ra  I  or  ma  ny  I  ay  e  rs  <  >f  w  1 1  s  i  n  stead  of  on  e, 
and  tliere  is  the  further  ditlereiice  that  cellular  outgrowths  may  be 
seen  at  the  periphery  of  tlie  aeiiii.the  cells  Iiaving  broken  through 
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tliC  retaining  wall  (basement-mend >rane)  and  prolifenitcil  outside 
to  form  new  ehmips  (Fig,  70).  On  examination  of  the  epitlielia 
within  the  acini  it  is  found  that  those  of  the  peripheral  layer 
frequently  retain  the  columnar  character  seen  in  theuomud  alveoli 
of  the  gland  from  which  the  tumor  springs.  The  connective- 
tissue  etrfjmaof  carcinoma  is  more  or  less  dense,  but  practically  is 
always  of  fibrous  clmractcr.  It  is  arranged  in  such  manner  its 
to  form  lioilowcd  s|Miees  or  eolmiins  in  which  the  epithelial  stnu-- 
tun»s  already  descriljcd  are  embedded.  Kecently  attentiun  has 
been  K^\\VA  to  the  fact,  that  elastic  tissue  is  ibrmed  in  the  sirH.*ma 
of  the  tumor  in  vrirving  abundance.  Frequently  infiltniting 
leukocytes  and  plasmanvlls  or  niast'Cells  are  seen  witinn  the 
strotnn,  and  die  latter  also  bears  the  vascular  channels  that  supply 
the  tunior. 
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TliO  altovt'  clestTi])tioii  a[>|>lie??  to  the  imlinarv  carcinoma  of 
*:l:mdiiltir  oi-^iis.  Sonic  tlitlcrcnoe  \h  ohservahlc  in  tlie  cancers  n[' 
the  skill  and  otiicr  external  surfmces.  In  tlie^c  the  stnicture  i8 
rather  that  of  nil trh  cnlarsfed  im|iil lie  penetnitin^'  int(»  the  deeper 
tissues?.  The  cells  in  their  tnirly  staples  are  similar  to  tho&e  of  the 
deeper  layers  of  tlic^  skin,  arc  lar^rcr  than  tho,se  fd'  crlandular  (*an- 
eers,  and  more  translucent.  Snbseqiieiitly  the  cells  tend  to  l)ecoTne 
uf  tlic  sfpiuniou.s  type  and  nndcrgu  more  or  less  horny  change. 
Hollow  alveoli  and  acini  are  nn usual  in  cancers  of  the  skin, 
tlion^xh  such  gtructnn^s  may  occur  in  mme  eases. 

Degenerative  Changfes.— Carcinoma ta  are  quite  prone  to 
de|^eneraticais»  In  nearly  all  cases  in  which  the  tumor  liu:^  reached 
e^:jnsideral>lc  size  more  m*  less  fatty  tlcgcncration  Mf  the  cells 
becomes  apparent.  Preceding  this  or  associated  with  it  may  be 
cloudy  swelling  or  ilropsical  inliltratimi  of  t!m  trells,  iviiderin^jj  the 
nuclear  outline  less  distimit  and  s<unetimes  causing  vaeuolations. 
Irregular  and  multiform  nucli-ar  degenemii^ms  are  met  with,  and 
prt*baldy  occasion  some  at  least  of  the  structures  known  as  para- 
sites of  cancer.  The  cpitlicliomata  nf  the  skin  arc  particnlarly 
prone  to  a  horny  transf<trmation,  this  occurring  first  and  most 
prominently  in  tlie  concentric  wliorls  already  described.  lu  the 
adenocarcinomata  of  the  ovaries  and  other  genital  organs  of  women 
the  degenerated  epithelial  cells  frecpu^ntlv  undergo  calcareous  iufll- 
tnition,  and  psmnmomata  arc  thus  formctk  Colloid  degeneration 
of  the  epithelial  cells  is  a  rare  event,  ant  1  the  term  colloid  cancer  is 
generally  a  misuomer,  the  real  degeneration  in  most  of  tliese  being 
myxomatous,  affecting  the  connective  tissue  principally*  though 
the  epithelial  cells  are  to  a  certain  extent  involved.  Coniplctc 
degeneration  hy  myxomatous  or  associated  myxomatous  and  fatty 
change  niaydestn*y  all  of  the  characteristics  of  the  original  tumor. 
In  mmc  cases  cystic  transformation  occurs  in  organs  the  seat  of 
cancer,  or  in  the  cancer  itself.  This  may  l)e  due  to  (x;clusi<ju  and 
Bubsequent  dilatation  of  the  ducts  of  the  orgiui  or  of  the  acini  in 
the  tumor,  the  cystic  spaces  becoming  tilled  with  mucoid  or 
gelatinous  material.  In  some  instances  cystic  can^iuoniata  are 
secondant^  developments  originating  in  cystic  adenomata.  Hyalin- 
change  and  pigmentation  are  rare  in  cani-er. 

luflammatnry  processes  are  ([uite  common.  Cancers  on  free 
sui*faees  are  proue  in  undergo  ulceration  in  eonsecpieuce  of  irrita- 
tion and  infection.  Aninng  the  nnVpi-organisms  discovered  in 
such  instances  the  staphylococcus  and  streptoccx'cus  are  conspicn- 
OUfi.  A  distinct  erysii>elatous  inflammation  may  ix^cnr  io  cancers 
88*  in  other  structures.  Invasion  of  tubercledjacilli  and  the 
dejKjsit  of  nxiliary  tubercles  in  carcinoma  arc  rare  events,  tlmugh 
they  sometimes  occur.  Associations  of  carcinoma  auil  tuberculosis 
or  syphilis  may  in  other  cases  result  from  the  seconilary  growth 
of  cancer  in  pren^xisting  gummatous  or  other  syphilitic  lesions  or 
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la  Iripii*.  Prai*ri»ally  all  •?arv:Ln«>CLuini  -tii.'W  ^jm*t  [•rak'>:yrio  infil- 
trarii-«n.     The  amormc  of  this.  fai>wev.rr.  vari»->  orr»?atIy. 

Natnre. — ^'.'^rMiwaja  L*  trs^sentiaily  mali;rniint.  th«*  dejrpei?  *^f 
maii^^naoiy  Jepeniiing,  h»> wever,  opoa  the  ?ejt  am  i  iipoa  oertain 
pei?uliaricies  of  the  :ndivil:iaL  S-merinitjs  &  small  growth  mav 
remain  pracd'SilIv  Lit«rQt  t»>r  a  l«>ac  time  'in*:!  a«?i*iiien*al  oircum- 
*tani>r!s.  like  traumatism.  inten.*um?nt  lii^ease.  pr-^nanoy.  or  rhe 
like,  5timalate  active  gr»>wxh. 

<_ar^ia''rria  exhibit*  all  the  elemears  "i  sialUr^^ac^'y  :  the  ten- 
•ir-ni*v  :■.  r^'-uraiirr  prmoval.  ui»-ta-tasis.  aii«i  ^.iiTnil  dr:tt.n««rdtit»[i 
of  the  health.  Rctriirreat^e  aner  removal  is  nii>?t  iva-iily  explaiaeil 
up«>a  the  a-rinrnptii-n  that  the  rndre  ^rp^Hth  has  n«>t  been  re- 
nii'Vei.  \[:«r«'S4»'pi''  -t!j»iies  sfai-w  tliat  the  j.pra '.'f  iaairrat:«»n  is 
iL-iijally  rani.-h  :r^^ra^-r  rhan  thr  nakel-^ye  apj-earant.'e^  w.-cld  in«ii- 
•^te.  and  this  ♦rxplain-r  why  the  suive«.'n  oann».'C  wdl  remi-ve  the 
whole  dir^a-s^.  Metastasis,  as  a  nil^r.  fallows  the  lymphatic  ohan- 
n»rl-.  an<l  thus  primarily  involvr>  the  lymphatic  glanvis  in  the 
n»^iirhr»rh«*-I  ot"  th*:-  :iP>wth.  The  ppx'ess  may  b*^  rx plainer i  as 
f  .ll..u>:  -«.rue  rt  thf  '-■pirhelial  Ctrl  Is  in  rhtir  ailvan-cin^r  pp  ^litV*  ra- 
ti-^n  penetrate  the  lymphatic  chann»:Is  an«l  art  '.arriel  in  the 
lymph-rtream  i**  the  n^trarest  lymphatic  gIan«L  whrre  th«:y  a^ain 
pP'lifrrar-  an-i  r'-rm  si•*>■n•lar^■  n«*iiues :  rp?ni  ::.•:<♦;  a  -iraihir 
extension  i^vurs.  antl  trvt^ntiially  wi.Uspread  metastasis  Prsults. 
Less  nvi^ii^-ntiy  the  primar%-  ijp^wth  {.>fn«etnite<  the  walls  "t  a  vein 
an^I  metastasis  irorurs  thp.'iixh  the  circulari«'n.  This  is  'juite  o>m- 
m^n  in  the  oase  "f  «*an».^r*  of  the  sti*maoh  i-r  :ntr-stia«rs.  The 
metastatic  vmyl  fir^t  sprta«l  thp.Hi^h  the  pi-rtal  cip -illation  t*-*  the 
liv.;r.  In  -till  other  instan^.'es  j*;ci.*n«lari-  gn.nvths  pfsiiit  fp^ra 
met?hiini' al  transp^.^rtativn  in  thr  ni»''vemeuts  oi  th«f  t^Jy:  thus 
in  eap^inomata  "f  the  aNl^minal  "rrans  the  {vri^taltic  m«ive- 
mt-nts  may  transi'-rr  particles  t*.*  tli  fit  rent  parts  »•*"  th^-  ai-^k'niinal 
cuvity. 

Patholo^c  Physiology. — The  c?iniral  hralrh  .  f  patir nt?  suffer- 
ing with  'ripini'ma  is  afftr'tt^l  v^ry  pP'i'HUniiy.  :h'V.i;;h  the  tu:in- 
n*T  in  whi-.h  this  ♦xviir?  rt^niiiin-  oi»5<'tiP:-.  It  w...-.:M  ?<^m  t»»  be 
«'f  th-  niit'ir^  of  a  :<'Ximia.  Emaoiitti'-ri  a:i«l  l-^ss  ■  ■ '  ?tP:-nirth  are 
habitual.  th-rJirh  •-■::«fii.  lyrliaps,  in  Lir-jv  par:  rht  r:si:l:  ••f  inter- 
f-p^n'-e  ^virii  •■r^'-j.ni..'  fuucti«'ii-.  a-r.  rVr  r  xaiLi'lv,  ::i  ..up^iu'^nia  y'^f 
tri-  *r«'niL':«  h.  Pp-j:Prs>ivv  anemia  :-:ay  make  i:^  :ipr*arance.  the 
p-*l  •■■r]i- :**"■'>  :-.1■«•nlin^:  k->s  abundan:  an«i  :;.-■  t,i:aut::y  ot  hemi>- 
;:i'  I ' i ri  r- 1 ! '. in:;  *  1  --•; i •  I-« i !y .  Tl ■  *  p:  is  •i^! la  1  ly  ii  r.;- ■•  1-.  nut  an lount  of 
l'-';kt-.y:..-i-.,  th-  lur^K-  ni-'n-'nu-'lvar  t'Tni>  ir-.-r-a^ir.;;  particularly. 
To'.v:inl  th-  ^n»l  *'X  lif-  tri-  ti-'r-'i'--b.-rr.;'  ::•  :i  in'-PLav.s  ::Piat!y, 
th'-jh  the  ►:X';p:«-n-  pp-»li:«.ts  --t*  -^i-.li  may  I'l--:  :  •.  ::•  rably  in- 
•  ■  rr-ii - -^  1  : n  r i ; '■'  r x ■  ■  p.- : i ■- n ■?  i n  •  ■« ■  ii -. * j iw n •  ■-.  •  ■ :"  ::i :  1 : ii :i  •• : p.. • : lat ion  ami 
inip-nV- 1  p-nal  fTin«t:"n.  At  thi-  -tairv  :hv  i-.vv.r/.iila::-  n  *A'  such 
pp-i'i'-r-  in  til-  ^I'-^l  may  I-:id  :••  -'I'l'i^n  «I'.a:h  rp'-:r.  ■  ^^nui  *see 
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AciJ-iiitoxiciiti*»n).     HoniorrlmgiA^  aiicl   ulcerations  may  also  con- 
tribute to  the  iiiipairnit'iit  uf  liralth  in  eases  of  cancer. 


Varieties  of  Carcinoma. 

Thfrp  are  srveml  forms  of  ram'i'r  sufliriently  different  to  re- 
quire sepiimte  (leseriptiun.  The  elassifiration  of  these  is  generally 
baset]  upon  the  eluiracter  and  arran.et'ment  of  the  epithelium.  We 
mav  distinguish  (1)  (*areiiionuita  ei^mposed  4if  snrfa<'e-epithehijm, 
either  (tt)  sfjnamous  or  (A)  eylindrieal,  and  (2)  jLrhnididar  canMncH 
mata,  Itaving  i4ther{^f)  mure  or  less  distinct  adeiionKitons  structure 
or  (b)  solid  phiirs  or  eolunuis  of  *'pithelial  cells,  or  (c)  a  mixture 
of  acini  and  soliil  columns. 

Epithelioma. 

This  form,  wljieli  consists  of  surface-epithelium,  is  of  two 
varieties,  tlir  s^juajoMus  and  the  cylindrical. 

Squamous  epithelioma  occurs  in  the  skin  or  mucous  mem- 
branes, wliert*  s<piiiun>iis  epithelium  exists  normally.  Among  the 
frequent  seats  are  tlie  lips,  the  esojiluifriis,  the  larynx,  and  tlie  cer- 


Fto.  71.— Squ&motja  cpiUieUotna,  showlnjy  wborls  of  t'piUiellal  v.eUs  with  centra]  ilegCQ- 
enitiofi  <frniii  a  photograpli  liy  J^r,  W,  M,  <jriiy), 

vix  Uteri,     Occasionally  squamous  epithelioma  arises  in  |)arts  nor- 
mally covered  hy  other  kinds   of  e[iithelium  ;  as,  for  exarjiple,  in 
tlie  fundus  of  the   uterus.      In  tliesc  instances  there  is  probably  a 
primary  metaplasia  of  the  epithelium  followed  by  carcinomatous 
•  Ifrowth.     Kven  in   eareinonnita  of  the  breast  some  of  the   acini 
nay    present    metaplasia    of    the    cells    to   the    squamous    type. 
k[uamous  epitlicliomata  present  themseh'es  as  inMlukir,  wart-like 
elevations  of  the  skin  or  inucrais  membrane*   tending  to   become 
Itllccnited  on  the  surfiice.     Those  of  the  nuieous  surfaces  are  more 
^elevate<l  and  sot\cr.     Histologically  there  arc  seen  Ijranching  col- 
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iioin.'^  o^  epitiioliul  oells  extcnJing  dou  award  irnm  tlu'  jKipillm  of 
tliL"  skin  into  tht-  derper  stnR'tin\?j^.  Tlie,se  cuiislst  uf  large  truus- 
lucent  .squamoirs  cf  lis  wliich  bIiow  a  tendenfy  to  arrangt^  tlieni- 
selves  in  certain  places  concentrically  to  form  epiihelial  /mv7*x 
The  latter  frequently  underjiri  a  lutrny  transfurniiition  and  sonir- 
times  even  calccrons  rlianc^e.  (Fig*  71 K  The  same  structures 
occasional  I y  occur  in  jiapillomatajuit  much  less  frequently.  Metas- 
tasis is  frcfpumtly  seen  in  the  ncighl)i*rintf  lymphatie  glands,  but 
the  malignaiH-y  is  less  marked  than  in  glandular  carcinon^ata. 

Some  authors  have  described  as  a  separate  form  skin  cancers 
(^om|M)se*l  of  cuboidal  or  polvniorphons  cells  resembling  those  of 
tlic  basid  layer  (Malpigliian  layer)  of  the  skin  and  their  cmtirynnal 
equivalents.  As  a  nuittcr  of  fact  all  chancel's  of  the  r^kiu  originate  i 
imm  these  ccllsj  and  the  special  variety  alluded  t<»  ditlers  from  the 
ortliiiary  type  only  in  the  fact  tiiat  the  cells  du  not  become  trans- 
formed, as  hi  the  normal  gn»wth  of  skin  and  in  ^u^dinary  e])ithelio- 
niata  into  squamous  cells.  8uch  ibrms  originate  from  the  hair 
tbllieles,  sweut-glamls  antl  sebaceous  glands,  as  well  as  from  the 
basal  layer  of  the  epiderni* 


^•6.  72.— Cylinilric&l  epUheilomji  of  the  lubeRtlae  (Ferlfl^ 


Cylindrical  Epithelioma,— Tins  form  is  composed  of  co- 
lumnar or  cylindrical  epithelium.     It  is  frequent  in  the  mucous 
membranes,  especially  in  the  gastro-intestinal  tract  and  the  uterus. 
The  epithelial   cells  of  the  tubular   glands  or  sometimes  tboddi 
of  the  surfaces   form   the  start ing-jwint   of  the   growth*      More' 
or   less  acu3Lu»-like   tubular  structures,  conijio^iied  of  a  layer  of 
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epithelial  cells,  or  more  frcquently  of  a  number  of  layers  of  epi- 
thelia,  the  outer  layer  being  ufteii  distinetly  uolntiiuur,  eunstitiite  the 
e ba me terijstie  feature  of  the  tumor  (Fijj:.  72).  fu  th«^  luU'r  stuges 
tlie  acini  beeome  fiOed  with  prHliferaUMl  u^nthelial  eel  Is  f»f  various 
sliapes  autl  tlie  eylimirieal  or  tubular  eliaraeter  of  the  ueini  is  hrst, 
C'areinoinata  of  iUv  kidney,  liver,  aud  mammary  gland,  though  nut 
originating  i'rom  surtaee-epithtdium,  strietly  speaking,  mny  br  of 
the  cylintlricai  form,  (  ylindrical  epithehi»mata  more  ni-arly  re- 
semble tilt*  glanduhir  careinoiuata  iu  their  malignaney  ajid  general 
behavior  thau  tvc^uamyus  variety. 

Glandular  Carcinoma. 

This  term  includes  the  caret noniata  that  have  a  resemblaDce 
to  raeemnHe  glands  in  their  histologic  j^trueture.  They  consist 
of  aeini  or  alve*jli  4"ontiiining  epithelial  cellrr,  usually  in  several 
layers  or  completely  filling  the  lumen,  and  a  stnjnia  of  eonneetive 
tissue.  Some  authors  ilistingiiisli  three  forms :  the  fihttplr,  the 
medaUary^  and  the  schrhunti.     These  are  sinjply  variations  of  tlie 
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Fio»  7S.— Medullary  ciircinomn  of  breast 

[le  tumor.  In  the  simple  form  there  is  a  comlunation  of  epi- 
thelium and  stroma  in  about  the  proportion  seen  in  normal  glands. 
The  tumor  Is  tlierefore  neither  strikingly  hard  n«u"  soft.  In  the 
ine<hillary  or  soft  carcinoma  the  amount  of  epithelium  is  excessive 
and  tlic  tumor  lias  a  soft  cliarai'tcr  (Fig.  7rJ) ;  while  the  scirrhous, 
or  hard,  cancer  is  an  indurated  form,  due  to  excess  of  fibrous  tissue 
and  deficiency  of  the  epithelium  (Fig*  74), 

The  glandular  cancers  are  mure  or  less  no<lidar  or  infiltrating 
growths  varying  in  consistency  in  different  cases,  but  having  on 
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section  a  glistenini^  white  ct>lor  with  a  certain  amount  of  translu- 
ceiiey.  Milky  li(|ii!d  exudes  from  the  snrface  on  section.  This 
is  composed  ni  aibmninoiis  floid  containing  degi*nerated  epithe- 
lium and  iree  oil-dn ►plots.  Among  the  seats  in  which  these  ibrms 
(lorur  the  mu^i  im|x»rtant  are  the  pylorns  anfl  other  mucx>iis  snr- 
luces,  the  mammary  glan<l,  the  jmiirrea>»  kidneys,  ovaries,  and 
testieh'S-  WidcT^pread  metastasis  and  other  featurt^s  of  malignancy 
arc  noted.     In  the  case  of  the  scirrhons  form  the  primary  tumor 


f'jf,  7<  — s*cirrti*mB  caneer  of  bremtt  ( Warren). 


may  be  Btrikingty  email  in  comparison  with  the  amount  of  meta- 
i<tatic  deposit* 

Colloid  Cancer. 

This  term  h  iiMiially  a  rniM)r»mer,  as  most  of  the  coHoid  cancers 
contain  tvt  colloid  mati^rinl.  Th*-  mime  gelailnon^  would  be  more 
appropriate,  bat  liax  not  \ti*i*n  generally  aeeeptetl.  Colloid  canoere 
are  met  with  in  the  t^ti^mafh  and  inttstinal  tract,  in  the  mammaiy 
ghuiil,  and  in  the  ovari<*«,  Thf  tnnjor  lias  a  peculiar  tnmspjirent* 
i^list^^ning  apiKaran**^.  The  entin*  mass  maybe  uniformly  jelly- 
like, or  ordy  jiortionH  of  it  are  alfected.  Microscopittilly  macoiis 
degonenition  of  lb**  c/itinrvHive  tissue  as  w^ell  as  of  the  epithelial 
cells  Ik  di«ov«*r*^l  <  Kit*  Ih),  In  wnne  eases  no  trace  of  c^rcinom- 
atouH  tiy  vembb*,  thi*  whole  tumor  having  undcs*- 

goni*  Aix  urn*-?*  tin*  proriss  involves  the  epithelitaa 

mtliir  than  \iw  eiiwiM-<'t*  vi'  timme.    ( 'olloid  cancers  frequently  spread 
by  direct  ejctenhion,  aiAil  ibe  HJtire  alidominal  cavitv  raav  wxtA 
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filled  with  ^olatiTioiis  material  representing  de;^enerated  secondary 
growtlis.     Oecasionatly  the  s;*nie  kind  of  peritonesd  growths  seem 


L  7o.--" Collwid  cancer"  of  tht?  breiUit,sTu>wlnK  tnyxoninlrtua  ilmuigf  in  thir  scromft&Dd 
filtty  degeueratJott  und  i^urtiul  dLsappvArancu  uf  the  epithelitirt'eU^  (Perls). 

to  originate  primarily  in  the  peritomiim,  springing  from  fetal  rem- 
nants of  epitlielial  tisstie  {Fig.  TH). 


Fig.  TB,— Colloid  carmur  of  the  peritoneum  uuodined  from  liirch-llinichfeld). 

Tnte  eoliohl  en n err' — that  i.s,  eareinoma  with  ^'olloid  degenora- 
tirm  of  the  epitlielinm  —  h  sonietiine.s  seen,  tliongh  it  is  very  nxre. 
It  rR'casionally  eanses  a  i^ross  iip|iea ranee  r»'semh!ing  that  uf  sar- 
comatous cylindroma,  and  the  term  rarriimmalom  cylindroma  has 
been  applicxl. 
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SYNCYTIOMA  MALIQNUM. 


This  term  is  applied  to  a  form  of  tumor  originating  at  the 
placental  site  during  pregnancy  or  the  puerperium.  It  has  also 
been    called    deciduoma    malignum,   -sarcoma    deciduocellulare, 


m'vii 


^-iMiM 


Fio.  77.— a.  Fibrin,  with  numerous  small  round  cells  caught  in  the  meshes :  6,  cella 
resembling  decidual  cells,  probably  a  proliferation  of  the  Langhan's  cells;  d,  protoplasmic 
masses  containing  large  f^ee  nuclei. 

destructive  epithelial  tumor  of  the  placental  site,  and  chorion- 
epithelioma. 

The  tumor  occurs  as  a  hemorrhagic  infiltrating  growth,  some- 
what resembling  placentiil  tissue  in  gross  appearance,  and  fre- 
quently causes  metastasis  by  breaking  into  the  blood-vessels.  The 
metastatic  nodules  are  found  in  the  external  genitalia,  frequently 
in  the  lungs,  less  often  iu  the  liver,  spleen,  or  other  organs.  The 
growth  is  rapid,  the  uterine  wall  being  quickly  invaded  and  met- 
astasis occurring  iu  a  short  time. 

The  nature  of  this  tumor  is  still  the  subject  of  some  contro- 
versy. Two  types  of  cellular  elements  are  recognized  in  its  struc- 
ture. One  of  these  consists  of  irR'gular  masses  of  protoplasm 
containing  dark  nuclei  (syncytial  tissue).  The  nuclei  probably 
multiply  by  direct  division.  These  protoplasmic  masses  are 
arranged  in  islands  or  in  branching  columns  which  form  a  network. 
In  the  meshes  of  this  network  are  l)lood-spaeescontiiining  thrombi 
or  masses  of  l)l()od-corpuseles.  Sometimes  masses  like  those  above 
(le.seribed  are  found  within  the  blood-spaces.  The  second  form  of 
cells  consists  of  smaller  irregular-shaped  elements,  which  are 
unusually  rich  in  glycogen,  and  in  which  cell-division  by  karyo- 
kinesis  is  observed.     These  cells  lie  in  masses,  of  greater  or  less 
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81  ge,  between  and  beside  the  larp^er  prntoplasraic  areas  before 
describcH^I,  In  the  later  stiigt^s  of  the  ^^rowtfi  obtiterative  throm- 
bosis of  the  vessels  leads  to  nerrosis  of  the  e*'lliil:ir  eon.stituents, 
partieularly  of  the  coliirims  <^f  lar^c  epithelium-likr  etOLs.  These 
are  eunverted  into  hoinuguneons  librinous  masses,  and  even  the 
thronihi  theniBelves  may  degenenite.  The  view  of  Marehanrl 
reganlin|!;  the  nature  of  these  tumors  is  most  wiilely  aeceptcd.  He 
holds  that  tlie  lartr^'r  eellsarederivativt^s  of  thi' syneytium  (astriK*- 
ture  rompjse^l  of  epithelial  eells,  prolmhly  of  ft-tal  oritrin),  while 
the  smaller  ei-lls  are  formed  from  the  epithelial  eoverrng  of  the 
chorion  villi  (Lan^hans's  eells),  Thetniiior,  therefore,  is  epithelial 
in  nature,  and  it  lian  malignant  jin>perties.  It  ditflrs,  however, 
from  ordinary  epithelioma  and  from  earcinon^i  in  its  peculiar 
structure  antl  in  its  eliniad  course  and  disseminati<iiL 


CYSTS. 

Defimtion.^This  term  inelurles  pathologic  formations  of 
varit^I  eharaeten  Some  are  true  tumors;  others  are  of  quite  dif- 
ferent nature. 

The  term  cyst  is  applied  to  patliologir^  formations  consisting  of 
a  more  or  less  well-defined  wall  and  en<dosing  liipiid  or  semiliquid 
contents  of  different  character  from  the  surromiding  parts.  This 
definition  is  not  entirely  appliet4bh\  as  certain  structures  that  do 
not  present  a  definite  capsule  are  stmietimes  termed  cysts.  Ac- 
cortlingly  we  may  itistinguish  between  (nw  rifsta  ami  eyst-like 
formations  or  cifi^toklK^  the  former  being  enclosed  by  a  capsule 
lined  with  epitlielium  or  end<>thclium  ;  the  latter  merely  present- 
ing a  eircuniseribcd  eullection  of  softened  materiab 

Classification,— A eeonliiig  U>  the  methtHl  of  formation,  wc 
distinguish  rrtention^eysts,  scdtciiiitgHTsts,  eysls  due  to  the  pres- 
ence of  foreign  Iwdies,  and  prf>lifenition-cysts. 

Betentioii- cysts  are  fnrmed  when  the  exeretory  ducts  of  a  gland 
become  occluded  and  the  secretions  aci!Umulat(*  and  cause  disten- 
tion <>f  the  acini  or  t»f  |>arts  (d*  tlie  duct*  Among  such  cysts  may 
be  nanuHl  the  distended  sebaceous  glamis  of  tlie  skin  in  the  ibrma- 
tions  cjdled  ircfia ;  the  cysts  of  the  sidivary  or  small  mucous 
glands  or  ducts  under  the  tonguCj  called /vf/i re/a?;  retention-cysts 
formed  In  the  uriniferous  tubules,  tlie  tul>iite8  of  the  ovary,  or  in 
the  parovarium,  in  the  acini  and  tlu<'ts  of  the  mamiuie,  pauen^as, 
and  other  glands.  An  entire  organ  may  bet'ome  converted  into  a 
cyst,  as  in  ciiscs  of  ilistcution  of  the  kidney  (hydi'oneplirosis)  from 
obstnictton  of  the  ureter. 

Tliese  cysts  an*  distinguished  by  the  fact  that  they  have  a  dis- 
tinct connective-tissue  wall  lined  with  epithelium  or  endothelium. 
The  c>ontent8  of  the  cyst  depend  upon  the  part  in  which  the  Ibrma- 
tion  has  taken  plac<^* 
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Softening-cysts  occur  in  consequence  of  degenerative  softening 
of  normal  or  pathologic  tissues.  They  are  not  rarely  the  result 
of  hemorrhage,  the  blood-clot  first  becoming  inspissated  and  then 
serous  exudation  occurring  in  the  area  of  hemorrhage.  Softening- 
cysts  are  very  common  in  tumors  of  difierent  kinds. 

Cysts  due  to  foreign  bodies  are  in  part  softening-cysts.  The 
tissues  in  the  immediate  vicinity  may  be  injured  and  undeigo 
necrotic  soft;ening,  while  connective-tissue  reaction  produces  a 
capsule.  This  form  of  cyst  is  most  frequently  the  result  of  in- 
vasion of  parasites,  and  the  cyst-contents  may  be  composed  of 
the  parasite  or  the  parasite  and  tissue-elements  more  or  less 
degenerated. 

Proliferation-cysts. — This  term  is  applied  to  formations  more 
closely  analogous  to  true  tumors  than  those  mentioned  before. 
They  merit  more  extended  description  than  the  other  forms  of 
cysts,  and  may  be  designated  as  epithelial  cysts. 


Epithelial  Cysts. 

Definition. — In  certain  glandular  organs,  notably  the  ovary 
and  mammary  gland,  cystic  formations  occur  which  present  strik- 
ing appearances ;  and  thougli  perhaps  they  represent  adenomatous 
or  carcinomatous  new  growths,  are  so  striking  as  to  deserve  special 
mention. 


Fig.  78.— Papilliferous  adenocystoma  of  the  kidney  (Karg  and  Schmorl). 


Btiology. — These  growths,  in  part  at  least,  result  from  ob- 
struction of  excretory  duct«  and  subsequent  irritation  by  retained 
secretions.  Congenital  abnormalities  of  structure  may  possibly 
play  a  part  in  their  causation. 

Appearance. — Cvstomata   may   be   single   or   multiple,  the 


PROGRESSIVE  TISSUE  CHANGES. 


209 


entire  tiiraor  bi'inj>f  fompo&cMl  i^ither  of  a  gintrlf  ev\«it  orof  one  larjj^e 
cyst  subdivided  into  many  ^smaller,  or  again  of  numerons  .separate 
and  uiiconnectol  cysts  uf  varying  sizo.  On  section  the  cystic 
cavities  are  found  to  contain  more  or  Icsrt  seroui?  or  .gelatinous 
liquid  J  and  t^ometinu'S  lieniorrhagic  fluid  is  observed.  Most  fre- 
quently the  liquid  is  tr<iIatinous  or  ro]iy,  and  is  comiuonly  sjjuken 
of  as  colloid  material.  Tlie  inner  lining  of  the  cyst  may  be 
smooth,  like  a  siTous  or  mucous  Burface,  or  elevatetl  irregularly  in 
the  form  of  polypoid  out^^rowths  into  the  cavity  of  the  cyst.  The 
entire  cyst  may  thus  l)e  tilled  with  papillomatmis  elevations  from 
the  epithelial  lijiing.  The  term  papifitftrouH  or  proiifn'tttirf  17/x/- 
omata  h  given  to  these  forms  (Fig.  7H).  The  tiize  of  cystomata 
varies  from  minute  tumors  not  larger  than  a  pea  to  enormous 
masses  weigliint^  as  much  as  sixty  or  eighty  [jounrls.  Si'condarv 
degenerations  may  m'eur  in  the  form  of  softening,  liemorrhage^  or 
caleifieatioB. 

Seats,— The  manmiary  glan<l  and  ovary  are  the  principal 
Bituations  in  which  tumors  of  this  deserijvtiou  are  met  with,  but 
analogous  growths  may  make  tJieir  aiqiearanee  in  any  of  the 
glandular  organs. 

Structure* — M!en>sco|)ieally  these  grciwths  present  cystic 
eavities  line<l  with  typical  or  mrKlitied  c  ulumnar  epithclinm  and  a 
stroma  or  ivticulum  of  eonueetive  tjssiu'.  The  auiotmt  of  the 
latter  and  the  ap[>earauce  of  the  cysts  themselves  vary  in  ditlcrcnt 
cases.  At  ti tues  tlie  stroma  is  very  aliuutlant  tunl  takes  tlie  tbrui 
of  weU-«>rgauized  fibrous  tissue,  while  the  cysts  and  acini  are  small 
and  few  in  muiiber,  In  these  causes  the  apjx^a ranee  snggests  a 
primary  prolitemtive  connective-tissue  j>ro(*ess  with  secomlary 
implication  of  the  epitlieliul  elements.  Sueli  eases  (x^'ur  particu- 
larly in  the  mammary  gland,  and  there  is  difficulty  in  seiiarating 
them  sharply  Trt^m  instances  ot"  chronic  inter^jtitial  mastitis  or  dii- 
fnse  fibroma.  In  other  instances  the  process  numifestly  begins 
with  the  formation  of  epitlielial  acini,  and  the  hyperpla.sia  of 
the  connective  tissue  is  certiiirdy  secondary.  The  acini  in  these 
cases  present  themselves  as  holh>w  spaces  of  varying  sliajie  and 
size,  often  branching,  and  lined  witii  columnar  epithelium  in  a 
single  layer  or  sometimes  with  several  layers  of  more  4)r  less  dif- 
ferent i  a  t  eel  cf )  1  u  uma  r  epithelium. 

Nature. ^ — These  cystic  growths  often  have  a  decided  tendency 
to  malignancy.  They  may  remain  benign  thmugliout ;  l>ut  fre- 
quently they  undergo  carcinomatous  change  and  spread  widely  or 
give  rise  to  metastasis.  The  malignancy  is  generally  in  prop*»r- 
tion  to  the  amount  of  the  epithelial  proiiferati«m  and  f>apilliferous 
change,  but  there  are  instances  in  wliieh  metastasis  occurs  fn>m 
adenrK'VStomata  having  regular  gland*acini  lined  with  single  layers 
of  typical  columnar  cells.  The  cystonmta  <*f  the  ovary  not  rarely 
extend  to  the  surface  of  tlie  organ,  l)reak  through  the  capsule,  and 
u 
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present  upon  the  surface  as  papillary  growths,  and  frequently 
they  extend  to  the  peritoneum  and  neighboring  structures.  The 
entire  alxlomen  may  be  involved.  At  the  same  time,  or  in  other 
cases  independent  of  such  direct  extension,  metastatic  deposits 
may  l>e  seen  in  nearby  lymphatic  glands.  Somewhat  the  same 
conditions  may  be  observed  in  cystoma  of  the  breast,  but  in  this 
situation  the  tumor  is  much  more  frequently  confined  within  the 
capsule  of  the  organ. 

TERATOMA. 

Definition. — The  term  teratoma  is  applie<l  to  tumors  of  pecu- 
liar mixcil  character,  representing  different  elements  of  complex 
tissues  or  structures  in  a  situation  in  which  these  do  not  normally 
occur.  For  example,  the  most  frequent  form  of  teratoma  contains 
various  epidermal  structures,  such  as  hair,  teeth,  etc.,  and  occurs 
in  internal  organs. 

Btiology. — The  causation  of  teratoid  tumors  or  teratomata  is 
to  Ix^  s^ju^ht  in  congenital  misdevelopments.  We  may,  with  Klebs, 
distinguish  enflogenouH  forms,  in  which  inclusions  of  superficial 
tissues  are  retained  in  internal  |)arts  by  a  pnx'css  of  constriction  ; 
and  fHf^/enouM  forms,  in  which  a  separate  fetal  de[)osition  is  the 
origin  of  the  tumor.  The  latter  form  represents  a  separate  and 
ill-develoj>eil  fetus  within  the  develojKKl  or^iusm—SL fcetus  in foetn, 
A  regular  gradation  may  be  traced  fn)m  distinct  teratoid  tumors 
having  irregular  mingling  of  tissue-elements,  to  malformations  in 
whirli  a  more  or  l(»ss  systematic  outgrowth,  somewhat  approaching 
double  monstrosities,  (K'curs.  Of  the  distinct  teratoid  tumors  the 
most  fn»quent  is  the  dermoid  cyst. 

Dermoid  Cyst. 

This  tumor  |)res<Mits  itself  as  a  cystic  formation  with  a  con- 
ne<*tive-tissue  membrane  and  an  inner  lining  resembling  the  skin. 
This  may  present  all  the  elements  of  the  skin,  such  as  stratified 
epidermic,  a  jxipillarv  layer,  and  even  subcutaneous  connective 
tissue.  Hair-follicles  and  sebaceous  glands  are  frequent,  and 
habitually  long,  light-colored  hairs  are  found  within  the  contents, 
and  tietli  may  be  found  in  the  lining  membrane  or  free  in  the 
content-  of  tl/e  cyst.  The  cyst  is  filled  with  a  semifluid,  cheesy 
mass  consisting  of  epithelial  cells,  fiitty  matter,  and  other  detritus. 
()ccasi«»nally  dermoid  cysts  may  contain  nerve-tissue,  muscle, 
thyroiil  ii>-iu',  (►r  structures  resembling  intestine. 

The  dermoid  cysts  vary  in  size  from  minute  bodies  no  larger 
than  a  jK-a  to  huge  masses,  the  latter  being  most  frequent  in  the 
ovaries.  Amrmg  the  situations  in  which  dermoids  occur  the 
ovaries  are  most  common  ;  less  frequently  they  are  found  in  the 
testicles,  in  the  peritoneum,  in  the  membranes  of  the  brain,  about 
the  eye,  in  the  neck,  fi(K)r  of  the  mouth,  and  elsewhere.  Growth 
i«  very  slow,  and  they  may  remain  practically  latent  through  life. 


PROGRESSIVE  TISSVE-CBAXGES. 


211 


Theniitiiro  of  iIk^s**  tiirnors  i,s  tisiially  benign,  though  carcmom- 
atoiiR  change  may  occur,  anfl  in  thi*  (* varies  cystoma  is  prone  to 
.  be  asfiociate<l,  and  the  latter  may  hi-  malignant. 

Other  Teratoid  Tumors. 

NofUihir  nmsseja  may  apjitiir  ahont  tlie  head  or  neck  or  in  vari- 
ous parts  of  the  body,  consisting  of  mingleil  tissues  of  various 
kinds,  such  as  glandular  tissues,  eonnit'tive  tissues^  nerve»  mus- 
cle, etc.  These  can  he  i-lnsr^iticd  ns  tenitoid  growths.  Sometimes 
they  resemble  some  definite  organ,  as  in  t!ic  ease  of  growths 
appearing  at  th<'  umbiliejis  nf  tlie  new-born  and  simuhiting  the 
structure  i»f  normal  intestine. 

In  the  neek  there  are  Hinietimes  seen  more  or  less  cystic 
grf>wths  lined  witli  epithelinm  aud  having  in  their  walls  miisele- 
fibers,  lymplmid  tissue,  cartilage,  etc.  These  growtlis  probably 
sjiring  from  remnants  of  the  endjrvonal  branchial  clefts,  7^he 
mixed  tumors  of  tlic  piirotid  gland  (see  Sarcoma)  are  allied  to  these. 


Plfi.  79. — rtioleBtoatoinii  rrom  thf  ni«iiibranfB  of  tlir  hmin. 

Cholesteatoma. — Thi.s  tumor  ischamcterized  by  glistening,  whit- 
ish, »»r  jjearly  luwbcs  eompt»sed  of  concentric  layers  of  cells  resem- 
bling epithelium  (Fig.  7JI).  Sometimes  crystals  <>f  eholestcrin  are 
fountl  in  the  cent<'r  nf  these  bodii  s,  whence  the  name  choleS' 
t^atoma.  (Iiolcstcatomata  aiv  f*iuji*l  in  the  membranis  or  sub- 
stance of  the  brain,  and  present  tiii^msclves  as  single  or  nmltiple 
nodulcg.  They  arc  usually  soft  and  glist*'uiiig  in  appearanee, 
8om«'  authors  consider  them  end*itheliimmta,  but  Ziegler  hag 
fomid  bair-folliehs  arul  luiirs  in  certain  speeinitns,  and  from  this, 
as  well  as  iroio  tlic  horny  change  to  winch  t!ic  cells  in  the  pearly 
hodies  are  prone,  classifies  them  among  the  teratcpid  growtlis. 
Thev  probably  originate  in  ectodermal  fetal  inclusions  or  rests. 

Somcwhat'similar  tinnors  ocenr  in  the  pelvis  of  the  kidneys^  in 
the  testicles,  parotid  glands,  ovaries,  and  noddle  or  extcrnnl  car. 
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CHAPTER  VII. 

BACTERIA   AND  DISEASES  DUE  TO  BACTERIA. 

History. — Although  for  many  centuries  there  had  existed  the 
idea  that  disease  and  decay  are  due  to  the  action  of  minute  or- 
ganisms, it  was  not  until  the  use  of  the  lens  enabled  the  Dutch 
naturalist  Leeuwenhoeck  actually  to  demonstrate  their  presence  in 
water  and  in  human  intestinal  contents  that  the  h>7)othe3is  of  a 
"  contagium  vivum "  l>ecame  more  than  mere  guesswork.  He 
discovered,  even  with  his  imperfect  instruments,  short  rods,  curved 
and  straight,  and  describe<l  their  motility.  Muller  (1785),  by  the 
use  of  the  compound  microscope,  attempted  a  more  systematic 
classification  of  these  micro-organisms,  and  from  that  time  many 
investigators  liave  added  much  to  our  knowledge  of  microbes, 
that  gniup  of  organisms  which  had  been  denominated  by  Linmeus 
by  the  term  Chaos.  To  the  German  Henle  is  due  the  credit  of 
having  first  intnxluced  an  idea  of  order  into  this  disorder.  He 
held  that  fermentation  was  the  result  of  organic  life,  and  that  the 
action  of  a  contagium  was  analogous  to  that  of  a  ferment.  The 
earliest  systematic  <'xp(*ri mental  work  was  that  of  Pasteur,  in 
which  Ik*  <.stablishe<l  beyond  doubt  this  relation  between  fermenta- 
tion and  the  life  and  development  of  bacteria.  The  first  definite 
idf-as  of  th(?  physiol(»gj'  of  these  micro-organisms  are  found  in  his 
experimfiit.s  on  lactic-acid  fermentation,  and  the  j>athogenesis  of 
niirrfwirgaiiisms  was  established  by  his  demonstration  of  the 
etiology  of  the  silkworm-<lis<'ase  (1869).  Davaine  and  Rayer 
fiU)fit  the  s'lrn^  time  Chtablished  the  causal  relation  of  a  bacillus 
foTind  in  \\\f-  \)\<y*A  of  a  sheep  dead  of  anthrax  to  that  disease. 

CLASSIFICATION. 

V^ri/n^  ^iichizr)niy(*etes,  or  cleft  fungi)  is  the  name  given  to  a 
bfar>/  r»  '»(  i\if'  hiwe-it  and  simplest  of  the  orders  of  the  v^:etable 
kluy'\',(ft,  'Jb'-y  are  small,  unicellular  organisms,  generally  free 
'/j  '  r»,^r.pri/II,  find  colorless;  they  possess  a  cell-membrane  albu- 
j/»i ;*'/.']  Hi  rounffr^.U\(tu  and  homogeneous  protoplasmic  cell-contents. 
^fift*  •.;;ri''t.<-^  art-  iiiotih*.  Nu<;l(?i  are  absent,  though  in  the  opin- 
ion hi  ^fth*  »h«r  whole  IkkIv  mav  be  regarded  as  a  nucleus.  Bac- 
t/'ria  iii'.i^\y\y  \r/  c<'ll-<livisioii,  s(?xual  distinctions  being  absent 
In  tuiiW;  j-j/<'  i'-s-.  n-i-i-tant  i'ornis — six)res — occur. 

'1'1j<'  »rJiijj/J'  iUuit'uUwy  forms  that  (xjcur  are  of  three  kinds: 
the  ^AM-rMt^j  \iit    l/;i/'illiir,  ;in(l  the  spirillum  (Fig.  80). 

Coccui^,  Thi.^.  in.  a  Hplxrical  cell,  varying  in  size  up  to  1  /u  in 
diariM'tt^r.  li  lafe**',  iIm*  anilin-stains  readily.  Spore-formation 
and  uu^iWiy  aiv  mr*-.     When  tho  cocci  are  found  in  groups,  the 
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mclivuluals  Ijeing  eiitirely  separate,  they  are  termed  staph ylot^cci, 
frnm  the  n^semlilance  of  tlie  groups  to  a  hunch  of  gnipes  ;  wlien 
'  in  pairs,  diplm-ooci  ;  wlieo  in  eliains,  strcptocoeci  ;  when  in  groups 
of  four,  tetnidj^,  ut  memraopedia  ;  when  in  packets,  sarcina?. 


ml   U     3^ 


Fna,  80.— ViMifrtM  formi  of  bnfftcHa :  1  diif!  2.  rnrnid  anil  oval  microi-cwa :  %  <ltp!r>cf>pci ; 
\  4,  totmeoLci,  or  tHmrls;  '».  i*trf  ptoru^^ci ;  6.  tutcIUi ;  7,  bacilli  in  vbaitia,  the  lowtr  showing^ 
l#|K»n^-formatkm:  »,  bacilli  ahuwiriB  sporeii,  forming  dry niatickB  and  clostndiii;  «  and  10, 
fipinlla;  H,  BfijrueheUe. 

BacilluSp— A  n id-shaped,  eylinilriral  eell  of  varying  length 
and  tliiekneRs.  Spore-formation  ami  motility  are  eonimon*  Most 
of  the  group  stain  easily  with  the  aiiiliii  tlyes,  hut  some  require 
special  metliods  of  staining, 

Spirillmil. — X  eylimlrieal,  rwUshaped  cell,  curved  or  spiral, 
sometimes  motile.     It  stiiins  readily. 

Many  other  classifications,  all  of  them  being  to  a  certain  extent  arti* 
ficial,  have  been  made  by  different  aatlion*.     Probably  one  of  the  most 
ifal  and  actentifie  in  tliat  of  Migula: 

L  CoQcaceffi* — Spherical  cells  dividing  in  one,  two,  or  thre^  directionB. 
Endosporet*  rare. 
L  Sirepi4>coccm.—\MvMciu  in  one  direction,  the  individuals  cohering 
to  form  chain?*.     Motility  absent. 

2.  Mierococcus, — Division    in    two  directioiia,    the   individuals    whea 

coherent  forming  groujiM  of  four.     F lamella  absent. 

3.  Sarcina, — Division   in   tliree  directions,  fonning   packets  of  eight, 

twenty -aeven,  or  more  cells.     Motility  abisent 

4.  PfanoefHjcitii, — Division   in   two  directions,  as   in   the   micrococcas. 

Motility  present, 

5.  Pfanosarcina. — As  the  sarcina.     Motility  present, 

II*  BacteriacesB,— Rod-like,  cylindrical  cellB,  dividing  at  right  angles  to 
the  long  axis. 

1.  Baderium, — Cells  without  tlagella^  often  with  spore«. 

2.  BaciUm.—Celh  with  peritrichous  fla^ella,  often  with  spores. 

3.  /V^wffo'W«>«aJ^.— <]Iells  with  pobir  H age  11  a;  spores  rare, 

HI.  SpirillaceaB.^Cells  eyliiulrical,  curved,  bent,  or  spiral.     Division  as 
in  IL 
i.  SiHrftmm/t.*'—C^]h  ripd,  without  flaj::ella, 

2,  MietOJtpirtL — Cell**  rigid,  with  one,  rarely  two  or  three,  polar  tJagella, 

3,  ♦Wn7/«/«,— Cells  rig^id,  with  five  to  twenty  polar  Jhigella, 

4,  Spirochcta.—CGlh    tlexible,   motile,   but  without  liagella:   perhaps 

possessing  an  undulating  membrane. 
IV.  ChlamydohacteriaceEB. — Cell?*  united   in   a  simple  unbranched  fila- 
ment,    Divitiion  in  one  direction.     Forms  non-motile;  conidia. 

1,  Stre/jfothrijr, — Cells     united     in    a    simple     unbranched     filament. 

Division  in  one  direction,     P'orms  non-motile;  conidia. 

2,  C/adothrix. — Cells  uniti^l  in  a  filament,  with  a  false  branehing. 

3,  Crenothrix. — Cells  united  in  an  unbranched  filamentj  and  dividing 
in  three  directions  into  small  rounded  cells. 
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4.  Phragmodwthriz. — Cells  at  first  united   in  an   unbranched  filament, 

and  dividing  in  three  directions.     Later  the  separate  cells  break 
through  the  thin  membrane  and  grow  out  as  branches. 

5.  Thiofhrix. — Cells  united  in  an  unbranched  filament  contained  in  a 

thin  membrane.     Division  in  one  direction.     Cells  contain  gran- 
ules of  sulphur. 

V.  Beggiatoacese. — Cells  united  in  a  filament  without  sheath.    Motile,  the 
movement  being  due  to  an  undulating  membrane. 


MORPHOLOGY. 

Cell-contents. — The  body  of  the  organism  in  unstained  con- 
ditions ap]>ears  as  a  perfe<.'tly  homogeneous  protoplasmic  mass.  On 
staining  with  anil  in  dyes  a  granular  appearance  is  often  observed, 
which  under  high  powers  is  resolved  into  a  hyaline  mass  contain- 
ing numerous  chromophilic  granules.  Vacuolations  also  are  often 
present.  Some  modem  observers  (Butschli  et  al.)  have  made  out  a 
network  immediately  within  the  membrane  and  surrounding  a 
central  body  which  readily  stains  with  the  nuclear  dyes.  This 
latter  they  regard  as  a  nucleus.  Others,  however,  affirm  that  this 
ai)ix?a rauce  is  due  to  a  concentration  of  the  cell-protoplasm  (endo- 
piasiu),  the  result  of  the  rather  complicated  method  of  staining. 
The  question  of  the  i)resence  or  absence  of  a  nucleus  is  still  an 
o|)en  one.  In  many  organisms,  as  the  Bacillus  diphtherise  from  a 
blood-serum  culture,  for  example,  there  exist  certain  transparent 
refractive  bodies  which  stain  differently  from  the  rest  of  the 
microbe.  These  metachromatic  lx)dies,  as  they  are  called,  are 
regarded  by  Ernst  as  nuclear  in  character.  Others  look  upon 
them  as  possibly  the  primary  stiige  of  spore-formation. 

Spore. — The  sjiore  is  a  non-vegetative  resistant  form  that  the 
microbe  assumes  when  the  conditions  for  growth  are  unfavorable. 
The  endoplasm  seems  to  concentrate  and  bec<mie  a  small,  oval, 
highly  refrac'tive  body,  separat(*d  from  the  bacterial  protoplasm  by 
a  membrane  of  its  own.  It  is  generally  of  the  same  diameter  or 
somewhat  smaller  tlian  the  l>acillus  itself,  and  is  situated  either  in 
the  middle  (equatorial)  or  at  the  end  of  the  microbe  (])olar  sporej. 
It  may  be  larger  in  diameter  than  the  microbe  and  cause  a  swell- 
ing at  that  ])oint.  When  in  the  center  of  the  ro<l  this  gives  rise 
to  the  \\)V\\\  known  as  Clostridium  ;  when  polar,  to  the  so-called 
drumstiek-lbrm  (as  in  the  Bacillus  tctani). 

Such  intracellular  spores  <u*  endospores  occur  among  many 
bacilli.  Among  the  micrococci  they  ar<'  rare;  but  it  is  supposed 
that  certain  individual  c(K*ci  l)ccome  larger  and  more  refractive  in 
appearance  and  assume  the  spore-state.  These*  are  called  artliro- 
ffponx.  Whether  these  can  l)e  regarded  as  true  spores  is  still 
doubtful. 

The  spore  is  extremely  resistant  to  conditions  to  which  the 
vegetative  form  readily  succumbs  ;  to  the  action  of  certain  chemi- 
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cTil  n^ageiits,  liglitj  licat^  etc.  Bacteria  that  are  grown  on  media 
fMKJT  in  nutrient  material  teml  to  become  asporo^enotis,  A  rertatn 
tempemtnre  is  also  iieeessarv  for  spore^formation.  Thus,  alth*ni|>:h 
tlie  authrax  Imciihis  develops  well  at  a  temperature  of  14*^'  C\ 
(r)7°  F.),  it  dtK'i^  not  form  s|)f»n^s  lu'low  18^  V.  (IH^  R).  To  obli- 
gate aerobes  oxygen  is  ne*'essnrv  fur  their  ilevelopoient,  and  anat3- 
robic  eidtnres  present  them  only  in  the  absence  of  tliat  gas. 
Placed  under  eoixditions  faviiralde  to  its  vegetation  the  i^porci  loses 
its  elij^rness,  al>sorl»s  water,  and  swells.  A  small  ]>rominenre  pre- 
sents at  the  side  or  end,  whifli  irnuliinlly  lengthens  and  develops 
into  a  young  bacillus.  The  niemliraue  (»f  this  new  niieTobe  is 
formed  iVom  the  inner  layer  of  tlie  s|jore-membrane  (r;if7ox^>o/'^*i/?/*), 
while  the  f*uter  layer  {t.vfmjiorium)  is  east  off.  In  not  all  of  the 
varieties  of  bacilli  docs  sporulatit*n  take  place,  and  even  where  it 
does  (jceiir  there  may,  under  certain  conditions  avS  in  growth  at 
high  temperatnres,  arii^e  niees  which  liave  h)8t  this  piwer  (aspo- 
R>geiious  races). 

The  spore  dues  nut  stain  readily  witli  the  unlinary  anilin 
stains,  ami  speeiai  metlHHls  have  been  devised  fur  euloring  it. 

Cell-meiiibraiie. — Surroundingeaeli  organism  is  a  menibmne 
(e€toplai<m)  denser  am]  mure  highly  refractive  than  the  eell-eun- 
lenta  (endffp/asm).  In  sunie  ca.ses  thin  is  not  to  be  dilbrentiated 
from  the  cndoplasm  ;  hut  in  others  it  is  larger,  and  imxler  certain 
conditifuis  beeoines  a  gehitinous  mass.  In  this  ease  it  is  easily 
seen,  especially  after  apjin^priate  staining.  This  is  eddied  the 
cajmih'.  Ill  gene  ml  this  ocelli's  oidy  when  the  bacteria  develop 
within  the  animal  orgtuiism,  and  not  ii|K>n  artificial  eidturc-mcflia. 
It  is  pr*)bable  that  the  eetuplasm  is  not  a  mere  protective  envelop, 
but  iias  to  do  with  the  fimetional  activity  <*f  the  ba<'teriuni.  The 
fact  that  tlie  Hagclla,  to  which  is  due  the  motility  of  eertain  mi- 
crobeSj  are  directly  continuous  with  and  are  simply  prf)longations 
of  this  membrane,  points  to  this  view. 

1'he  cell-nienil>rane  is  not  easily  cohered  by  ordinary  methods. 

Flagella, — ^lotibty  is  often  a  (intperty  of  bacteria.  It  is 
manifested  in  dilfcrcnt  ways,  and  is  often  ivharacteristic  of  the 
several  varieties  of  liaetcria.  Some  move  slowly  forward  across 
the  Held,  others  with  great  nipidity  ;  othei^  again  dart  hither  and 
thither,  slowly  or  m  quickly  as  to  be  with  difficulty  obs<U'ved, 
Tliey  may  at  the  sime  time  have  a  rotaiy  movement  around  their 
long  or  their  short  axes* 

After  appropriate  staining  the  cause  of  this  motility  is  seen  to 
be  the  presen<'c  of  slender,  wliijHlikc  |irolongations,  originating 
directly  fmin  the  ectojilasm  (Biibes).  Tliey  may  be  twenty  times 
as  long  as  the  hotly  of  tlie  bacterium,  and  are  arranged  in  tlie  dif- 
ferent species  in  flitferent  Avays,  I^acteria  that  jiossess  no  flagella 
are  termed  (Tymnubacteria  ;  those  that  have  these  organs, 
Triehobacteria.     There  may  be  Imt  unc  Hagellum,  situated  at  the 
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pole  (monotrk'hous)^  or  a  number  may  be  present  {hphotrichotts). 
When  they  are  situated  at  botli  poles  the  microbe  h  termed  amphi- 
irichou^ ;  when  distrilnited  over  the  %vIiole  luxly  of  the  bacteria, 
perifnelmm.  The  preseiiee  tind  the  aetivity  cif  Hagelhi  depend  on 
many  faetors  :  on  the  eomlition  of  the  meilium,  baeteria  grown  from 
litpiid  me<lia  being  more  active  than  those  fnmi  ^5olid  ;  on  tem- 
perature ;  on  prf.':fenee  of  air  ;  on  light ;  and  on  the  age  of  tlie 
eoltore.  They  are  easily  broken  off  from  the  microbe,  aod  care 
mnst  he  rised  in  staining  them.     A  speeial  method  is  employed. 

Involution-forms. — Ify  invohition-form  is  meant  the  irrc^g- 
ular  appea ranee  a  mierobe  often  assunjes  when  its  eotiflitions  of 

i growth  are  unfavorable,  Nnmerout^  baeteria  melt  together  and 
)ecome  irregolar  chains,  or  they  apjjear  pear-  or  club-shaped. 
The  protoplasm  becomes  retracted  and  irrt^gidar  staining  takes 
place.  Sometimes  the  miemijes  lose  all  ehanieteristic  appearances. 
Sometimes  forms  with  l>ranehing  projections  are  diBcovered. 
Tiiesc  have  often  lieen  ilcscril>ed  as  in  volution- forms,  but  are  now 
more  commonly  reg:»rded  as  normal,  tbougfi  unusual,  stnietnres. 
This  appbes  to  tuljcrcle  Imcilli,  diphtheria  bacilli^  and  some 
others.  This  true  bmnehing{diehotomy)  must  not  be  confomided 
with  false  or  pseudodiehotomy,  due  to  niere  apjKisition  of  si'jtamte 
organisms,  as  seen  in  various  bacilli,  streptococci,  cte.,  and  habitu- 
allv  in  the  eladoth rices. 

Chemistry. — The  bacterial  cells  are  of  variable  t^omposition, 
depending  to  a  great  extent  up^m  the  kind  of  nutrient  matter.  It 
consists  mainly  of  water  (85  per  cent.).  The  i-hief  solid  material 
is  albumin.  This  varies  according  to  the  medium  of  growth,  und 
has  t)een  given  the  general  name  of  mtivftproffin  (Ncncki).  Kat 
is  also  present.  The  nuelcin-bases,  xanthin,  guanin,  adenin,  and 
cellulose,  have  been  found  by  some.  Some  eojitain  certain  color- 
ing-matters, baeteriopurpurin  and  a  green  substance  similar  to 
chk»ro|jliyll.  Organic  acids  and  ferments  of  differt^ut  kinds  are 
also  found,  Tn  some  special  forms— the  sulphur  bacteria — sul- 
phur is  present. 

BIOLOQY. 

Bacteria  may  be  divided  intf>  two  great  classes  :  those  that 
live  only  on  dead  orgjinic  matter  are  termed  HaprophyieH ;  those 
that  develo]»  in  and  at  t!ie  cx])ense  of  the  living  organism,  para- 
mle^.  These  hitter  l>y  their  growth  cause  certain  pathologic  con- 
ditions in  the  host,  and  are  called  ]Tathogenie,  By  obf if/ate  sapro- 
phytes or  parasites  we  mean  those  that  can  exist  only  under  the 
conditions  named  ;  by /oerf^M/Zcf  saprophytes  ami  parasites,  those 
that  can  develop  under  both  conditions. 

Conditions  of  Growth.^ — <\rtain  surrounding  conditions 
are  necessary  to  bacteria,  and  any  jnarked  ehaugc  in  them  will 
inhibit  the  growth  or  totally  desti*oy  it. 


BACTERIA   AND  DISEASES  DUE  TO  BACTERIA, 


217 


Mechanical  Conditioiis, — A  slight  shaking  of  a  liquid  culture 
ficemti  to  help  the  devi-Iopoient  of  baot4:Tia,  while  a  more  violent 
and  long-eon  tinned  agitation,  destroys  theni. 

PliyBical  Ooiiditiona* — Eiectrical  cufrrentn  destroy  the  grt^wth, 
but  probuhly  by  the  action  of  certain  products  of  the  eleetrolvsis, 
and  not  by  direct  action. 

Light. — Diffused  daylight  inhibits  tlie  growth  of  bacteria:  sun- 
light and,  to  a  less  extent,  electric  light  dcBtroy  them. 

Hmi.' — A  certain  temperature  is  oeccRsary,  the  degree  varying 
with  the  species  of  microbe.    Most  of  the  Nvater  bacteria  and  sapro- 

Ehvtes  grow  between  O*"  and  ZQ"*  C  (32'"  and  m""  FX  the  optimum 
eing  15^-20°  C  {59^^68^  F,)  (Psvchrophilic).  The  pathogenic 
flourish  between  10^  and  45°  C  (50^-113°  F.),  best  at  the 
body-temperature,  37°  (98.6^^  F,)  (Mesophilic).  There  are  some 
that  develop  well  ut  40°-70^  C  (104^-158^  R)  (ThermopbilicV 
AlKJve  these  limits  the  members  of  the  several  ^oups  are  killed, 
and  each  Ijacterium  has  its  own  thorniic  death-point.  That  of 
most  of  the  pathogenic  varieties  lies  between  50*^  and  60'^  C. 
(1 22°  and  140°  F.).  Below  the  lower  limit  the  growth  is  inhibited 
only  ;  ver\'  low  temperatures  (-  250°  C. ;  —418°  F.)  having  been 
used  without  preventing  the  future  development  of  the  niicmbe. 

Spores  are  extremely  resistant  to  higher  temperatures.  While 
no  bacterium  can  live  after  exposure  to  UX>°  (\  <212°  F.),  the 
ispores  of  some  of  the  eartli  microbes  are  killed  only  after  exposure 
for  an  hour  to  stiram  heated  to  115°  C\  (239°  F.)/ 

Chemical  Conditioiis.— The  essential  substances  for  the  growth 
of  bacteria  arc  water,  carbon,  nitrogen  and  oxygen,  an<l  certain 
salts.  For  the  carbon^  they  require  already  prepared  carbon  com- 
pounds, as  the  sugai-s^  glucose,  saccharose,  laetcisey  etc.,  maunite, 
glycerin — in  fact,  mf>st  of  such  as  arc*  soluble  in  water.  Most  of 
the  protoids  ami  many  simpler  substances,  even  such  as  ammonium 
carbonate,  furnisli  the  nitrogen.  Free  oxygen  is  necessary  for 
many  microb*^s.  Those  lor  whi^di  this  is  absolutely  required  are 
termed  obligate  aerobic.  Facultative  aerobes  are  those  that  grow 
best  in  the  presence  of  oxygen,  but  mny  develop  in  its  absence. 
Anaerobic  microbes  are  those  that  grow  best  without  oxygen  and 
are  also  obligate  and  facultative.  It  has  been  found  jwssible  to 
pnjduce  races  which,  altbough  naturally  obligate  anaerobic, 
develop  also  in  an  atmosphere  of  oxygen* 

FUNCTIONS  AND  PRODUCTS  OF  BACTBRIA. 

The  study  of  the  substances  that  result  from  the  action  of  the 
life  of  bacteria  and  the  changes  that  they  prrMluce  in  their  various 
media  of  growth  is  really  a  branch  of  organic  chemistry.  The 
function  of  bacteria  is  essentially  a  destructive  one.  They  split 
ap  the  higher  nitrogenous  and  non-nit rogeuous  compounds  into 
simpler  substances. 
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The  various  .substances  that  are  found  in  the  njedia  of  bacterial 
growth  comprise  :  (1 )  tlie  eoni|>onents  of  the  bacterial  cell  proper, 
as  the  proteins ;  (2)  the  secretions  of  the  c<*ll,  as  tlie  ferments  and 
toxins  ;  and  (3»  substances  that  are  the  result  of  the  action  of 
microb(»s  u|X)n  the  medium  of  growth.  The  toxic  substances 
in  bacterial  cultures  may  be  classified  as  (a)  intracellular 
and  (h)  extracellular  accorcling  as  they  are  contained  within  the 
bacterial  cell  or  free  in  the  culture  medium.  The  extracellular 
substances  may  l>e  purely  products  of  bacterial  secretion  which 
have  been  separated  from  the  cell,  or  tliey  may  l>e  decomposition 
products  derived  from  the  culture  medium. 

(1)  The  first  group  has  already  been  spoken  of  (see  page  214). 
The  proteins  may  pr<Mluce  suj)]>unition  (pyogenic)  or  fever 

(pi/rof/cnic),  or  they  may  be  the  cause  of  an  inflammatory  pi'ocess 
( phlof/offoiic).  Tlies<'  subsUmccs  are  comparatively  resistant  to  heat 
and  are  thus  sharply  distinguished  from  the  ferments  and  toxins. 
The  best  kn(>wn  examples  are  mallein,  derive<l  fnmi  the  bacillus 
of  glanders,  and  tuberculin,  from  that  of  tuberculosis.  These  are 
pyrogeni<*  wlien  injected  into  animals  suffering  resi)ectively  from 
glan<lers  or  tuberculosis,  but  have  no,  or  at  least  verv' slight,  effect 
uj)ou  healthy  subjects.  Other  ])roteins  are  shown  to  have  similar 
effects  on  tul)erculous  animals,  l)ut  not  in  the  minimal  doses  which 
suffice  when  tul>erculin  is  us(»d.  In  ])ractice  the  curative  effect  of 
thes(»  proteins  has  not  proved  of  much  wortli. 

(2)  The  second  grou])  of  products  includes  the  ferments  and 
possibly  the  toxins. 

Perments. — A  ferment  is  a  complex  body  al)out  which  we 
know  but  little  except  the  effects  that  it  prmluces.  By  its  pres- 
ence, and  probably  without  entering  into  intimate  chemical  com- 
bination, it  j>ossesses  the  j)ow<'r  of  breaking  u])  more  highly  organ- 
ized nitrogenous  and  non-nitrogenous  (roiujwunds  into  simple, 
and  more  diff'usibh'  molecules.  They  are  terme<l  enzymes  or  u/j- 
forincfl  fri'iinni.^  in  <-ontra<listinetion  to  the  ba<'teria  themselves, 
which  are  called  /*o/-m<v/  or  /irinf/  Jcnncnfs,  That  the  action  of  fer- 
ments is  not  <lne  directly  to  the  micr(>be  is  sh(>wn  by  the  facts  that 
bactericidal  >ui>stan<-e>,  such  as  phenol  (o  per  cent.),  chloroform, 
ether,  etc.,  Iiav<'  no  effect  on  them,  and  that  cidtures  freed  from 
bacteria  by  filtration  still  jxjssess  fermentative  jx)wer.  The 
action  (►f  fe^Inent.•^  is  termed  frtinentdfion,  but  this  term  is  more 
espi'eiaily  limited  to  the  etleet  of  certain  I'erments  ujxm  non- 
iiiirogenons  eoinjM)nn<ls,  particularly  the  carbohydrates.  The 
result  oi'  ierni<ntation  upon  nitrogenous  material  is  calk*d  imtrc- 
jadion,  which  generally  oeeur.>  with,  though  often  without,  the 
formati(>n  of  (wlorous  ga>es  and  other  snbstan<*es.  The  intracellular 
origin  of  (teriain  ferments  has  Ixen  demonstrated  by  their  experi- 
mental separation  irom  the  bacteria  when  j>la<'ed  uiuUt  high  pres- 
sures. The  resulting  bacteria-free  liipiid  possesses  the  same  fer- 
menting qualities  as  the  culture  itself. 
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The   ferinenls  like  toxins  arc  of 


unknown   eonijx)siti<in,    iire 


highly  destructiljle  by  clioniiral  atrents  and  heat,  eanse  eifW-ts  nut 
*jt*  al]  projHjrtion  to  tliuir  iMilk  <>r  anuuint^  ancj  are  fnqueiitly 
rneelniniraily  privipiiaUMl  with  various  indith  rnit  hodir.^,  "When 
injwte^I  into  animals  Uuth  aiv  capal>le  of  uxeiting  tlie  formation 
of  auti- bodies  (auti-fennents  and  auti-toxine). 


Tli^ 


\v  pnncipiil  bacterial  ftTmerits  are 
-These    irans 


i!b 


Proteolytic  Fermenta. —  l  liese  iranslonn  ali>unyn.s  intf>  more 
8ohibIe  and  ditfiisibh^  substanees.  One  form  very  often  met  with 
U  that  which  liqueties  gelatin.  This  aets  in  an  alkaline  medium, 
and  is  therefun^  akin  hi  the  animal  ferment  trypsin.  This  litpie- 
faetion  o^'  the  gelatin  affonls  a  means  of  di^^tintcnishing  many  species 
of  mirrohe??. 

Diastatic  Ferments, — Tliesi'  trunsfurni  the  starches  into  sugars, 
and  an^  found  in  many  baeterial  euitures,  as  of  Baeillus  mat  lei , 
liafiihis  pnemnouiie,  ete. 

Inverting  Ferments.— These  ehange  tin:  non-fermeiitiseible  sn- 
gjirs  into  those  that  under^fo  direet  fermentation.  Such  ferrnent.H 
are  found,  for  instanee,  in  euUnre.s  of  Spirillum  eholera^  and 
Mutsehnikowi. 

EmwlsiiyiBg  Ferment. — This  is  formed  by  but  few  microbes. 
Onv  examfilr   is   MieromK-cns  (jyogenes  ttjnnis. 

Coagulating  Ferment.^ — One  nf  the  means  of  diffen-nttation  of 
bacteria  is  the  eoagnlation  of  milk  used  a.s  a  enlture-inedium  for 
the  bacteria  under  observation.  This  eoa^^uhition  is  *lne  not  to 
acidity  priHJueed   in  the  uunlium,  but  tt«  thr'  action  of  a  ferment. 

S<>me  varit^ies  of  microbes  priHbu-c  a  ferment  tiiat  has  the 
[Miwer  «»f  di>sulvin|r  tins  edaguhim  when  formed  (easease)  ;  and 
still  others  prochjee  both  ferments— -the  eoa^nlaling  an*l  the  ilis- 
solvitiH. 

Hydrolytic  ferments  are  smdi  as  bi^eak  u[>  urea  into  ammonium 
carbonate  and  liippnrie  acid  into  glyeocoi  and  henzf»ie  acid. 

Fat-splitting  ferments  split  the  fats  into  glyeerin  and  the  fatty 
aeids. 

0xidi2ing  and  nitrifying  ferments  an-  otiier  less  important 
forms. 

Effects  of  Ferments. — The  singh'  or  eondnned  action  of 
thesi"  various  ferments  «'auses  certain  special  kinds  i>f  fermentation 
distin^ui^^iied  by  tlu'  prinrijial  substamv  priKlriee<L  Alc<)hoHe, 
hn'tic-acid,  ami  Innyric-aeid  fermentatiim  of  the  sugars,  acetie- 
acid  fermentation  of  aleuhol  (^Baeillns  acidi  lactiei,  Harillus  butyri- 
Ciis,  Bacillus  aeidi  butyriei*  Haeillns  acetieu^^  ete*)  I  eelluluse  fer- 
mentation with  the  prudnetidu  <»f  earb«inic-aeid  gas  and  anunonia  ; 
iiitritieatjc»n,  in  which  rhxidatlonof  ammfunum  h^ads  to  [)rodnetiuu 
of  nitriteii  (W  inognid.'-ky's  nitnvmonas)  and  sernndarily  conver- 
6U)n  of  nitrites  into  nitriien  (nitri>baeter) ;  mucoid  fermentation  of 
glucose  and  in  vert -sugar  arc  examples. 
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Toxins. — The  pathogenic  bacteria  pnxluee  certain  toxic  sub- 
stances that  are  akin  in  action  to  the  poisonous  venom  of  certain 
serpents  and  other  animals,  and  to  certain  poisonous  principles  of 
plants,  as  abrin  and  ricin.  These  are  of  indefinitely  determined 
character,  and  act  deleteriously  upon  the  organism  only  after  the 
lapse  of  a  certain  time — a  period  of  incubation.  They  are  con- 
sidered the  ffjf^vific  toxins  of  the  several  bacteria.  According  to 
some,  these  give  all  the  reactions  of  albumin,  and  have  been 
termed  foxaihumiifM  { Brieger).  It  is  probable,  however,  that  the 
toxalbiimin  is  but  an  impure  form  of  the  true  toxin,  a  combination 
of  it  and  various  substances  derived  from  the  medium  of  growth. 
Some  authors  regard  it  as  an  albuminose ;  others,  as  a  peptone. 
Most  recent  invf.-stigators  lor>k  upon  the  toxin  as  akin  to  the  fer- 
ment-. Roux  and  Yersin,  in  their  monograph  on  the  Bacillus 
diphtheriie,  held  this  view  and  more  recent  investigators  support 
the  theof}'.  The  analogous  pathologic  action  of  tlie  toxins  and 
ferments,  their  common  origin,  their  destruction  (oxidation)  in 
the  presf,»nc(»of  lijrht,  their  precipitation  by  alcohol,  their  precipita- 
tion frrmi  solution?*  by  colloid  bodies,  their  long  and  imperfect 
dialvsis,  all  point  to  this.  High  tem|>erature  affect  both  sinii- 
lariy,  both  Ixring  destroyed  at  from  60°  to  100°  C.  (140^  to 
212°  F.).  f'hemical  substances  that  have  no  effect  (chloro- 
form, cihcT,  etc.)  on  the  ferments  are  without  action  upon  the 
toxin-* ;  and,  r/Vv  rerwj,  those*  that  destroy  the  ferments  (for- 
maldehyfl)  an-  al^^o  injurious  to  toxins.  Both  may  l>e  sM-allowe<l 
with  impunity,  although  they  are  pathogenic  when  injected  sub- 
'iitari^oij-ly  or  intraiK-ritoneally.  When  the  microbe  is  grown 
;fj  -orn^r  inor^^nnic  medium  or  in  a  non-albuminous  one  (as 
f-/ Kin !■:•/'-  -olijtion),  the  toxic  principle  obtained  corresponds 
iu  >-  'fj'»rii'?il  nartions  to  a  ferment.  Most  important  is 
tK':  f;;/r  t\;ut  ixinnu'W  minute  dos<s  are  effective.  Fer- 
.';.'.'.*'  .:/r  A  If  hour  P'lrard  to  the  mass  employed,  and  it  would 
<^/;;,  *.'.;;•  •o/in-  jKt  in  almr>st  inijxmderable  amounts.  It  has 
»/</;;  '.••..';.::•-'!  fti;it  ,  ^.^'^ ,-  gm.  of  tetanus  toxin  will  kill  a  horse 
^.*:'/!..t.'/  *;V;  y.'/. — IX  hundred  million  times  its  weight;  and 
iitii*  .,  /;./  hi'  tij^inrnliii  f-auses  a  reaction  in  a  diseased  man 
v,«i;/|.i/jv  i/f  y/  -ixty  trillion  times  its  weight.  Finally,  both 
;i/ f  ojj, .  ;)fv/  :»  d<finit>*  [htIo^I  of  incubation.  Courmont  and 
l)*jy,n  i'nu'i  Ui;jf.  },y  inen-asiiig  the  amoimts  of  tetanus  toxin 
\u'y'U4i  i,ji/,  ;i  /J/,//  f !,<..,.  vvw-re  not  able  to  diminish  beyond  a  defi- 
niU'  jlriiir  fhi-  l;<i>  fif  j^ri'^j.  B1*kh1  taken  from  the  animal  during 
th'-  hub.v'j'j' lit  'Ml.  ijMoiis  raiis<*d,  when  injected  into  another 
animal;  uu  iiij//i« /ji;if>-  i/f;iiiif!  attack.  According  to  these  authors, 
the  U'nii*it\.  jy/.v-ji/ly  not  to\i<-  in  itself,  is  capable  of  elaborating 
within  th<-  \yAy  or  *  ijltun-  iridium  tlu»  tetanizing  substance. 

ConKiderabl«  ij;/ht  h;i.'.  b«rri  thrown  upon  the  nature  of  toxins  by 
the  r<Mi*tiii  inv«  ^ii/;jr;o/i  of  Khrlirh  and  others  who  have  followed 
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him*  Tlic^e  invostij2:ations  ]\n\'v  l»t  en  mainly  concenied  Mitli  {l*r 
behavior  of  the  toxin  ttnvard  the  antitoxin  bodies.  Ehrlich  has 
found  t!mt  tlie  serum  contuins  at  least  three  distinct  substances : 
the  toxin  propi_^r,  toxoid,  and  toxone.  The  toxin  is  the  active 
poisonous  element;  but,  aside  from  its  toxic  property^  it  liits  a  dis- 
tinct eombining  abiHty,  so  that  it  enters  \\\U^  condiination  with 
antitoxin.  A  ^iven  serum,  however,  will  combine  with  a  greater 
quantity  of  antitoxin  than  the  tfixic  power  of  the  serum  would 
indicate.  In  other  w^ords,  there  are  other  eombining  Iwdies  which 
bav(*  no  toxic  jmwer,  or  less  t4>xicity  than  the  b>xiu.  A  serum  as 
it  grows  older  lost*s  in  toxic  jMnver  withtmt  losinp:  in  eond>inJMg 
power.  This  is  due  to  tfie  conversion  of  toxin  into  toxoid.  The 
toxone  has  similarly  the  comhiuiiig  power  tor  antitoxin,  but  is 
slightly  toxic,  l>ciu<'  i^apafile,  in  tlie  case  of  diphtberitie  serom^ 
for  example,  of  prod ueiug  the  p^jst-diphtberitic  ]>anilyses.  J I  is, 
however,  not  a  derivative  of  the  toxin,  Ijut  results  Worn  a  direct 
action  of  the  bactenuiu,  ami  is  produced  simultaneously  with  the 
toxin.  The  dissmiiation  of  eouibiniug  power  ami  toxic  power  is 
explained  upon  tlic  assumption  tliat  each  mohH:uk?  of  toxin  con- 
tains a  group  of  atoms  sjiecially  adapted  to  combining  with 
vulnerable  cells  or  with  antitoxin  and  a  toxic  group.  To  the 
former  the  name  hapiophore  *jrtmp  and  to  tlie  hitter  the  term 
toTophore  (jrtmp  has  Ijeen  given.  The  prol)abIc  nature  n\^  tiicse 
will  be  referred  to  in  the  discussion  of  Ehrlich's  tJicory  of  inunuuitv* 

It  \A  important  to  tionsider  in  this  place  certain  advei-se  criticisniN  that 
have  been  made  to  Ehrlich^^  views  regarding  ihv  prescnfi'  cif  diverge  «ub- 
Btances  of  varitible  toxic  and  conibiniitj^  (tower,  Arrheiiins  iind  Madftcn 
hjiv»*  i*hown  tlKit  ivlien  sul>staiice8  i»f  weak  ronibinintr  pinver,  j^ueb  atJ*  bt>rii; 
acid  and  aninionia,  are  mixed  the  neutralization  of  amaiouia  (und  consi'- 
fluently  the  Iosj*  of  hemolytic  eiiect  of  that  ,sab?^tance,  whicli  is  c^juivalent 
to  toxic  or  hejaojy tie  elfect-^  of  toxin*)  is  greater  for  a  certain  amoniil  of 
boric  acid  fir^i  adde<l  than  for  the  same  amr>unt  Hubset^aently  added*  The 
resulting  cyrve  repre^senting  lo.s;^  of  hemolytic  power  sliows  rapid  redueticjn 
at  first,  then  gradually  a  lenks  and  lesii  sudden  oescent  of  the  curve.  When  a 
stroDg  acid  &s  hydrochloric  is  used  the  neutralii^atioii  of  the  ammonia  is 
represcQted  by  a  straij^ht  line,  which  shows  that  the  disappearance  of 
ammonia  and  the  consctimiit  Io?^s  of  hemolytic  etfcM't  h  in  direct  proportion  to 
the  amount  of  hydrochloric  acid  added  at  any  stage  of  the  experiment.  They 
irijsist^  therefore,  that  the  supposed  diversity  of  toxic  subj^tauees  di^cribeil 
by  EhrUch  does  not  exiiit,  but  that  the  toxin  and  antitoxin  stand  in  u 
relation  of  substnuces  having  weak  combining  affinity,  and  that  the  variable 
effect  of  addition-i  of  antitoxin  to  toxic  serEni  i?^  dne  tc»  this  vvuak  affuiity 
rather  than  to  the  f^resence  of  i^everal  distinct  bfrdie^s.  Ehrlich  later 
admitted  that  the  vie^vs  of  Arrlienius  and  Madsen  might  apply  to  i\\v  case 
of  letanolysin  and  tetanus  antitoxin  (the  kicterial  .siibstances  with  whiL*b 
they  worked  as  a  control  ol  the  etl'ects  of  boric  atid  on  ammoniii).  but  he 
atili  insists  that  the  s^ime  prineii>les  do  not  apply  to  diphtheria  toxin  and 
antitoxin,  fi>r  which  he  claims  active  affinity  comparable  to  that  of  ammoniii 
and  hydrochloric  acid. 

Fate  of  ToxiuK — It  is  certain  that  there  exist  in  various  cells 
of  the  animal  organism  certain  oxidizing  ferments  by  which  the 
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toxin  is  destroye<l.  Not  all  of  the  toxin  is  thus  oxidized.  A  part 
is  eliminated  unchanged  through  the  kidneys  in  the  urine  and  to 
some  extent  through  the  liver  in  the  biliar}'  secretion.  Beside 
these  there  is  still  another  method  of  defence  of  the  organism 
against  the  action  of  toxin — the  antitoxin  (9.  v.) 

(3)  The  third  group  of  jmisons  found  in  bacterial  cultures  are 
the  pnKlucts  of  decomj)osition  of  the  culture  medium  under  the 
influence  of  the  bacterial  growth.  They  diflFer  from  toxins  in  the 
fact  that  their  elaboration  is  more  closely  dependent  on  the  char- 
acter of  the  medium  than  is  that  of  the  former.  The  toxin  of 
tetanus  or  diphtheria  may  be  produce<l  in  various,  even  in  non- 
albuminous,  media,  but  the  elaboration  of  certain  ptomains  and 
other  decomposition  products  is  more  narrowly  restricted  to  growth 
of  certain  organisms  in  appropriate  media.  The  substances  pro- 
duced by  bacteria  from  the  culture-media  and  tissues  are  varied 
and  numerous.  Besides  those  produced  by  the  various  fermenta- 
tive processes  there  are :  the  products  of  digestion  of  albumin, 
albumoses,  pe])tone,  etc.;  the  ptomains ;  nitrogenous  substances,  as 
leucin  an(l  tyrosin,  metliyl-,  dimethl-,  trimethyl-,  ethyl,  propyla- 
mins ;  orjpmic  fatty  acids,  formic,  acetic,  propionic,  butyric,  mar- 
gjiric,  lactic,  etc. ;  certain  aromatic  compounds,  as  indol,  phenol, 
kresol,  skatol,  mercaptan,  hydrochinon,  etc. ;  and  finally,  hydrogen, 
carbonic  dioxid,  hydrogen  sulpliid,  ammonium,  water,  etc.  All 
of  these  are  more  or  loss  toxic  and  may  contribute  to  the  unfavor- 
able action  of  bacteria,  but  are  not  the  specific  toxic  agents  that 
occasion  the  ijharacteristic  pathologic  effects  of  the  various  micro- 
organisms. 

Chromogenesis. — Many  bacteria  form  colors  which  give  to 
the  culture  a  characteristic  appearance.  Some  attempt  has  been 
made  to  classify  thos(^  pigments  according  to  their  solubility  in 
alcohol,  ether,  etc.  The  pigment-forming  Ivacteria  themselves  are 
called  rhroniophoric  when  the  pigment  is  a  conii)onent  of  the  bac- 
terial cell  itself;  chromoparic,  when  the  coloring-matter  is  an 
excretion  and  the  mi(Tobe  remains  colorless ;  and  parachromo' 
phoric  when  both  conditions  exist.  The  production  of  the  pig- 
ment depends  to  some  extent  u])on  the  constitution  of  the  medium, 
and  it  is  possible  to  produce  cultures  and  even  races  of  pigment- 
forming  bacteria  by  the  use  of  appropriate  media. 

Photogenesis. — The  phenomenon  of  phosphorescence  ob- 
served in  decaying  fish  is  due  to  the  action  of  bacteria.  This 
producjtion  of  light  is  observed  in  many  of  the  cholera-group  of 
vibriones. 

THE  LOCAL  EFFECTS  OF  BACTERIA. 

These  may  be  either  (a)  mechanical  or  (h)  histologic,  the  me- 
chanical effects  being  least  in  importance,  (a)  Sometimes  masses 
of  micro-orgiuiisms  more  or  less  completely  occlude  small  blood- 
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vessels  and  otrcusion  j^fc^jtKlarv  rfiautri^f,'  m  tUv  tiHBUKS  in  this 
mrchariifal  nay.  In  other  teases  I  he  nljslrurtioti  is  iin'omplete, 
but  occasions  throiiibi>sis  iu  the  blood-vessel  and  various  conse- 
f|ueutial  <li?*onler,s.  {h\  Tlw  histolojirie  rhuoges  occasioned  hj 
hnvtefm  art*  pro/tfiratirr  and  (itsfnfHfrt\  among  the  latter  being 
various  dept'nemtions  and  necrosis.  The  proliferative  clianges 
n*ay  be  iion-spe(*ifie  ivr  specilie^ — that  is»  there  may  be  simply 
proliferation  such  as  fuvurs  from  any  irritation  ;  or  there  mav  Ue 
speeial  forms  of  proliferation  more  c»r  less  eha  met  eristic  of  the 
indivuUml  nucnj-organism  in  extent^  distribution,  and  natnre. 
This  is  st^en  in  the  pccidiar  lesions  of  tnbereidosis,  glanders, 
rhinoseleroma,  etc.  The  eelUHar  degenerations  and  neentses  cK'cur 
coincidentally  or  snhse<|iieut  to  the  proliferjitive  *  lianges.  On  the 
contrary,  in  many  eases  tlje  first  etleets  of  liaeterial  invasion  seem 
to  be  degeneration  or  necrosis  of  the  tissue?*  immediately  around 
the  organisms^. 

EFFECT  OF  TOXIC   PRODUCTS  OF   BACTERBA. 

Bacteria  usually  gain  entnmce  iiitu  the  aninnd  hmly  through 
gome  h'sic»n  ot"  the  epithelial  layer,  often  the  result  of  traunuitism. 
Sometimes  the  micTohcs  find  in  certain  eavities  of  the  botly  favor- 
able conditions  for  growth,  as  in  tiie  pidmonary  or  alimentary 
tracts,  and   tliert*  develop  and  (l:\bnrate  their  toxins. 

Intoxication  and  Infection. — In  one  clasr.  of  *hseases  the 
infecting  niicrohe  renu»ins  h>calized  at  ihe  ]ioint  oi' innt  illation,  anil 
is  never  or  only  exin^ptitnudly  fun  n*l  in  the  tin  ids  cd"  tlie  ho*ly,  the 
general  symptonis  of  tin"  <liseas»'  being  due  to  ahs«a'|Jtiou  of  the 
toxic  protlnets.  Such  arc  true  ]nto.rir(f(ioin<.  In  other  cases  the 
microbe  is  fonnd  einndating  in  tlic  hluod  throiighoiit  tlie  body 
and  finds  Indgrment  in  UK>st  of  llie  organs,  'fht'se  are  t  ailed  ht- 
JfHtnhH  in  the  stric^t  sensu.  Tcianiis  is  the  typi-  uf  llie  first  class; 
anthrax,  of  the  seeouih  There  is,  liowevei%  %us  ilisdnrt  line  to  be 
drawn,  for  the  symptoms  of  all  infections  are  doubtless  due  to 
toxins  or  other  toxic  products,  wliellier  proiluced  hjcally  at  the 
jMiint  of  implanttitinu  of  the  organism  <>r  tliroughnut  tlie  b<jtly 
when  it  is  di^isenii[iated.  While  some  bacteria  always  j»np<hice 
pure  intoxications  (trtannsK  niost  cd"  them  niay»  under  varying 
conditions,  cans**  eitiier  intoxication?!  or  ini'eetitjiis.  Thisdidbrence 
is  due  to  a  variable  degree  of  virnleiice  or  to  variable  resistance  on 
the  part  of  the  tisssue.  The  toxin  is  essentially  negatively  eliemo- 
taetic  (see  InHamniati<m),  and  thus  preveiits  the  jdiagoeytic  action 
of  the  leukocytes  ;  while  many  c^thrr  bacterial  priulucts  and  the 
bacterial  proti^us  ( Baehner)  are  pc^sitiveiy  ehcuHitaetic.  When  a 
patliogenic  ndcrobe  is  wanting  in  virulence,  there  is  a  detcrniiua- 
tion  uf  leukocytes  to  the  point  of  inoculation,  anrl  Siippnrfdhn 
restdts.     A  virulent  microbe  in  the  strict  smse^  tlien,  is  one  that 
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iuva<les  the  animal  liodv  and  there  produces  its  more  or  less 
pfiwerful  toxin  :  an  a  virulent  one  produces  but  little,  if  any,  toxin 
and  is  de?troye<l  by  liacteriolytic  substances  and  by  phagocytosis, 
either  with  or  without  suppuration.  The  number  of  organisms, 
a«^  well  ar?  the  virulence,  is  important  in  determining  the  character 
of  the  effects.  Knise  has  formulated  the  following  scheme 
ti>  illustrate  this  effect  of  small  and  large  doses  of  virulent  and 
le?r??  virulent  organisms : 

1.  Small  doses  cause  general  septicemia  (general  infection). 
Examples,  anthrax  an<l  the  plague. 

2.  Small  dr>>c*s  <>ccasion  local  effects  and  metastatic  foci ;  large 
d'iH-«^,  s<'pti^'<.'inia.     Example,  glanders  in  field  mice. 

3.  Small  dos^'S  clause  local  lesions ;  medium-sized  doses,  local 
legions  and  metastases  ;  large  doses,  septicemia.  Example,  pneu- 
m</(^¥(^'\i-  and  streptococcic  infection  of  rabbits. 

4.  Small  do-if-s  cause  no  effi^ct,  and  larger  doses  local  lesions 
'AU*\  ifj^'ta?»tatif-  fVxi. 

o.  I^rge  doses  cause*  only  IcK'al  lesions. 

0.  Maximal  doses  have  no  effect.     Example,  pure  saprophj-tes. 

Sapremia,  Septicemia,  and  Pyemia, — From  local  sup- 
purative f'Kri  toxic  ]>r(Klucls  may  be  absorlx»d  into  the  general 
cin-uJation.  and  a  condition  known  as  Sapremia  results.  The 
lui'^^Uiir  bacterium  itsc»lf  may  invade  the  blood-current  without 
\[\\\u'^  ri-rf.'  to  any  s^.'condar}*  collection  of  pus.  This  is  terme<l 
j^jAi^v-mia,  When,  however,  the  microbe  is  carried  to  various 
jiart*  of  th<'  bo<ly  and  there  gives  rise  to  secondary-  suppuration, 
the  <^yij'iition  is  called  Pyernin. 

T)i*'  d^'-truetion  of  leukcx'vtes  that  takes  place  in  the  formation 
of  ]/»j-  i-  pn^bably  due  to  bacterial  pn>teins  in  conjunction  with 
th«'  }>r' --ur*'  due  to  elos<*Iy  packed  exudate.  Fn>m  this  point  of 
••!'  V.  -ijiijjiiration  \>  not  sj>ecific,  and  its  production  by  various 
*in  ui'i'-A  r=iib-tanc<*s  proves  this. 

IMMUNITY. 

Definition. — In  the  present  state  of  our  knowledge  of  the 
'ondition  of  iiinniinity  it  is  most  <lifticult  to  give  a  precise  defini- 
tion of  thi-  term.  It  denotes  that  condition  of  an  organism  which 
'-naf^N'.  it  to  re.-i.-t  tin?  attacks  of  bacteria  and  their  toxic  secre- 
tion-. In  on<'  sense  it  is  the  reverse  of  susceptibility.  An  animal 
t|i«t  i-  not  sii!^-<)»tible  to  an  infection  is  said  to  be  immune,  and 
the  t^nn  immuniziition  is  applied  to  the  process  by  which  an 
animal  becomes  thus  refractory. 

Varieties. — Two  principal  forms  of  immunity,  with  a  number 
iA'  ^ulxli visions,  are  recognized:  {(i)  Natural  immunity;  (6)  Ac- 
UnimA  immunity. 
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(«)  Natural  immmiity  is  the  power  of  rosistanoe  to  certniii  bac- 
teria and  toxins  niaiiitL'Sted  by  raet\s  or  classes  t»f  men  and  animals, 
or  even  by  certain  indivitinalg.  It  is  nearly  ahvay.s  or  always  au 
inheritance  from  imninne  ancestoi*s»     We  may  distiiiij^iiish  : 

1,  Nafitrai  Baderiai  Jvimutut}^, — In  this  ease  the  resist-ance 
IS  f  life  red  to  the  specitic  bacterium,  Thns,  nnni-  of'  tlie  lower 
aninuils  is  susceptible  to  syphilis,  measles,  or  leprosy  ;  man  is 
insuseeptible  to  rinder(*est ;  dogi?  and  Algerian  shee|>  to  anthrax  ; 
chickens  to  tetanus  ;  nej^nn's  to  yellow  fe%'er ;  and  in  epidenii<*s  of 
various  kinds  s<inie  indiviiluals  regularly  escape.  This  l>aeterial 
imnmnity  is  only  exceptionally  fibMoiufe^  a-s  in  the  ease  of  animals 
to  syphilis ;  usnally  it  is  merely  j^ehfivfj  the  snseeptilnlity  or 
iusnseeptibility  varying  with  the  environment  or  individual  con- 
ditions. 

2.  Naim^ai  Toxin  Immunittf, — Just  as  the  hog  is  naturally 
re*?istant  to  snake-venom,  so  certain  animals  are  immune  to  certain 
Imeterial  toxim,  Kats  are  resistant  to  <!jphtheria  toxin  ;  chickens 
to  tetaiuis  toxin,  etc, 

(/>)  Acf^uired  Immimity. — This  may  l>e  }ta(ur€ilhf  (tcquired^  ag 
when  an  animal  has  passed  through  an  intectious  disease,  or  arti- 
Jiciaiiii  acquire*!^  when  an  animal  or  num  has  l^een  inwulated  with 
meteria  or  l)acterial  products-  We  may  again  distingnisli  two  sub- 
varieties,  as  in  the  ease  of  natnml  immnnity. 

1.  Arquind  Baderlai  Litmirnifjf. — In  this  fonn  the  animal  or 
man  has  been  rendered  immune  by  previous,  natnrally  aequired 
disease  or  by  ino<ni!ation  with  tlie  s|M_'eific  organisms  that  have 
been  first  redueeii  in  virulence  or  killed  by  beating  and  other 
means*  Acquired  baeterial  immunity  iloes  not  follow  all  infections* 
In  the  ease  of  gonorrbea,  for  example,  it  is  wanting,  and  in  eiy- 
Bipelas  there  seems  tn  lie  increased  susceptibility;  but  in  most 
of  the  iniectious  iumiunity  is  produced,  it  is  of  variabh'  dura- 
tion, sometimes  lasting  throughout  life,  sometimes  only  brief 
periodn  of  time* 

2.  Acquired  Toxin  Immuniti^.^-^Jn  this  form  the  imnutnity  is 
produced  by  the  injection  into  animals  of  the  toxins  from  bac- 
terial cultures  or  by  injection  in  men  or  animals  of  sernin  of 
animal  tiiat  have  been  rendered  natundlv  or  artiticially  ininiune. 

Active  Immunity. — This  term  is  apjjlied  when  artificial  bacterial 
iminnnity  or  toxin  immunity  has  been  prorkieed  by  inoculation 
with  living  or  dead  bacteria  or  by  injection  of  filtrates  of  cidtnres, 
because  in  these  cases  there  is  act  ire  production  of  the  immunizing 
substances  in  the  bcxly  of  the  experimental  animal. 

Passive  Immunittf, — This  term  is  uppbed  to  the  protection 
aiforded  by  injections  of  serum  of  imninne  animals,  because  in 
this  case  the  ppx^ess  is  passive  as  lar  as  the  recipient  of  the  anti- 
toxic injection  is  concerned.  Active  inirannity  is  rt*latively  much 
more  lasting  tlian  passive, 
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iu  friany  cases  immunity  asserts  itself  against  both  the  infect- 
xkx^  fukf  >lx;  and  its  specific  toxin^  as  in  the  rat  with  regard  to  the 
-cUftSitiieria-bacillus  and  its  toxin;  but  more  often  an  animal  is 
f^i:$Uirit  to  the  infection,  though  susceptible  to  the  toxin.  An 
fxarnple  of  this  is  the  action  of  the  guinea-pig  toward  tetanus 
''X'aiJIanl).  The  reverse  may  be  true,  and  we  see  an  injection  of 
tul>^n;ulin  without  effect  upon  a  healthy  animal  that  is  very 
sut»r^'ptible  to  tuberculous  infection.  Most  commonly  natural 
ifijifiijiiity  exists  toward  the  infecting  microbe  and  not  its  toxin. 

Theories  of  Immunity. — All  the  phenomena  of  immunity 
iiav<f  not  l>een  satisfactorily  explained,  but  the  subject  is  at  least 
jiiu<rli  c'hiarer  than  formerly. 

Bacterial  Immnnity. — Alexin  Theory. — The  blood  plasma  and 
fluidn  of  a  naturally  immune  animal  are  capable  of  destroying 
the  l>acteria  toward  which  the  animal  is  immune.  Thus  the  blood 
of  llie  nit  destroys  the  anthrax  bacilhis.  That  tlie  destructive 
ag^'ut  is  contained  in  the  blood  itself  is  shown  by  the  fiict  that 
the  defibrinate<l  blood  and  ])ericardial  effusions  of  dogs  and 
rabbits  destroy  anthrax  bacilli  outside  the  body.  This  bacteri- 
t:uiii\  a<'tJou  is  not,  however,  specific  nor  confined  to  serum  from 
aniriL'il.s  naturally  immune  to  certain  infections.  On  the  contrary, 
the  df'.stnictive  action  is  manifeste<l  toward  all  micro5rganisms  in 
varying  d<*^n?es,  and  the  scnim  of  man  or  animals  always  mani- 
fc*ht«  bact<*rici(lal  power,  though  not  always  decidedly.  This 
l/ax't<*ri<?idal  action  was  attributed  by  Buchner  to  certain  albu- 
iiiiiioiirt  lMHli<*s  which  he  ternu^fl  alexins.  These  are  unstable  sub- 
tiUitU'i'i^  n*rt<*inbHn^  ferments  in  action  and  easily  destroyed  by 
li«':itiii^  iIh!  s(*rum  to  from  55°  to  60°  C.  It  is  now  ouite  gen- 
«nill y  l><-li<;vr<l  that  the  principal  source  of  alexins  is  the  leuko- 
';vii.-,  \vlii(;li  may  either  secrete  the  substances  in  question  or 
Jifi*  r;il<'  tluMu  when  they  de^norate.  It  has  been  recently  shown 
lliiii.  iIm'  pn>t4*(;ti<)n  in  bacterial  immunity  is  not  afforded  by  a 
>\n'^*\t'  ImmIv  or  alexin,  but  by  two  distinct  substances,  each  of 
wjji'  li  in  iM-rihsjirv.     (See  Ehrlich's  Side-chain  Theory.) 

Tltr,,rif  nf  Inhihiiion. — Another  theory  asserts  that  the  inhib- 
i^nr,  i-W't-ri  oftlnj  soniin  causes  some  chan^  in  the  vital  properties 
'A  ill'  l>:iit«  ria.  Culturc-s  of  bacteria  in  the  senim  from  immune 
;.?i;in:ilrt  M-rfii  to  sliow  somc  such  inhibitory  effect,  but  this  is 
j/» '/•/;! Mv  'liii'  ratlMT  to  the  immunizing  action  of  the  serum  in 
.. •  '  li  ill*  V  nn*  KtispendtMl,  as  bacteria  freed  from  this  by  filtration 
t'  ..  ■  .-Ijo'.v  no  *iii('h  physiologic  do<n»neration. 

t'hui/orjitoHiH. — M(»Whnikoff  proposeil  the  very  attractive  theory 
//^  ^,h.r/*t*'\U}h\^.  lie?  holds  that  the  destruction  of  the  microbes  in 
^^/  :iitiui\i\  hoiiy  is  to  be  explained  not  by  the  conditions  of  the 
f//i/  rtuidh,  but  by  purely  cellular  activity.  The  infecting  microbes 
0f^  f40h'n  lip  by  ccTtain  cells  of  the  org:mism  and  are  destroyed 
t^/  UtffU4'^'l\\i\€ir  digestion.     These  cells— phagocytea — are  of  two 
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kinds:  the  miemphagos,  ineliidiiig  the  pt»]ymaq)honiiclear  leu- 
kfjcytes;  and  the  nmcrophages,  int^hjtling  mtirioniieloar  leukot-ytcs, 
the  vascular  endt>thelial  ceils,  the  cells  of  the  borie-niarrow  ;i!id 
spleen,  certaiD  eomiective-tisHue  cells  and  Kupfer^s  cells,  and  even 
those  of  the  nerve-  and  nmbele-ti??sLie.  The  niierophages  are 
mainly  concerned  in  the  aimorjjtioii  and  destruction  of  bacteria  ; 
the  macrophages  in  the  destruction  of  cells,  portions  of  dead  tissues, 
and  the  like.  After  injectifin  of  a  cidtiire  into  tlie  subcutaneous 
tissueof  ananimiil  iiatuniily  or  artiticially  ininiunej  heuoticed  that 
the  bacteria  wercidl  taken  u|>  by  the  leukoeytcs.  That  these  microbes 
were  still  living  anil  virident,  and  were  not  taken  up  as  mere  dead 
matter,  Mct^chnikotf  regards  as  fidly  estal>Hshcd,  One  proof  he 
cites  is  tite  iact  that  an  exudate  containing  nu  free  bacteria^  but  all 
intracelluhkr^  is  capalde  of  prndncing  cultures  on  artificial  metba 
and  causing  infection  in  suinceptiblc  animals. 

Baderiolt/tiv  Theory, — ^Pfeiffcr  opposed  to  Metschnikoff 's  theory 
the  experiment  of  injecting  cliolera  vibriones  into  the  peritoneum 
of  artificially  imnninized  guinea-pigs.  He  ob.scrvcd  a  complete 
destruction  of  the  microbe  by  the  peritoneal  fluid — an  agglutina- 
tion into  masst»s  and  a  gradual  degeneration*  Thert!  were  feWj  if 
any,  leukocytes  present,  and  he  therefore  claimed  that  such  destruc- 
tion was  entirely  extracellular  and  humoral  in  character.  This 
property  of  destroying  or  dissolving  l>acteria  luis  been  termed  the 
^^  fj/mf^enk -^  action  of  scrum.  However,  if  a  preliminar}'  injec- 
tion of  some  substance  that  determines  a  local  leukcK^ytosis  is 
made,  there  may  occur,  instead  of  the  reaction  of  Pfeiffer,  a  true 
phagocytosis,  Metsehnikoff  interprets  Pfeitfer's  phenomenon 
as  the  result  of  a  dissolution  of  tlie  leukocytes  by  bacterial 
action,  and  solution  iii  the  peritoneal  fluid  of  the  destructive 
substances. 

While  at  the  present  time  the  theory  of  phagocytosis  must  be 
regarded  as  incapalde  of  explaining  all  of  the  pncuomena  of  the 
defense  of  the  organism  against  bacterial  invasion^  tliere  can  be 
no  doubt  of  the  im|K>rtancc  of  this  [ihenomenon  in  the  protection 
against  invading  organisms.  If  the  Ijacteria  are  not  too  virulent » 
phagocytes  are  capable  of  alisorliing  them  without  any  previous 
action  of  destructive  clieruical  agents  in  the  serum.  As  a  rule, 
however,  certiiin  chemical  substances  in  the  serimi  areopenitive  in 
reducing  the  virulence  of  the  organisms  or  otherwise  rendering 
them  susceptible  to  phagocytic  destruction. 

Opsonins. — Recei»tly  Wright  an4l  otluTs  have  demonstrated  in 
the  serum  of  animals  certain  thermolabilc  bodies  wluch,  acting  uptm 
bacteria^  sensitize  them  for  phagocytosis.  These  substances  which 
liave  been  termed  opf^ontHS  arc  unah>gous  in  nmstitution  to  toxins 
in  having  a  liaptopliure  gnaq*  l)y  wl»ich  they  attach  themselves  to 
the  bacteria  and  au  opsonifenuis  group,  which  resembles  the  com- 
plements, and,  acting  Hke  a  ferment,  completes  the  sensitization  of 
the  bacterium.     Heat  is  destructive  to  the  ojisoniierous  group. 
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Acfr^MdiiB. — An  attractive  theory  has  been  suggested  by  Bail 
vj  f'xpLiin  the  unusual  virulence  of  micro-organisms  under  certain 
<-irc'Ufiif^tances.  It  was  found  by  Koch  that  intraperitoneal  inocu- 
hixvm  with  fresh  cultures  of  tubercle  bacilli  causes  a  rapid  destruc- 
tion of  tuberculous  animals.  Bail  found  that  if  tubercle  bacilli 
with  sterilized  tuberculous  exudate  were  injected  into  healthy 
animals,  sudden  death  resulted.  Neither  the  sterile  exudate  nor 
the  tulKTcle  bacilli  alone  had  such  an  effect.  He,  therefore,  assumed 
that  something  in  the  exudate  increases  the  virulence  of  the  micro- 
organisms and  gave  tlie  name  aggressin  to  the  hypothetical  sul)- 
8tance.  The  exudate  found  in  the  peritoneal  cavity  in  these  cases 
M'as  found  to  consist  solely  of  lymphocytes  and  Bail  suggests  that 
the  aggressin  acts  by  panilyzin<>^  the  polymorphonuclear  leucocytes 
and  thus  prevents  phagocytosis.  The  lymphocytic  character  of 
tulxfrculous  exudates  is  explained  by  the  presence  of  the  aggressin 
in  the  tul)erculous  animal  or  man,  and  the  consequent  prevention 
of  mi  Juration  of  polymorphonuclear  leucocytes.  Similar  phenomena 
liave  iHti'W  found  in  case  of  other  micro-organisms.  Antiaggressins 
have  hiH}i\  prcxluced  by  repeated  inoculation  of  animals  with  exu- 
date-? containing  the  aggressins. 

Wliile  an  important  part  must  be  admitted  to  phagocytes  in 
the  ultiniato  destruction  of  bacteria,  bacteriolysis  may  occur  inde- 
jx;nd4;ntly  of  phagocytes. 

The  bacteriolytic  substance  has  been  found  to  operate  outside  of 
the  lK><ly,  though  not  so  actively  as  in  the  peritoneal  cavity.  When 
it  Iia«  b^'en  partly  destroyed  by  long  standing  or  heat,  the  addition 
*A' a  hfnall  (juantity  of  normal  serum  from  the  same  animal  species 
n".Vfn"i  th<»  bacteriolytic  |>ower.  (These  phenomena  will  be  again 
ff'-rnrd  to  in  the  <Hscussion  of  Ehrlich's  theory.)  The  sources  of 
x'ii*:  barNrriolytic  substances  are  the  spleen,  l)one-marrow,  lym- 
^A*Jix^i':  j/lands,  thymus  gland,  and  doubtless  other  organs  as  well. 
l\  ,^  l^robable  that  the  source  differs  in  different  infections. 

J/.v;ti'riolysins  differ  from  Buchuer's  alexin  in  being  specific  in 
4/^.  'ffi.  and,  tluTefore,  operative  only  in  the  case  of  bacteria  to  which 
^^.^  >^:/:tiin\  has  been  immunized.  The  bacteriolysins  are  closely 
/»  ♦./':  t/i,  if  not  identical  with,  hemolysins,  substances  occurring 
'.  -■ .  ifliftna  under  certain  conditions  and  capable  of  destroying 
.*'.•:   ,.vyJ-<j';rpuscles.     (See  Ehrlich's  Theory.) 

/;v/  //  / 1///  Atjtjlatination, — Recent  investigations  by  Gniber,  Dur- 
/'iHA'r  V/</J;il,  and  others  have  shown  that  the  serum  of  animals  or 
,^v««*s  <"  h/\f'rtti\  immune  (naturally  or  experimentally)  to  infection 
lf\f)^  J**»/?  \/iu:\\\\  of  typhoid  fever,  cholera,  the  bacillus  coli,  etc.,  causes 

]*^4miion  and  flocculent  precipitation  of  the  respective  bacteria 
rt^f  U/uillon  cultures.  The  reaction  may  be  obtained  with 
Ivit^lli  under  certain  conditions  and  even  with  inert  matters 
nryw-J  I*  *rWf*wwion.  (For  further  details  see  Typhoid  Fever.)  This 
pi^mH9*ff9fm  (rerpdion  of  OrvJber-Wulal)  has  been  interpreted  as 
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representing  the  mode  of  defence  of  the  organisra  against  inf€ction, 
and  the  renction  has  therefore  been  considered  as  one  of  irnm unity, 
Tlie  reaction,  howe%'er,  bears  no  relation  to  the  severity  of  the 
inft?ction  or  the  degree  of  immunity*  The  serum  may  be  highly 
agghttinativc  and  yet  have  no  immune  properties.  Some  have 
thoiiglit  that  the  agghitination  is  closely  associatwl  with  bacteri- 
olysis, perhaps  a%  a  preparatory  step,  but  the  two  fimctions  are 
certainly  distinct. 

Recent  experiraents  seem  to  show  that  two  substances  are  con- 
cerned! in  agglutination — an  agglutinal>le  and  an  agglutinating 
body.  The  latter  appears  to  be  albuminous  or  related  to  serum- 
globulin,  as  it  is  precipitated  witli  the  latter  by  magnesiura 
sulphate.     It  is  much  more  resistant  to  heat  than  is  alexin. 

Ferment  Thmrtf, — X  ferment  theory  has  Iw^cn  offercil  in  explana- 
tion of  some  of  the  pheuoinena  of  immimitVt  but  it  is  of  only  re- 
strieted  interest  or  imptjrtanee.  Certain  bacteria,  like  pyocyaneus, 
typhoid,  and  cholera  bacilli,  are  eapalde  of  elaborating  ferment-like 
bodies  that  have  been  designated  jtiforiiajiase^  ti^pfi(ut%  and  cit  of  erase. 
These  have  some  baetcriulytic  power,  and  natural  immunity  has 
been  explained  by  assuming  the  presence  in  the  plasma  of  such 
ferments.  The  action  of  these  ferments  is  not,  liowever,  specific, 
and  their  relations  to  otlicr  l>aetrriolytic  bodies  is  still  obscure. 

Toxm-immuiiity.— The  probaldc  nature  of  toxins  has  been  dis- 
cussed on  page  220.  It  is  found  in  sijine  eases  tlmt  an  animal  is 
susceptible  to  the  action  of  the  toxin  of  a  cert;iin  bacterium,  though 
refractory  tn  the  bacteriiun  itself,  and  the  n- verse  may  also  oc-cur. 
It  is  clear,  therefore,  that  the  resistance  to  bacteria  and  the  resist^ 
ance  to  toxins  are  distinct  processes,  though  the  two  are  in  most 
instances  asf?ociated  in  the  same  animal. 

Natural  Toxin-immunittf. — Normally,  certain  classes  of  animals 
exhibit  natural  toxin-immunity  Just  as  we  have  seen  uatunil  bac- 
terial immunity  exi.-^ting  in  certain  aninuds.  The  immunity  of 
the  bog  to  snakc-veuoin,  of  the  chicken  to  tetanus  toxin,  of  the 
rat  to  diphtheria  toxin,  and  other  examples  might  be  cited,  Tlie 
explanation  of  this  natural  invmuiiity  is  j^till  nneertain.  It  is  snp- 
pose<l  thai  the  immunity,  which  is  an  heni'ditary  one,  originally 
o^*curred  in  the  aueestors  as  a  result  of  tlie  inieetimi  nv  intoxi- 
cation in  question.  They  then  tnmsmitted  the  innoiuu'ty  to  their 
descendants.  With  the  discovery  of  antitoxin  (to  be  described 
below)  it  seemed  likely  that  an  explanation  of  natural  toxin- 
immnnity  had  been  discovered,  but  it  wa^  found  that,  in  the  ease 
of  the  chicken  and  rat,  not  a  traee  of  untitoxin  was  present  in 
the  l>lo<jd,  though  these  animals  are  highly  immune  to  the  toxins 
of  tetanus  and  diplitheria,  respectively.  It  was  also  found  that 
in  these  animals  the  introduction  of  the  toxins,  while  producing 
no  symptoms,  rendered  the  serum  highly  toxic,  and  that,  trans- 
ferred to  other  animals^  this  serum  produced  the  symptoms  of  the 
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(iiHriiHOH  iianHKi.  The  toxin  evidently  circulates  in  an  unaltered 
Htiit4»  at  liMiHt  for  Konic  time,  and  the  immunity  is  not  due  either 
to  (l(*Htruotion  of  the  toxin  or  to  its  rapid  elimination ;  and  as  anti- 
toxin is  uh8t*nt,  it  seems  likely  that  the  immunity  rests  upon 
tin  uurtvoptivo  ijualitv  in  the  cells  of  the  body.  Recent  experi- 
luonts  h:ivo  made  it  clear  that  toxins  attach  themselves  closely  to 
^vrtcUM  wUs,  rt^%  for  example,  the  ner\'e-cells  in  the  case  of  tetanus; 
iMul  \\  uiAv  itisily  Ih*  ciuiceived  that  if  these  cells  are  not  receptive, 
\>w  i\*\M\  mi^ht  oin-ulate  harmlessly  in  the  serum.  Experimental 
j\»x\»f'  s»r  thi'i  vu*\v  will  Ih*  oiteil  later. 

l*f>,*  tv»iit  *ntitx.\tin  is  applied  to  a  substance  or  substances  in 
bN^.  «^'Miin  oi"  tiM  iiuimal  that  pn>tect  against  the  toxin  of  a  specific 
^»i,«t  ,«.««*. 

\  ,^..  ,.•/     f\rin-intmunittf, — Behring  first  produced  antitoxin 

if    :i|*]i  •-».  M<(.  bki^  xtiKv  Ills  investigations  antitoxins  of  tetanus, 

.im'v    \*  «».»«•».  »»kI  i»r  x^rious  infiH'tious  poisons,  mainly  of  labo- 

.^.».:  %     iii.M.i.  I»a\c   Uvn    phmIucihI.     The  production  of  anti- 

u.x.i*     .    4. .oiiii»l».xlK\l  l»v  tn^ating  an  animal  at  first  with  small, 

».,.:  ',f.  I   u«ili  l.»!v;%'i\  dvKM's  of  the  toxin  until  the  antitoxic  quality 

:i  *,  ••|sJ        V'*  ii  maiiiT  of  practical  procedure  in  some  cases 

.;i|.iiili.  ii<4^  vnlturt'S  that  have  l)een  sterilized  by  heat  or 

,:ni.,  .  .  *.iii  omiiv;  Uu'iiTia  of  low  viniloncc  are  frequently  used  in 

.li    . .,«:%  ii»»*A  noiw.  and  hiter,  when  a  certain  degree  of  immunity 

r,  I    >.. .  ii  )*i%Hiiut-J.  tlie  aninml  is  inoculated  with  virulent  cultures 

mnioMii  iH'arhes  a  maximum.     When  toxin  of  sufficient 

.til   W  i»l»lainiHl,  the  antitoxin  can  be  most  surely  pre- 

i  1.^  n  iiK- ilir  toxin  alone.     I n  the  course  of  the  immunization 

,     , .1.111  tl  ilir  antitoxin  sometimes  disappears  from  the  blood, 

,ii  ....  !.  s^.iln»iii   ;ui\  lo>s  of  ininiunity  on  the  part  of  the  animal. 

I  h.     j.ii  lu.iiiv  Moh  inav  he  explaine<l,  like  that  of  natural  toxin- 

....   ,,    ui«l  iLitumlbaeterial  immunity,  by  the  assumption  that 

J,         I!      ..II   ilir  Olio  liaiul,  have  IxH^onie  unreceptive  for  toxins 
*,.,  I  .1,  H  ,1,..  I.KhhI  mtuiu  has  bm)ine  bacteriolytic. 

\  .....i««l  loMii  inunnnity  was  first  explained  by  Behring  in  a 
^^^ ,.,.,  ^    ,,,,,1  ^1  lo  (lio  rxplauation  at  that  time  oflfered  for  natural 

"!y U.OO..U      \\u\i   i>*  '»'*  taught  that  the  tissues  of  the  body 

I.      ..u     I. .  »i  loini'il  to  tlir  toxin,  a  sort  of  Mithridatization.     I^ter 

1^    ^ ^^^  ^  ^\  iini  ilii*  ix'>iMaiuv  is  duo  to  the  presence  of  an  anti- 

m  llo.  \\  tir.i  \\a-»  ivi^anled  by  many  as  an 'altered  form  of 
»i!xo\  ssxA  o.i.'iii'  oihor  ox|H'riments  otfered  to  prove  this  view, 
x\x\\  M  .M  uoi.ilioi;  anliioxin  in  ntm  by  the  action  of  either  a 
vvmiuoMu .  X's  tiio  ounv.u  or  a  nipidly  intemiptcKl  direct  current. 
\\\  \\  \\\ys\s  how  o\  or.  that  t  ho  sup|K»siHl  antitoxin  in  this  case 
ia/.tmhl^  '*  »^»^»»*  **•'  '^*^^^'*'  viruloiuv  and  that  its  seemingly  anti- 
u\^v  oh'utiotoi  wa.  ix.iUv  vliio  to  Its  ni|Kicity  for  developing  im- 
{\,\  \\\\\\s  M\|oolod  into  aniumls. 
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Occasionally  antitoxin  is  found  in  the  normal  animal  or  in  man 
withont  pn'vious  occurrence  of  tln^  iufeetion  under  consideration ; 
thus  in  a  uotahU'  projwrtion  of  uonual  horses  diphtht'iia  antitoxin 
is  found  in  the  blo^xl,  and  the  same  is  true  of  cliildreu  and  of  adult 
human  bcins^.  lu  these  latter,  of  coiir?*e^  tlic  possibility  of  a  slight 
attack  of  the  disca^st*  occurring  in  early  life  aud  having  been  over- 
lookt^d  must  be  considered,  h\  animals,  such  as  liorses,  in  which 
the  disease  does  not  o<.'eur  sjxiutfineously,  this  explanation  does  not 
hold.  In  the  light  of  recent  knowledge  it  seems  probable  that 
antitoxin  may  be  pro<luced  by  the  cells  under  stinndation  other 
than  that  of  the  specific  toxin,  and  while  antitoxins  are  specific  to  a 
very  large  degree,  so  tliat  tliat  of  diplitheria  protects  only  against 
the  diphtheria  ]>oisou  and  that  of  tetaims  only  against  the  tetanus 
p>ison,  this  speeifieity  is  \\<\i  absolute.  It  is  knnwu  that<liphtheria 
toxin  protects  against  abrin  poisoning  and  the  antitoxin  of  al>rin 
protects  ag;iinst  abrtn  and  ricin  poisoning,  while  the  tetanus 
antitoxin  is  jiartially  preventive  against  snake-venom.  Further, 
it  has  been  shown  that  inject lou  of  various  chcmotactic  sul>- 
stanees,  such  as  salt  soiutinn,  extracts  cjf  certain  organs,  |K:>ptone» 
cinuamie  acid,  etc,»  are  capable  of  pnnlnciug  in  the  bloiMl  some 
antitoxin,  though  they  are  more  particularly  active  in  generating 
bacterial  immunity.  These  facts  imlieat*'  that  antitoxins  are  not 
stru'tly  specific  aud  that  in  a  limited  degree  they  may  he  pro- 
dueihle  by  otiier  means  than  preexistiug  infection  or  inoculation. 

Adlon  of  Anfifoxin. — It  was  tii^^t  thought  by  Behring  that  the 
toxin  aud  antitoxin  entrr  into  a  eliemieal  combination  which  com- 
pletely destfitys  the  identity  of  the  two  substances.  This  was 
disprovcil  by  the  discovery  tliat  a  mixture  of  snake  toxin  aud  Its 
autitoxiu,  which  has  no  effect  when  injected  into  an  animal,  be- 
comes highly  toxic  when  heated  to  70"^  C\  It  is  known  that  the 
antitoxin  is  dcstroye<l  at  this  tenijx'raturc,  while  the  toxin  is  not. 
It  IS  very  probable  that  the  toxin  and  nnti toxin  cuter  into  a  form 
'of  li.Mjse  eiiemicid  rombiiuitiou  without  h>sing  their  identity  just 
as  hydrochloric  acid  enters  into  loose  combination  with  albumin 
in  gastric  digestion* 

The  Chemical  Nafure  of  Anlitoxht.^-Biit  little  is  known  regar*!- 
ing  the  antitoxins  excepting  that  they  are  relatively  resistaut  to 
Iieat  and  other  external  agencies.  Thus  the  tetanus  antitoxin 
beiirs  a  temperatun^  of  up  to  70"^  C,  as  well  as  the  action  of  sun- 
liglit,  anil  even  |>utretaction,  withont  being  destroyed.  It  seeuis 
likely  that  the  autitoxijis  are  albuminous  bodies  or  that  they  are 
closely  associated  with  such  bodies. 

TVammmtion  of  Anfiioxm, — The  heretlitary  transmission  of 
antitoxin  has  been  studied,  aud  it  has  been  found  that  transmission 
takes  place  from  the  niother  to  the  offsi>ring  tlirough  the  fetal 
circulation  or  after  birth  through  milk.  There  is  no  transmission 
from  an  immune  male  parent  to  the  offspring.     In  experimental 
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work  the  traofini^^ion  of  immunf-  •uh-ianoe  irouM  not  be  traced 
a.-  lar  a»  th*-  s^-'^nd  pfnf- ration. 

Ki'uiunfition. — Antit'ixiu  ir  proliably  eliminatoil  thn-iiiih  all 
the  r^-'-n.-Ton-  nivan.-.  It  ha*  ]•«-«  n  found  in  the  iirint-  and  ti»  a 
lan<'-  'XT'-nt  in  th^  milk.  Brir^rir  ami  Ehrlicli  ohtainni  a  ijuite 
Ci«n'«;iJtnjt«-<I  fttrni  of  antitoxin  liv  |iivcipitatii>n  i»f  the  caM-in  by 
anirijMrjiiirii  criiliiliate  and  puritir-sition  by  dialy>i>.  A?  in  tht-  t-a**!- 
of  t'.xin-.  the  whole  f*\'  th*-  antitoxin  M-em^i  to  bt-  c-arritil  down  by 
th<'  jir«-'-ipitat'-<l  folhijil  i-a&i-in. 

All  th"  jdi'-miiiiena  of  ininiunity  have  been explaint-il  by  Ehrlieh 
in  a  \-t-ry  eorujin-h'-n-^iv*-  th«'on-  t-jilh**!  tlu-  SkU-^'h^in  Th*:onj.  Tht* 
appli'-atinii-  <t\  thi-  v*  toxin-ininiunity  will  be  tirst  con>idiTtil  XT 
tli«-  -ak<-  oi'  •iinjilii-ity. 
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■-.••■■r-  .:  J:.-..  j.-..r-  ..f  Tl..-  t;,!r.|  .■r-l-.r  Ki-.  ^l.'lll  .  i  a"v 
!■■  ■^•;..'.{.-  '  .iri'l'/.  On..'  .f  fin -■  i  ..niliiiu*  wiil,  a  n!«  I.i  r.'»-  .  r  ri'.I  '  :r 
.  ].!.ir  J..I-  iii;;»i:ty,  ai..]  U..  ..i;,.-.-  i-.i:j».itj».-.s  \*i:!.  tl...-  i.aj.t.  j-}..  n-  tr-  ;::■  ■":■:^.-.■ 
«  i,iii|.;.  Ui.  m. /:  wli;«  !i  whiii  M.  *'in,l.iii.«j.  i-art  aH  \i]„,\\  i\„-  i;...Ui  i;!.-  um  h,.n-»l  :■■  ::  v 
f.i.i-  f  Ji.ipi'.i.h'.p;  ;T'."i!.  'Mil- i'.rj.i,]»:ju.:iii  ha- lu.i  ;:rt.ui.B— .-i:!-.  i;>  l.iii.i.  i-h.-ro.  ft.ii::-:  Ti.r 
i/lJi'  !.  It-  /jijji.t'ixi':  iif>n\i,  ;. 

Ehrlich'8  Side-chain  Theory. — ft.  To.rhi-inninniUii, — This  theory 
explains  tin*  fads  n-ir-irdiiiL^  th*- Mrtinn  nf  to.\in>  and  tlu*  f^irmatinn 
of  antitoxin^  iM-lt^-r  than  any  that  h:i-  Imm-ii  ."-UL^^n^ted.  It  is  ba>td 
upon  tin-  hyp<»lln-is  lh:it  harKriai  toxins,  like  a>siniilattHl  \\^n\- 
stufls  I'liti-r  into  rhi-iniral  <-oriibiii;ition  with  tin-  *'clls  tif  the  IhmIv. 
In  this  n>pi"fl  toxin-  diilrr  fn»m  rhcniical  jjoisons  whicli  do  n^'t 
enter  into  such  coiitbinatioii,  and  this  may  <'X])lain  the  iailnri'  of 
nil  exprrinirnts  at  prodneiii.n  of  antitoxins  for  such  poisons 
KcMne  non-bactcrial  |»oi>ons,  sikIi  a<  snake- vrnoni,  abrin.  riein. 
ft<*.,  nwnible  toxins  in  ioml>inin<:  with  the  eells,  and  it  is  notable 
that  in  the  ease  of  these  |H}isons  antit<»xins  have  been  pnxlneiHl. 
Th(!  mnibinution  between  a  toxin  and  a  e<»Il  is  effected  bv  atom 
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groups  or  radicals  (to  borrow  terms  from  organic  chemistry),  the 
-group  of  the  cell  entering  into  combination  with  the  groop  of  the 
toxin.  These  groups  wliieh  effect  the  junction  of  the  cell  and  the 
toxin  are  termed  haptophorc  r/roiips.  In  addition  to  its  liaptopliore 
group,  the  toxhi  molecule  contaius  a  toxophorc  group  which  car- 
ries the  toxic  capacities,  but  the  toxopiuirc  gnaup  rannot  oper- 
ate upon  a  cell  until  tlie  toxin  has  been  anchorcil  to  the  cell  by 
the  juuction  of  the  haptophorc  groups  (Fig.  81).  When  a  toxin  is 
introJueed  into  the  body^  it  seeks  tint  cells  eontairiing  haptuphore 
group.s  having  atlinity  for  its  own  haptophore  gnnip.  These  hapto- 
phorc groups  of  tlie  cells,  fmm  their  receptive  function,  are  called 
receptors^  and  they  an.^  specific  in  sc*  far  as  tht*  receptors  of  certain 
cells  will  eomluue  with  ihe  haptHphore  groups  for  wliich  they 
have  tdtinity  aiul  with  no  others.  In  this  way  it  may  happen  that 
a  highly  toxic  body  may  cireulate  liarudi'ssly  in  the  botly,  as  there 
are  no  receptors  tor  whii-h  it  has  affinity.  {This  matt^^r  was  re- 
ferred to  in  the  panigraidi  on  Natund  Toxiii-inununity.) 

When  the  reeef>tors  of  the  cells  arc  utilized  by  eombinatiou 
with  the  Imptophores  of  \Uo  toxin,  th*w  nniy  l>e  reganled  as 
neutralized  or  [vrartically  destroyed,  and  the  cell  has  suffered  a 
**  defect  "  which  aiast  be  replaced  by  regen<  rative  processes.  This 
usually  fallows  promptly  according  to  the  well-known  theor}"  of 
Weigcrt  that  destruction  is  followed  by  regenenition.  In  acconl- 
ance  with  the  mme  theory  this  regeneratinn  ofl;en  more  than  re- 
places the  loss,  sn  that  in  the  case  under  discussion  there  is  an 
overproduction  ni^  n ccptors  in  the  cell,  and  some  of  tlit^se  are 
extrutled  from  the  cell  into  the  blood -plasma.  The  actual  extra- 
eioD  or  separation  of  the  haptophore  gronps  requires  the  stimulus 
of  the  toxophorc  gj-oup.  The  stpamted  haptupliore  groups  now 
free  in  the  bloud-plasnia  constitute  tlie  anHtarh}.,  since  they  are 
now  free  and  able  to  combine  witli  the  toxins  before  these  can 
reach  cells  susceptible  to  the  action  of  the  toxopliore  group.  The 
toxin  thus  combined  with  a  liberated  receptor  (antitoxin]  is  inca- 
pable of  harm,  as  its  own  ha|>toph(Kre  grou|>  is  promptly  joined  to 
the  antitoxin  and  cannftt,  therefor*-,  become  anchored  to  a  vulner- 
alde  cell,  which  is  the  prerequisite  for  the  operation  of  the  toxo- 
phorc group  upon  a  cell,  A  tier  antitoxin  formation  has  begun,  it 
may  continnc  for  some  time,  tausiiig  successive  discharges  into 
the  blood-stre^im  of  the  antitoxic  material.  This  is  shown  by  the 
continued  presence  of  antitoxin  in  animals  that  have  been  bled  so 
abundantly  that  practically  all  tin?  oriLdual  blood  must  have  been 
withdrawn. 

All  the  steps  in  this  theory  have  been  practically  demon- 
strated. In  the  first  place,  it  has  been  shown  that  the  toxin  eutera 
into  firm  combination  with  the  cell  by  mixing  tetanus  toxin  and 
ennilsioDS  of  normal  brain  tissue.  Under  these  circumstances  a 
certain  proportion,  or  all,  of  the  toxin  unites  with  the  nerve-cella 
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PSRZ^u  frv«u  I2f(r  oranLdiisaes  «f  tiM*  iapK^AicR-  CTcw|i^  <if  the  tox- 
in ToA  'S  ^dut  obEL  SM  i$  zi»d«p«MieBi  <4  ibe  v«x«|iliOfv  gmp. 
Ttik  in^  i/aoKmsaaaub^  hj  prwiiiaiiE  iiKTejaeii  fnfmpdfaifitT  to 
fii^  ^.o:<c  ^.^  Vjxis  in  aziiinai^  iw:<nziiiCMi  vidi  K<ix<«d  a  kodT  de- 
HT'e'i  fr.ffii  Vjxin  Un  Latiii^  x»n  loxic  qiiilhie«  ^  Ute  «>xotd  has 
fife*.  ^asK;  crjmUziioe  <a|»dtr  ibr  rEOPfiK*^  •I'f  ii»e  oeU?  a«  fass  the 
loxjs.  l*aT  h  -amplT  lac^  the  toxcfiiKV^  gr^i^ips.  which  s«i«iiehow 
iaiTe  diapfiearra  or  beeome  alseraL     In  liK-  experiment  just 


^ 


^^S^^^C*-; 


^/ 


Fi^  <S.— £  ?e&«Bfr  fik-TTiar  cell  vixh  reccyCon  •  e  .  Ooe  reeeftor  hw  bees  oorapied 
^^  A  Vvxjs  zaf>:>WT;>  t> .  Tbcs«  hu  z«sa]s«d  a£  OT«7e:>!iQcsxo  w  renpioa  and  tvo  of 
»•»  ^''  zjkr^  t0ttKimt  f«7Axase4  fr«c  the  ctll. 


//.  ^.i/KSut  titvwisf  u.'Xin  co^nzies  ^  anached  to  free  ivc«fSrcB  tc^  is  tbe  blood. 
Tz^,  v.z.^  >  :&-3s  pnT«iu4  frr-a  anartimg  iuelf  to  tbe  xtceptoa  <  a  of  tke  cell  aad  the 

tf¥AfA  Uifrre  was  no  trace  of  antiiorin  in  the  blood  :  hence  the  tox- 
^Ad  was  fsnyeiA^  of  causing  increased  prvJ  notion  of  receptors  an 
(A^  f^^ffjt  hut  not  free  in  the  l>loi>i  as  antitoxin.  Other  experiments 
fthow  t?iat  thfr  stimoln^  of  the  t«»xophore  gniup  is  necessary  to 
^aa.-f-  the  r!f:paration  of  new-formed  receptors  fn.»m  the  celL  In 
th*r  thinl  placfr.  it  has  been  shown  that  the  antitoxin  formation 
tak'--  plar,-^  in  the  fixed  tissue-cells,  where  the  toxin  finds  suitable 
r^*-ptor*.  and  n'»t  in  the  cireulatine  Mooil  its*?lf.  since  antitoxin 
c^^uM  \fH  extracted  with  salt  solution?  from  the  blood-making  or- 
'^^xit  of  animals  that  had  been  treated  with  toxin  but  had  not  yet 
any  antit^>xin  in  the  blood.  Of  course,  the  period  of  time  during 
which  -uch  an  experiment  could  succeed!  must  be  a  very  brief  one, 
but  it  has  been  accomplished. 

Numerous  experiments  have  shown  that  the  antitoxin  is  not 
altenr^l  toxin,  but  a  new  pnxiuction.  as  stated  in  this  theory.  The 
larjre  amount  of  antitoxin  produced  by  a  small  amount  of  toxin 
alone  would  suflSce  to  disprove  the  theon-  of  transformation. 

Haptophore  groups  or  receptors  still  in  connection  with  the 


BACTERIA  AND  DISEASES  DUB  TO  BACTERIA 


235 


parent  cell  are  not  to  be  regarded  as  antitoxin  ;  rather  the  contrary, 

for  they  serve  to  anchor  the  toxin  to  the  cell  where  the  toxoplifire 
group  is  in  position  to  injure  the  cell  (Fig.  H2.)  The  experiment 
quoted  above  showe<l  this  for  the  animal  treated  with  toxoid  de- 
veloped increased  vidnembility  to  toxin  (because  of  the  incn_^ascd 
n u m be r  o f  rece p to rs )  n nd  1 1 ad  n o  t ra ee  o f  a n ti to x i n  i n  i ts  b lof h L  It 
is  only  liaptophore  groups  that  are  free  in  the  cireulation,  and 
therefore,  capable  of  fixing  toxin  and  keeping  it  away  from  the 
cells  that  constitute  antitoxin. 

6.  Baeterml'Immiinit}/, — The  application  of  Ehrlich's  theory 
to  the  phenomena  of  bacterial-immnnity  is  quite  as  witivsfactory 
as  it  is  t4>  the  iV*rraatiou  of  antitoxins.  When  a  bacterium  is 
introdueetl  into  the  bo«ly,  the  problem  of  the  defence  of  the  organ- 
ism against  the  invading  bactcriuui  ts  mucli  more  complicated 
than  that  of  tlie  dt?fi:nce  against  a  toxin,  because  tlie  bacterium 
contains  a  variety  of  sulKstanceSj  such  as  it.s  [irotein,  various  fer- 
ments, and  even  siwx-ifjc  toxin^s  elaborated  in  tlie  cidture-uiedium, 
and  after  its  introduction  into  the  animal  organism  more  toxin  is 
elaborated.  In  ecKisetpit'uce,  thf  d*^fenee  of  tiie  animal  orgiintsin 
against  the  bacterium  is  a  complicated  one»  involving  formation 
of  antitt)xin  and  other  antagonistic  bodies,  including  those  which 
attack  the  ijaeterium  itS4*lf  in  contnidistinetion  to  the  proilucts 
of  the  baeterium.  The  <lefeust*  against  the  bacterium  is  the  proc- 
ess that  has  l>een  refcrre^l  to  previousiy  in  describing  Pfeiffer's 
phenomena  of  bae tenolysis.  Tins  process,  aeeonling  to  Ehrlich's 
investigations,  is  pmetically  identical  with  that  of  hemolysis, 
or  destruction  of  red  corpuscles,  which  cx-curg  when  the  bkiocl 
of  one  animal  is  injected  into  another,  or  when  ceiiain  henio- 
U'tic  agents,  like  snake-venom,  are  intrrxluecd  into  the  bltK»d. 
As  the  stuily  of  the  heuiolysis  is  pmetically  much  easier  than  that 
of  Imeteriolysis,  tlie  theory  was  elaborated  on  the  basis  of  experi- 
ments in  hemolysis,  and  twii  distinct  substances  or  bodies  are 
involved  in  the  process.  One  of  these  Ehrlieli  formerly  desig- 
nated as  the  Intrnnedtartf-bofJt/  in  the  ease  of  liemolysis,  or  the 
immHHr-hoffj/  in  the  case  of  bacterial -immunity  ;  the  second  is  a 
coniplenientary  body,  and  is  ilesiguated  the  comjffemenL  The 
intermediary-body,  or  immune-body,  is  a  product  of  cell  acti\^ty 
under  the  intlueuce  of  infect  ions,  toxic,  or  other  agencies^  which 
in  set  fn*e  in  the  same  manner  as  is  the  haptophore  group  or  re- 
ceptor in  the  case  of  antitoxin  formation.  It  has  two  haptophoi-e 
groups — one  having  affinity  for  the  complement,  and  therefore 
*  designated  mmpk'mentophifh:  ;  and  the  other  having  affinity  for  the 
bacterium,  red  corpuscle,  or  other  cell,  and  therefore  designated 
etftophilic.  On  account  t>f  this  possession  of  two  haptophore  groups 
Ehrlich  has  lately  designated  the  intcrmediary*body  by  the  term 
nmboceptnr.  It  is  a  stable  substance,  not  influenced  by  moderate 
heat.     The   complement^  on    the   other    hand,  is  a    ferment-like 
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body,  and  is  a  constituent  of  normal  blood-plasma.  Its  ferment- 
like character  is  evidenced  by  its  ready  destractibility  by  heat 
(55^  or  56^  C.)  The  complement  is  probably,  in  a  great  meas- 
ure, derived  from  the  leukocytes.  Without  the  complement  the 
amlxx:*eptor  is  a  harmless  substance,  and  without  the  amboceptor 
the  complement  cannot  affect  the  cells  (bacteria,  red  blood- 
corpu&^:les,  etc.).  The  cytophilic  group  of  an  amboceptor  is  more 
or  lei^s  specific,  so  that,  imless  the  recept<»rs  (haptophore  groups) 
of  the  bacteria,  red  corpuscles,  etc.,  are  homologous  with  the 
cytophilic  haptophore  of  the  amboceptor,  and  the  complement  is 
homologTiUs  with  the  complementophilic  haptophore  of  the  amho- 
cffptor,  the  three  elements  cannot  be  brought  into  relation — in 
other  wonls,  the  amboceptors  and  complements  are  more  or  less 
F?pef;ifie  and  must  be  homologous  with  the  receptive  haptophores 
or  receptors  of  the  cells.  There  must,  then,  be  a  great  many 
varieties  of  receptors — perhaps  hundreds  or  thousands — in  order 
to  fix  the  equally  numerous  varieties  of  amboceptors,  and  the  same 
is  doubtless  true  of  the  complement.  Various  substances  doubt- 
less act  as  complements.  Thus  in  experiments  on  snake- venom, 
Kvi's  found  that  lecithin  is  the  complement. 

Tlif  l^acteriolysin  of  Buchner  called  by  him  aleorin  is  according 
to  nr<x*nt  views  a  compound  substance  one  part  being  the  ambo- 
ceptor, the  other  the  complement. 

Expfanation  of  Pfeiffer^s  Phenomenon, — The  phenomenon  of 
Pfeiffer's  bacteriolysis  may  be  explained  in  the  following  manner: 
NVImh  a  bacterium,  with  a  quantity  of  immune  serum,  is  intro- 
'liic<,'d  into  the  peritoneal  cavity  of  a  non-immunized  animal,  am- 
\nH'jt])t<)T^,  df-rived  from  the  immune  serum  attach  themselves  to  it 
TIh'  complement  (ly.sin)  present  in  the  |>eritoneal  fluid  then  be- 
comes anchored  to  the  complementophilic  haptophore  group  of  the 
amlMK'<|)tor,  and  in  this  jx)sition  is  able  to  bring  about  the  solution 
of  {\n'  \}ii('U'num  and  its  destruction.  The  phenomena  of  hemo- 
lysis may  br-  explained  in  the  same  way :  the  aml>oceptor  first 
attarjio  itsflf  to  the  rod  corpuscle,  and  the  complement  (hemo- 
lysin; in  turn  attaches  itself  to  the  amboceptor. 

The  nicfssity  for  two  bodies  in  the  production  of  these  phe- 
nonii-na  lias  been  tliorou^dily  demonstrated.  It  is  known  that 
••enim  eapai*lc  of  phmUkmii^  Pfeitfcr's  phenomena  in  vitro  loses 
tlii-  |K»\ver  when  sul>jecte<l  lor  a  certain  length  of  time  to  heat  or 
?-iinli^Hit.  A  prompt  restoration  of  the  ]>ower  follows  the  addition 
of -mall  quantities  of  normal  (uiiheated)  serum  of  the  same  animal 
ujK'eieu.  This  proves  that  a  ferment-like  body  (destroyed  by  heat) 
is  a  necessary  factor,  and  that  this  ferment  is  present  in  the 
normal  nerum  of  the  animal.  The  importance  of  the  complement 
has  been  further  <lemonstrated  by  the  formation  of  anticoraple- 
ments,  which  are  capable  of  combining  with  it  and  thus  stopping 
its  motion.     When  the;  anticomplement  is  withdrawn,  the  comple- 
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mcut  is  again  eapal>le  of  o{>emtiiig.  In  a  similar  manner  anti- 
ainljoeeptors  have  bet-n  pruclncudt  and  have  .sometimes  heeii  found 
in  the  blocHl  of  nnrnml  animals. 

The  following  scheme  represents  graphically  the  relatit>ns  i)f 
the  amlxx'eptor  and  complement  to  the  cell  and  tlie  possihilitie?i  of 
various  anti-bodies  such  as  the  anticymplement  and  antiambo- 
cepti^r : 


The  following  tables  (modified  fnim  Miiller)  will  show  in  a 
condensed  form  the  varieties  t>f  immunity  detailed  in  the  foregoing 
paragraphs : 

A  n  tUoxic  Im  m  un itu, 
h  Cellular. 

A.  Lack  of  appropriate  receptors. 
(si)  congeiiitiil 
(b)  acquired  (loss  of  the  receptors) 

B.  Lack  of  susceptibUity  to  the  toxophore  group 
of  the  toxin. 

(ii)  eon  genital 
(b)  iict|uired  (?) 

C.  Attachment   of  the   toxin   tu   insusceptible 
tissues, 

ill)  congenital 
b)  acquired   (development  of  new  re- 
ceptors in  in»mceptible  tissues) 

IL  HematogeDic* 

A.     Acti\*e 

(a)  manifest  form  (abnndance  of  anti- 
toxin in  the  blood) 

(b)  latent  form  (no  antitoxin  present  but 
capaiity  for  making  it  quickly 
and  abundantly) 
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B.    Ptosive, 

Antitoxin  is  introdnced : 

(a)  through  the  placenta  to  the  fetus. 

(b )  milk  to  the  nursling. 

(c)  by  direct  injection. 

Amtibacterial  Jmmymiijf. 
L  Xaxnral  (congenit&l  • 

a.  The  animal  organism   is  an  unsuitable  me- 

dium for  the  growth  of  the  bacterium. 

b.  The  organisms  are  destroyed  at  the  point  of 

infection  by  amboceptors  and  compl^nents 
Bacteriolysis). 

c.  Amboceptors  present    but    no  complements. 

The  latter  are  supplied  by 

1.  increase  supply  of  tissue  fluids 

2.  advent  of  wandering  cells. 

d.  Complement    present    but    no    amboceptom 

The  latter  are  supplied : 

1.  locally 

2.  by  the  lymphoid  blood-making  orrans. 

e.  Phagocytosis  and  intra-phagocytic  bacterioly- 

^is. 

U.  Aniioially  Increased  but  not  5?pecific  (Piseudo  im- 
iL'.ijii:y  .  Injection  of  irritating  substances  which 
^:a:is^  local  acctimulation  of  phagocytes  and  bac- 
>riolysins. 

IIL  V^tnrilly  acquired  specific  immunity. 

IV.  Ardficaliy  acquired  specific  immunity. 

a.  Active  Immunity. 

1.  Abundant  presence  of  specific  ambo- 

ceptors in  the  blood  and  ttsHie  flnkk. 

2.  No    performed    amboceptors    bat    ui- 

creased  capacity  to  manufiicture  such. 

b.  Pasfiive  Immunity. 

«>pecific  amboceptors  in  the  blood  tderived 
from  another  animal). 

¥l\r/y':.'^  :h*<jr\-  al^o  explains  certain  pnicesses*  soch  as  agglati- 
r:i*'  •;..  ir*ii;:pitation.  c\tolysis,  etc.,  which  an?  noc  actively  cim- 
'■-rr.^^i  .:.  ::.*:  pfi*-n<imeiia  of  immunity,  but  may  be  refrrrcJ  to  in 
■*  *  ;.:>>:     .'.  lififfiinx  of  their  illustrating  the  af^iUcaiioos  ot  the 

AtCVTtrractioii. — Bacterial  agglutination  ( Pfeiffer-Gniber-Dar- 
:^<  '■-  :oi^'.f,vrry/ri  i*  #'xplained  by  Ehrlich's  thei»ry  5«^mewhat  in 
'li'  •Ji.ij*:  viv  2l.  \fii('Ur\c)\\'T\<  and  hemolysis*  In  the  case  of 
aiijT-.nlrif.^.'f. .  ':.oyk''\f'T.  there  is  but  one  agent — a  liberated  ambo- 
'^;i:',»r.  :^tv.:,.ij  a  haptophore  group,  which  attaches  itself  to  the 
\ski*'\.^rvjn> ,  i.vi  a  zymophore  group,  which  plays  a  part  similar  to 
that  of  t:j^  'f.<s.\,\t'mf:T\X  in  l»acteriolysis  (Fig.  Sl,  II  dL  It  differs 
fn.mi  tli^r  'r.f:.i^,*-rri*-nt,  however,  in  that  the  zymophore  groap  is 
an  ijuiegra]  yi^T'^  of  the  amboceptor,  and  not  a  separate  loly,  whkh 
attache^  \x^\{  */,  the  latter.  A  serum  which  has  the  prp^erty  of 
agglutiimtiii^  t:i*-  \Afrif:nsL  of  a  certain  disease  (ase.^^  typiwrf  fevwr^ 
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contains  liberated  amboceptors  that  were  set  free  by  the  cells  of 
the  body  and  that  hiive  the  property  of  attaching  themselves  to 
the  specific  bacteria  concerned  in  that  disease*  When  so  attached, 
their  ferment-like  group  or  zymophore  group,  which  is  the  active 
agent,  produees  agglutination.      (See  Typhoid  Biicilhis.) 

Precipitm. — Tlie  phenomena  of  precipitiitioii  of  varioiie  sub« 
stances  tiiat  have  been  introdueed  into  an  animal  organism  by  the 
action  of  serum  derived  from  the  blood  of  sueh  animals  liave 
l>een  ascribed  to  speeiiic  **  precii»itin8."  Thus,  when  the  bhxKj 
of  liuman  beings  is  repeatedly  intrtxluced  into  the  peritoneal 
cavity  of  rabbits,  tlie  raljbit-serum  aetpiirt^s  the  property  of  pre- 
cipitating human  hlo*>d.  When  the  blood  of  several  animals  in 
succession  is  introdnred  into  an  animal  of  a  different  species  fn>m 
each  of  these,  it  is  found  that  the  preeipitiition  is  a  speciiie  process, 
since  the  8|3ecific  power  to  precipitate  the  bkxxl  of  each  of  the 
specMCs  employee  1  can  be  successively  demonstrated.  Wlien  albu- 
minous lifjuids  or  such  a  complex  mixture  as  milk  is  introduced 
into  animals,  the  bloo+l-sonnn  uf  tht*  animals  acquires  the  property 
of  precipitating  the  albumin  used  (>r  the  milk  {easeiii).  This  and 
other  experiments  show  the  wide  nuigt*  of  applicability  of  the 
principle  of  preeipitation.  Elirlieh  explains  the  |mtcess  of  precipi- 
tation in  the  same  way  as  thai  of  agglutiuatiou,  liy  the  assumption 
that  araboeeptors  carrying  hapt^>pliore  groups  with  an  afBnity  for 
the  j>red|jitabk'  body  are  set  free  in  the  sernm^  and  that  asso- 
ciatetl  as  an  integral  jiiirt  of  these  amboceptors  are  zymophore 
groups  capable  of  producing  the  phenomena  of  precipitation  or 
agglutination.  The  zymophore  gnni|)s  are  destructible  by  heat, 
though  the  degree  of  heat  is  mucli  higher  than  that  required  to 
destroy  the  complements  eoneernetl  in  bacterial  destruction  and 
hemolysis. 

Cytoly Bin.— Injections  of  emulsions  of  various  cells  into  animals 
have  been  fouu<l  to  generate  destruetive  substances  in  the  serura 
of  the  experimental  animals.  These  destruetive  Ixxlies  are  speeific 
for  the  cells  used  iu  the  experiment.  Thus  spermatolysin,  epi- 
tludiolysin,  and  hepatolysiu  are  substances  whicli  will  eause 
destruction  of  spermatozoa,  epithelia,  and  hejtatie  celJs  res|>ec- 
tively.  The  phennmena  involved  in  soeh  cytolysis  are  closely 
allie<l  with  those  of  bacteriolysis  and  hemolysis^  but  require 
further  study. 


DISEASES   DUE  TO  BACTERIA. 

The  bacterial  diseases  form  a  large  and  increasing  group.     In 
jme  cases  it  has  been  shown  by  the  positive  application  of  KcK.'lrs 
^iles  (see  page  31)  that  the  suspected  micro-organisms  are  the 
actual  causes  of  the  diseases  under  consideration  ;  in  more  numer- 
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<«§  i]k«taiK«s  all  of  die  mlcs  caniMC  be  ^iplied,  bat  otber  < 
eia&CA*  ;p>  ^u-  u> vanJ  egtabli4iinfr  the  g|ieqlic  natore  of 
uattenk :  in  sdll  <:Hfaer  case?  tbe  evidence  vrnmn^  a  stni 
<rv>o  of  the  ftttbr^p^nicrrr  of  bacteria  found  in  eoonectioQ  vitli  cer- 
tain dis«L9<bs.  bat  there  i*  nothing  approaching  actnal  demoiKtiatkn. 
DirisoD  of  inCwtioos  diseases  into  those  of  cenain  and  thoee 
of  anccTtain  faacteriologv  must  cao^e  difference^  c*f  opinion.  It  is 
adopted  oolj  for  coarenience.  the  merits  of  each  individod  case 
b»n?  coQssderevi  in  the  discossion  of  the  individual  diseases. 


DISEASES  OF  CERTAIN   BACTERIOLOGY. 

SUPPL-RATnE  DISEASES. 

Definiticm. — Und^r  this  bending  we  include  for  the  present 
varioa=  f^>nns  of  suppurative  inflammation^  such  as  funincnloeis, 
ab=r:«::^:r-K>rmation.  and  allied  diseases,  like  oeteomvelitisw  endocar- 
ditis, cellulitis,  etc.     . 

Stiology. — ^Xomerous  organisms  have  been  found  to  have 
the  power  of  prodocing  suppuration.  Amoi^  these  the  staphvlo- 
coccus  group  is  most  important.  The  Streptococcus  pyogenes  seu 
ervsipeiatis  is  alsri  of  great  significance :  less  fineouentlv  the  IHp- 
krtoccus  pneumanis.  the  Pneumobacillns  of  Friealander,  the  Bm- 
cilia*  pvoryaneur.  tbe  typhoid  bacillus,  the  Bacillus  eoli  communis 
or  tbe  Bacillus  pyogenes  fcetidus.  the  gonococcus.  and  others. 
Som^  caries  of  suppurative  disea:!e  are  due  to  a  single  organism ; 
in  many  there  is  double  or  multiple  infection. 

1.  The  Staph^ococcns  Groop. — Among  these  have  been  de- 
scribed three  important  forms,  the  Staphylococcus  pyogenes 
aureus,  albus,  and  citreus. 

The  Staphylococcus  pyogenee  aureus  is  a  minute,  rounded 
body  aiffrnt  0.5.  to  1  u  in  diameter,  having  no  motility  and  not 
formine  ^po^es.  When  found  in  the  tissues  the  cocci  are  apt  to 
be  a'^-sociated  in  clusters,  whence  the  term  staphylococcus  (Fig.  84). 
Sometimes  they  are  grouped  in  pairs,  and  may  thus  present  a  re- 
semblance to  gonococci.  The  opposed  surfaces,  however,  are  flat 
instead  of  concave,  as  is  the  «^se  with  the  gonococci.  The 
staphylococcus  may  be  stained  with  onlinary  anilin  solutions  anc 
is  beautifully  demonstrated  by  Gram's  method.  Cultures  arc 
easily  obtained  upon  the  ordinary-  media.  The  most  characteristic 
gro\ith  is  that  upon  agar.  Along  the  line  of  inoculation  a  moist  • 
colf»ny  develops,  with  at  tirst  a  whitish  but  soon  an  orange-yellow 
CTilor.  The  gro^^-th  in  gelatin  causes  rapid  liquefaction  and  the 
precipitation  of  orange-yellow  particles.  The  growth  Ls  best  ob- 
tained at  oven-temperatures  (25°  to  35^  C.)  but  may  be  secured 
at  lower  degrees. 

Didribution, — The  Staphylococcus  aureus  is  frequently  found 
upon  the  skin  or  in  the  various  external  secretions  of  healthy  in- 
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divitluals*  It  does  not  seem  to  flourisli  anywhere  apart,  from  the 
I  bodies  of  man  or  aiiinials,  }>iit  may  remain  in  an  active  state  in  the 
'  dust  of  Rioms  or  upon  clothing  and  the  like.      It  lias  been  found 

in  various  lesions  of  the  body ;  notiibly,  however,  in  furuncles,  ab- 


Fio.84,— SUipbylococcu*  pyogenes  mlbuj  (Jakob). 

Boesses,  and  earbuneles,  and  in  ulcerative  ennditious  of  t!ie  exterior 
or  of  the  raucous  membnuies.  It  Ls  also  frequent  in  internal  suppu- 
rative inHammations,  such  as  malignant  endix^arditis,  osteomyelitis, 
appendieeal  abscesses^  etc.  In  many  of  these  lesions  other  organ- 
is  ras  may  be  associated. 

Pathniofjie  Phfinffihf/}/. — ^Filtrates  of  the  cidtures  nm\  the 
bodies  of  the  stajihylococci  (killed  by  heat)  contain  highly  toxic 
substances  capable  of  pnxhicing  intense  infJammations  and  sup* 
puration.      Certain   of  their    pro<lucts  are    markedly   hemolytic. 

When  injeetcd  into  tlie  subcuhnicous  tissue  the  ,stiiphyloct>L'eu8 
produces  local  effects.  The  orgiiuisms  nuiy  become  liljcrated, 
gain  cutmneu  to  tlie  eireulatinn,  ;uid  prothiee  widesprea<l  results; 
but  it  do€8  not  seem  to  produce  extra  cellular  toxins  that  cause 
generab'zed  results*  The  effects  of  tlie  staphyloeoeeus  seem  to  be 
due  ratlier  to  a  certiin  poisonous  body  contained  in  the  organism 
itself.  This  has  been  termed  the  bacterial  jirotein,  and  it  has 
been  thought  to  belong  to  the  group  of  alkaline  albuminates. 
This  body  ljy  its  chemotactic  effect  causes  the  leukocytic  aceinuu- 
latious  found  in  suppurative  inflammations.  The  staphylococcus 
also  leads  to  liquefaction  in  the  tissues,  as  in  gelatin^  luit  whether 
directly  or  through  tlie  accumulation  of  botlies  derived  tmm  leu- 
kocytes is  uncertain.  The  defence  of  the  orgunism  against  the 
staphyliX'occus  is  partly  median ical  and  partly  vital.  Tin'  leu- 
kocytes probably  engli»be  a  certain  number  of  organisms  and 
cause  their  destruction,  while  stjluble  bactericidal  bodies,  seem  to 
be  produced  in  the  course  of  the  infection.  These  have  Ireen 
termed  alexins  (see  Immunity.) 


242  TEXT-BOOK  OF  PATHOLOGY. 

Pathogenicity. — When  virulent  cultures  are  injected  into  ani- 
mals, abscesses  are  produced  and  a  fatal  termination  may  follow. 
In  the  latter  cases  diffusion  through  the  blood  is  found,  and 
infarcts  of  the  kidneys,  lungs  and  other  organs  caused  by  bacterial 
emboli  are  discovered.  Multiple  abscesses  may  be  seen.  The 
organism  readily  loses  its  virulence,  as  in  the  case  of  those  found 
upon  the  skin  of  healthy  persons  and  in  other  accidental  situations. 
When  rubbed  in  a  virulent  state  into  the  skin  of  man  it  produces 
abscesses  or  boils. 

Staphylococcus  PyogeneB  Albus. — ^ThLs  organism  Ls  practi- 
cally identical  with  the  last-named  in  morphology,  but  in  culture 
produces  a  w^hite  instead  of  a  yellow  growth.  It  has  been  found 
as  a  frequent  harmless  parasite  of  the  skm  (Staphylococcus  epiderm- 
idis  albus  of  Welch).  It  occurs  in  abscesses  and  various  suppu- 
rative diseases,  but  rarely  alone.  As  a  rule,  it  is  associated  with 
the  golden  staphylococcus  or  other  organisms.  It  is  distinctly  less 
virulent  than  the  aureus. 

Staphylococcus  Pyogrenes  Gitreus. — ^This  form  is  the  least 
important  of  the  three.  It  is  not  so  common  and,  as  a  rule,  less 
virulent.  It  differs  in  the  brilliant  lemon  color  obtained  upon 
culture  in  various  media. 

2.  The  Streptococciui  Pyogenes  sen  Erysipelatis. — Under  the 
name  fdreptococcas  are  included  various  spherical  bacteria  which, 
as  a  rule,  divide  only  in  one  plane  and  form  chains  of  varj-ing 
length.  The  different  forms  resemble  each  other  so  closely  that 
tamie  authors  group  them  all,  including  the  Micrococcus  or  Strep- 
t4>cocru8  ])iicurn()niae,  under  one  general  head.  The  latter,  however, 
h>eeiii8  sufficiently  differentiated  to  merit  separate  classification. 

TJie  Streptococcus  pyogenes  was  first  studied  by  Rosenbach  in 
(^ses  of  suppuration.  A  similar  organism  was  afterward  described 
as  tlie  Streptococcus  erysipelatis  by  Fehleisen.  It  would  seem, 
h(jw<fvc*r,  that  these  two  organisms  are  identical.  At  all  events, 
iUcrt*  are  no  distinguishing  features  which  we  can  point  out.  The 
strept^)coccus  is  a  small  spherical  organism  of  variable  size  (0.5  to 
1  //  )  frequently  associated  in  chains  of  from  three  to  twenty  or 
more  individuals  (Fig.  85).  Not  rarely  it  occurs  in  diplococcus 
form  (as  pairs).  It  is  easily  stained  with  ordinary  anilin  solution 
or  by  (iranr.s  methcKl.  the  eoc^i  are  not  motile.  Spore-for- 
mation has  not  been  observed,  but  occasionally  in  chains  one  of  the 
individual  members  is  larger  than  the  rest,  suggesting  arthro- 
sjxires.  lTjK)n  artificial  media  sciuitv  but  rather  characteristic 
growths  arc;  obtained.  On  the  gelatin  plate  there  are  formed 
small,  translueent,  whitish  or  yellowish  colonies  of  irregular  out- 
line. The  gelatin  is  not  lifjuefied.  Upon  agar  a  verj'  thin,  trans- 
parent growth  forms  around  the  line  of  inoculation.'  It  consists 
of  separate  colonies  which  do  not  become  confluent  In  milk  the 
growth  is  usually  abundant  and  attended  with  lactic  acid  for- 
mation  and  coagulation  of  the  casein. 
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The  dwlribuHon  of  the  .streptococxjus  is  much  the  same  as  that 
of  the  staphylococei,  though  it  is  less  commonly  discovered  about 
tbe  healthy  body.  It  may,  however,  be  foimd  upon  the  mu- 
cous meml>ranes  or  in  the  various  i^x^retions  or  cxeretions  of  the 
body.  It  is  probably  a  strict  parasite,  multiplying  only  within 
the  living  organism. 

In  disease  it  has  been  fonnd  in  various  forms  of  snppurationj 
such  as  phlegmonous  forms  of  inflammatioo  of  the  subcutaneous 
nr  siAmucons  tis^sues,  either  alone  or  in  association  with  other 
organisms.  It  r^ccun?  occasionally  in  fix;al  suppurations,  such  as 
abscesses,  though  these  are  more  commonly  due  to  staphylococci 


Flo,  85.— Strt'ihtiHOcriis  pyogenes  (Jftkob). 

alone.  The  streptncocens  occurs  at  limes  in  uh_*erative  endocar* 
ditis,  not  nirely  iu  infectious  endometritis  and  in  goueralizcd  ^ep* 
ticopyeniia,  Streptocin'cic  inflammations  of  tlie  thrnnt  are  of 
great  interest.  They  ninv  i>ccur  in  persons  previously  in  good 
health,  or  in  the  cours<^  of  infectious  dispases,  like  scarlatina, 
meask'S,  or  influenza.  To  tlie  clinician,  tlic  resulting  It^sion  may 
he  indistinguishable  troiii  that  of  diplitherin  ;  baetcriolngic  exami- 
nation alrme  serves  to  establish  tlir  diagnosis.  The  streptococcus 
is  found  in  all  cases  of  erysipelus,  in  the  tissues  and  in  the  serum 
or  other  exudations. 

Paiholoqic  Plufaiolofjy  and  Pathogpfimiii.— The  streptoerM?cus 
wcmlil  seem  to  be  more  active  in  the  pnxluction  of  soluble 
toxins  than  the  staphylococci.  The  toxhi  has  been  made  by  inocu- 
lating small  quantities  of  bouillon  witli  virulent  eoeci,  allowing 
these  to  grow  for  seveml  weeks,  and  then  destn^ying  the  orgjinisms 
by  heat.  The  injection  of  the  toxins  thus  prrKluctHl  leads  to  local 
and  general  reaction.  While  there  is  a  certain  amount  of  this 
extra-eel  hilar  toxin  it  seems  that  most  of  the  toxie  sulistances  of 
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streptococci  are  embodied  in  the  micro-organism  itself.  In  vinilenl 
cultures  actively  hemolytic  bodies  are  often  frequent  and  certaii 
streptococcic  infections  in  man  are  attended  with  hemorrhages  and 
evidences  of  hemolysis. 

Injected  into  animals  (intravenously)  virulent  streptococci  may 
occasion  septicemia  but  it  is  notoriously  difficult  to  obtain  cultures 
of  great  violence  and  the  succeeding  generations  soon  lose  their 
power.  White  mice  and  rabbits  are  the  most  susceptible  animals. 
Subcutaneous  injections  may  cause  abscesses  or  erysipelas. 

A  single  attack  of  erysii>elas  or  streptococcic  infection  confers 
no  immunity  on  man  and  similarly  one  inoculation  occasions  no 
immunity  in  animals.  By  rc()cat(nl  injections,  however,  an  anii- 
streptorocciis  aerum  of  some  potency  has  been  obtained.  Recent 
studies  show  that  more  satisfactory  practical  results  may  be  obtained 
when  the  antistreptococcus  serum  has  been  prepared  with  a  strain 
of  organisms  similar  to  that  present  in  the  case  under  treatment. 
For  this  reason  mixtures  of  serum  ]>repared  with  several  strains 
are  used  (ix)lyvalent  sera)  so  that  in  a  clinical  case  (because  of  the 
difficulty  in  distinguishing  various  strains)  a  specifically  active 
anti-senun  may  be  administered. 

Streptococcus  intracellalaris  meningitidis  (Weichselbaum). — This 
organism,  also  called  vienvu/ococcu^  or  Diplococciis  nienijif/itidkyU 
found  in  the  meningeal  pus,  nasal  mucous,  sputum,  and  urine  of 
I  :   I  individuals  affecteil  with  epidemic  cerebrospinal  meningitis.     This 

■  micro-orgjinism  in  some  resi)ects  resembles  very  closely  the  Pneu- 

i  '   I  mocxKJCUs  or  Streptococcus  lanceolatus  and  in  its  form  and  intra- 

p  I  cellular  cxxjurrence  still  more  closely  the  gonococcus. 

The  oi^anism  appears  as  a  biscuit-sha|>ed  diplococcus,  bui 
sometimes  as  tetrads  or  in  clumps,  a!id  occasionally  as  short  chains 
i!i  which  the  line  of  cleavage  between  the  diplococci  is  in  the  same 
direc^tion  as  that  of  the  chain.  The  organism  is  Gram  negative, 
but  is  easily  staimMl  with  Ijoffler's  methylene-blue.  Some  authors 
claim  that  it  may  be  Gram  i)ositive,  but  such  forms  are  probably 
otluT  associated  micrococci. 

In  the  meningeal  exudates  it  is  usually  found  within  l)oly- 
m()r|)lionucelear  leukocytes  like  the  g<mococcus.  Some  have 
described  its  occurreiKH?  within  the  cellular  nuclei ;  this  is  doubt- 
Hi  '"'• 

It  grows  well  at  37.5®  (\  on  blood-agar,  serum-agar  and  plain 

agjir.  ( )u  the  latter  there  apjx'ar,  in  48  hours,  flat,  grayish-white, 
faintly  gnuiular  and  viscid  colonies  that  do  not  coalesce.  On 
blooil-agjir  the  colonies  are  more  luxuriant. 

T1h»  cultures  may  live  for  w(M»ks  but  often  die  in  a  few  days 
and  thcrcfon*  recjuire  fnM|uent  transplantation. 

l>isfrlbntlon, — The  meningococcus  is  found  in  the  sero-puruleni 
exudate  of  epidemic  cerebrospinal  meningitis  and  is  readily 
demonstrated  in  the  fluid  obtained  by  lumbar  puncture.     It  has 
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frecjuently  been  foiiuil  in  the  nasal  mucus  wf  patients  6ufleriiig 
tW>iii  the  di,seaR*  aud  iu  ht'iihhy  individuulft  iiHire  or  less  closely 
a^HX'iat^^d  witii  the  patient.  The  iisMunption  is,  that  the  meningeal 
infection  tjccurs  by  passage  of  the  or^i^an  isms  frurii  tlie  nose  or  sinuses 
adjacent  to  the  meninges  througli  the  lyniph  channels.  Recent 
experiments  seem  to  indicate  tlxat  the  organisms  may  tnivel  in  the 
opposite  direction  for  in  monkeys  infected  by  intradural  in^>eu- 
lation,  tiie  orgauisnis  were  found  in  tlie  nasal  cavities  after  a  short 
interval.  Organisms  r^^st^nd)lillg  tlie  nieningococcns  and  probably 
actuid  meningofocei  have  Inen  found  in  the  hings  in  eases  of  bron- 
chitis and  pneumonia  complif*ating  epidemic  meningitis.  The 
raeningocoeeus  has  been  found  in  the  blood  in  10  of  40  cases  of 
the  disease  (Elser), 

Pathologic  Phtfswloffif  and  Pfifho(/eiie8w. — Large  subcutaneous 
injections  may  cause  death  ant!  intrapleural  and  intraperitoneal 
injections  may  kill  animals  ami  cause  a  fibri no-purulent  inflam- 
mation of  the  serous  luemljrane.  Subdural  inoeuhition  (spinal  and 
cerebral)  in  dogs  and  monkeys  have  caused  lesions  identical  with 
those  found  in  man. 

Ofha*  On/anhms  in  Menm^iiiK^-The  pneumococcne,  strep- 
toeo4"cus  pyr>gcnes,  staphyloeo<'ens  pyogenes^  typhoid  and  colon 
bacilli,  influenza  bacillus  and  less  commonly  some  other  forms 
have  been  isolated  in  cases  of  primary  meningitis  or  meningitis 
secondary  to  infection  elsewhere. 


Other  OrganiBms  of  Lesser  Importance* 

The  BaeiiiiiS  pyocyaneu*  is  an  occ-aaional  pathogenic  org-aniam  found  ia 
pus  having  a  bluish  or  greenish  color.  The  baeiTluH  i^  small  in  aize^  fre- 
quently occurring  in  chain-formation »  and  is  actively  motile. 

Upon  artificial  media  it  produces  colored  growths  and  n  soluble  pig- 
ment, which  gives  to  the  culture-niediuui  for  some  distance  from  the  growth 
s  greenish^  or  in  some  cases  a  dark-blue,  coloration.  The  organism  in 
pure  culture  in  highly  virulent,  producing  intense  suppurative  mflamma- 
tiona.  Occasional  instances  of  general  pyocyaoeuB  infection  have  heen 
observed. 

The  opgaiiisin  acts  destructively  upon  other  bacteria  so  that  a  fatal 
do»e  of  Bariifm  artthrfieij*  may  he  rendered  innocuous  by  the  s«iniultaneou» 
injection  of  /?.  ptjortjauene.  The  destructive  efTect  ban  been  dtmonstratefl 
in  vitro.  It  8eem«  dependent  on  ferments  sw  well  as  intracellular  substances 
contained  in  the  bacillus. 

The  BaeiUuM pijofftntA  ftrtidw^  is  probably  identical  with  the  Bacillus  col i 
communis,  or  is  at  least  a  clone  relative.  These  organiamM,  as  well  as  the 
typlioid  bacillus,  the  Diplococcusoneumoniie,  the  Diplococcus  meningitidis, 
and  the  Pneumobacillus  of  Friealander,  any  of  which  may  excite  suppur- 
ation, are  referred  to  elsewhere. 

Micrococcus  Tttragenus, — ^This  form  is  a  micrococcus  from  I  to  2  /j  in 
diameter,  and  receives  its  name  from  the  peculiar  association  in  groups  of 
four.  It  occure  in  the  sputum  and  contents  of  cavities  in  pulmonary 
phthisis^  and  occasionally  elsewhere.     It  may  give  rise  to  general  sepsis. 

BaeiUm  LacHs  Mro^fnei. — This  organism  resembles  Friedlander's  pneu- 
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mobacillus  quite  closely.  In  large  doses  it  occasions  suppuration  in  animal 
experiments,  while  in  man  it  has  been  found  associated  with  purulent 
cystitis,  pyelitis,  and  pyelonephritis.  In  consequence  of  its  fermentative 
power  it  may  occasion  pneumcUuria, 

Micrococcus  caiarrhalU  is  a  micro-or^nism  found  by  PfeifTer  in  cases  of 
bronchitis  in  which  there  was  a  great  deal  of  expectoration,  and  in  which 
the  symptoms  resembled  those  of  influenza.  It  is  a  small  coccus,  usually 
occurring  in  diplococcic  form,  and  resembling  the  micrococcus  of  gonorrhea. 
It  often  IS  seen  within  the  pus-cells,  and  occurs  in  large  numbers  in  the 
sputum  and  nasal  secretion  of  individuals  suffering  from  bronchitis.  It 
does  not  cause  the  constitutional  disturbance  that  is  caused  by  the  bacillus 
of  influenza,  but  it  is  often  found  as  an  associated  infective  agent  in  cases 
of  pneumonia  due  either  to  the  Diplococcus  pneumoniae  or  to  the  bacillus 
of  influenza.  To  obtain  it  in  pure  culture  it  is  best  grown  on  blood-agar. 
It  grows  as  sharply  defined,  somewhat  raised,  granular,  yellowish,  non- 
transparent  colonies  on  the  surface  of  agar.  It  resembles  the  Staphylo- 
coccus pyogenes  aureus,  but  the  colonies  are  much  more  raised  and  haraer. 
They  can  be  picked  up  on  the  end  of  the  needle,  and  are  crushed  with  diffi- 
culty. The  needle  can  be  drawn  across  the  culture  without  destroying  the 
integrity  of  the  individual  colonies.  After  the  first  generation  the  micro- 
coccus grows  well  on  ordinary  agar,  but  it  must  be  transferred  every  three 
or  four  days  to  be  kept  alive.  It  is  decolorized  by  Gram's  method.  Its 
pathogenicity  is  as  yet  undetermined.  In  its  behavior  toward  animals  it 
resembles  the  bacillus  of  influenza. 

QONORRHEA. 

Definition. — Gonorrhea  is  an  infectious  inflammation  of  the 
urethral  or  other  mucous  membranes  due  to  a  specific  organism, 
the  Micrococcus  gmiorrhcece  or  gonococcus  discovered  by  Neisser  in 

1879. 


^ 


Fio.  86.— Pus  from  gonorrhea,  showing  gonococci  (Jakob). 

Etiology. — There  is  no  doubt  that  the  gonococcus  is  the 
specific  cause  of  gonorrhea.  This  organism  is  a  micrococcus, 
usually  arranged   in   pairs,   the  opposed   surfaces  of  each  being 
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slightly  concave.  This  arrangement  has  suggested  the  designa- 
tion **  biscuit-shaped  "  di|jkKxwH"Hs  (Fig,  86).  Sometimes  gnrtips 
of  fimr  or  more  are  found,  while  m  otiier  casi.'rt  the  coeei  ueour 
singly.  The  orginiisius  are  ubaiulant  in  the  pu.s  of  acute  g^iaiir- 
rlieaj  k*ss  abuudiint  in  advanced  stages,  in  tlie  [His  of  goncFrrheal 
sidpingitis  or  other  conditionH,  and  may  not  he  discovered  at  alL 
Tliey  generally  occupy  the  pus-i^ells,  lying  in  the  protoplasm, 
either  in  small  iniml>ers  or  so  abumhuitly  as  to  fill  the  cell 
uniformly.  In  tlie  tissues  the  same  iutnieellidar  position  is  usual, 
bat  here,  as  in  the  free  pus,  some  nrgauisms  may  generally  he 
fonml  between  the  eells.  The  gouoeo€eus  stains  readily  with 
ortlinary  solutions  of  anilin  tlyes,  and  is  readily  decolorized  l>y 
Gram's  method. 

Cultivation  nf  the  gonrmmx'us  is  diffinlt.  <iro\vths  may,  how- 
ever»  i)e  obtained  at  37°  (\  ufuju  ag-ar-agar  streaked  with  human 
blrM>»l  or  on  nnMli:i  prepared  from  hiimnn  aseitic  or  pleuritic  fluid 
or  allmmiuous  urine  Later  generations  may  grow  well  on  ordi- 
nary media,  but  nsnally  require  the  serujn  additions.  The  growth 
in  blooii-serum  consists  of  small  colonies  cif  grayish  color  that 
coalesce  au<l  form  a  fihn  on  the  surface  of  the  medium  ;  n round 
the  colony  may  generally  be  seen  an  irivgidar  ;iud  inconspicuous 
extension* 

The  gi^mococeus  eanuot  be  positively  distingnisbed  fiy  its 
morpbology  uor  by  the  iutracellular  position.  Other  organisms 
may  in  certain  stages  of  tlieir  growth  slmw  a  typical  bisiaiit-fonn 
(staplndococci  and  others)  ;  and  the  iutracclbdar  position  is  not 
tarely  assumed  by  a  variety  of  bacteria.  The  failure  to  stain  by 
Gnm^V  nietliod  and  the  failure  to  grow  ttu  ordinary  media  are 
strong  points  suggesting  the  gonocticcns,  Typii-al  cultures  alone 
settle  tlie  diagnosis.  A  number  of  orgmiisms  resembliug  the  gon- 
ococ<?us  wen*  found  by  Bnmrr*  in  the  vaginal  mncus.  The  Micro- 
coccus catarrhal  also  resembles  it  closely.  No  similar  micro- 
coccus lias  thus  far  been  found  in  the  nude  urethra. 

Pathogenicity,— It  has  been  demonstrated  by  direct  implanta- 
tion of  pure  colonies  upon  the  healthy  uretlim  that  this  organism 
will  cause  characteristic  gonorrhea.  Urethritis  may,  however,  be 
due  to  other  organisras ;  the  specific  form  termed  gonorrhea  is 
robably  always  due  to  the  gonoci)e<:;us.     Secondary  lesions,  such 

salpingitis,  oophoritis,  arthritis,  peritonitis,  conjunctivitis,  endo- 
carditis»  etc.,  may  alsd  be  due  to  this  organism,  no  other  form  of 
bacteria  being  present.  Sometimes,  however,  complications,  such 
as  periurethral  abscesses,  suppurative  adenitis,  etc.,  are  due  to 
secondan^  infections. 

Pathologric  Anatomy. — The  lesions  of  gonorrhea  will  be 
considered  elsewhere.  Suffice  it  to  ,say  in  this  place  that  the 
lor^uism  causes  suppurative  catarrh  of  the  mucous  surfaces  with 
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which  it  comes  in  contact.     There  is  abundant  cellular  exudation 
and  the  orgtuiisnis  tend  to  penetrate  deeply  into  the  ti^isue^. 

Pathologic  Physiology. — Gonorrhea  is  in  mo^  cases  a 
purely  local  disease.  Little  is  known  of  its  power  to  produce 
soluble  toxins*  The  effects  art*  probably  due  to  an  intracellular 
toxin.  The  distant  lesions  are  in  all  cages,  as  £ar  as  we  definitely 
know,  dependent  u[X)n  deposit  of  the  specific  organism.  These 
have  been  found  in  the  effusions  of  arthritis  and  in  the  vegetations 
of  gonorrheal  endocarditis,  as  well  as  in  tlie  blood  in  the  last  named 
condition. 


CROUPOUS  PNEUMONIA. 

Definitioti,^ — There  are  a  number  of  forms  of  inflammation 
of  the  puhnonary  tissues  to  which  the  term  pneumonia  is  appli* 
rable.  The  most  definite  form  of  disease  is  that  s{x»ken  of  as 
croupous,  fibrinous,  or  lobar  pneumonia.     In  its  typical  form  this 


FlO,  8B^a.— DI|>loeocci:i^  ^  n< 


'>ni:T-  ill  the 


kd  »ndPfei<^r). 


is  a  specific  and  w^ell  characterized  disease.  It  is  infectious,  more 
or  less  cniitagiou-s  and  caused  by  a  specific  organism, 

Etiology. — The  organism  most  frequently  found  in  the  lung 
in  croupous  pneumonia  and  donbtle^  the  specific  cause  of  the  dis- 
ease in  such  cases  is  the  Diploc^oceus  pneumonict.  It  is  less  regal- 
ia rly  the  etiologic  agent  in  broncho-pneumonia  and  atj^iical  pneu- 
monias, but  even  in  these  cases  it  is  found  more  frequently  than 
other  liacteria. 

The  organism  is  also  called  the  pneutmiCCHyni^^  the  IHerwoeem 
lanceofahtSy  and  sometimes  the  SlreptococcuJi  pnntmonkt  »m  hncfO- 
lotus.  The  diplocoecus  of  pneumonia  was  recognized  in  the  saliva 
of  healthy  persons  by  Sternberg  and  Pasteur^  but  its  idalioo  to 


BACTERIA  AND  DISEASES  DUE  TO  BACTERIA. 


249 


Flo.  m,  6.  — Dlplocopotis 
pneuiMotilic :  a.  cocci,  with- 
out cttpsulcs:  0,  «iiiKle  and 
paired  cocci,  wlHi  capMiles: 
c,  cbnin-fomi;  d^  colony  of 
cocci  tZIegler). 


croupous  pneumonia  was  first  denujniitratoil  by  Fraukel,  and  later 

by  Weichselbaum.    The  individual  orgauisni  luis  a  somewhat  elun- 

gate^I,  lanceolate  shai)ej  and  has,  therefore,  been  considered  a  baeil- 

lus,  tliouc^di  it  does  not  ahvays  show  this  pseudo-bacillary   shupe 

distinctly  f  Fig.  86  a).     In  the  sputum  and 

lungSj  and  in  tlie  blood   of  inoculated  ani- 
mals, it  is  commonly   found  in  pairs  ;   the 

broader  ends  of  the  organisms  adjaeent,  and 

the  {Hiiuted    ends   projecting  otitward  ;    tlie 

group  i.*5  .surrounded  liy  a  tnmsparent  cnjw 

sule,  which  doi's  not  readily  take  stuiiis  nnd 

therefore    l>eeome8  conspicuous    (Fig.  8t>i). 

Sometimes    the    organism    forms  eliains  in 

which  however  the  |>ain5  f>f  micrococci  are 

a  little  distance  apiiit.     i'hain  formation  ig 

esjxx'ialiy  marked  when   the    fd'gjinjsm     is 

grown  in  fluid  media.     The  capsule  is  not 

seen  when  the  orgiinism  is  obtained  from  culturcj^,    Tlie  dipk\  ocens 

does  n«»t  pos^sess  individual  motility  and  lias  no  flagella.     It  does 

not  seem  to  pn>ibice  spores. 

It  may    l>e    readily    demonstrated   in    the    sputum    or   in  the 

tissues  by  staining  with   the   ordinary    aiiilin  dyes  t>r   by  Gramas 

method. 

Cultivation. — The    diplococcus    grows    readily    upon    oixiinary 

media,  excepting  jvotato.  It  forms  eliaracteristic  colonics  upon 
ag-ar-agar  pkites  or  in  gelatin,  Upon  the  surfbee  of  the  agar  there 
appear  transparent  dn>|>-like  colonies  hardly  visible  to  the  naked 
eye,  %vliich  under  the  microscope  have  a  finely  granular  a]i|>ear- 
ance.  I^pon  gelatin  plates  sin^ilar  gro^vths  are  produced,  while  in 
I  gelatin  punctures  the  growth  occurs  along  tlie  path  of  the  wire  as 
granular  whitish  spots  sepsirated  from  each  other.  The  addition 
of  serum  or  ascitic  liipiid  to  agar  makes  a  medium  in  which  larger 
and  more  conspicuous  grayish  colonies  of  circular  outline  appear 
on  the  surface.  In  the  paler  marginal  zone  of  the  colojiy  diplo- 
ciK'ci  or  short,  chains  may  be  seen.  In  iMiuillon  a  cloudiness  is 
produc»ed  when  the  culture  is  from  12  to  24  hours  old  ;  lat<^r  the 
organisms  precipitate^  and  the  bouillon  becomes  clear.  Milk  is 
coagulatetl  by  the  pneumoem^iLs.  When  inulin  is  added  to  a 
senim  metlium  the  |meumoeciecus  ferments  the  inulin  and  eongu- 
lates  the  serunr,  The  organism  tends  to  die  out  very  readily  in 
cultures*  and  also  loses  its  pathogenic  proi>erty  when  propagated 
for  several  generations.  In  solid  media  not  containing  serum  and 
more  particularly  in  fluid  media  the  virulence  may  be  preserved 
for  a  long  time,  sometimes  for  months.     It  is  most  luxuriant  at 

Pathogenicity,' — The  specific  character  of  this  organism  has  not 
be^n  definitely  proved  according  to  the  rules  of  Koch,  but  it  is 
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highly  probable  that  it  is  the  usual  cause  of  pneumonia.  The 
diplococcus  is  frequently  found  in  the  saliva  of  healthy  persons. 
When  this  is  introduced  into  animals,  particularly  rabbits,  the 
animal  dies,  with  evidences  of  rapid  sepsis  (sputum-septicemia). 
The  post-mortem  shows  some  fibrinous  exudate  and  occasionally 
a  little  pus  at  the  point  of  inoculation.  The  spleen  is  enlarged, 
and  capsulatcd  bacteria  of  distinct  lanceolate  form  are  widespread 
throughout  the  body.  Injections  of  lung-tissue  or  of  pneumonic 
sputum  produce  similar  results,  and  the  organism  in  pure  culture 
likewise  causes  this  form  of  septicemia.  It  has  been  sho.wn  that 
injection  of  pneumonic  exudate  aspirated  from  the  consolidated  lung 
into  the  lungs  of  rabbits  will  produce  true  pneumonia.  Recently 
typical  pneumonia  has  be(»n  produced  by  injection  of  virulent 
pneumo<M>cci  into  the  lungs  of  rabbits  previously  immunized 
against  the  pneumococcus  to  prevent  the  occurrence  of  general 
pneumococcus  septicemia. 

Besides  the  di|>lococcus  there  are  certainly  other  elements 
which  contribute  to  the  causation  of  the  disease,  else  the  frequent 
oc(mrrence  of  the  micro-organism  in  question  in  the  saliva  would 
make  pneumonia  a  much  more  common  affection.  The  nature  of 
the  contributing  causes  is,  however,  obscure.  Exposure  to  cold, 
general  de])ression  of  the  system,  traumatism,  alcoholism,  and  other 
causes  certainly  predispose  or  help  to  determine  the  occurrence  of 
the  diswise.  These  causes  may  act  by  temporarily  increasing  the 
virulence  of  the  diplococcus  or  by  lowering  the  resistive  power. 

Certiiin  irregular  forms  of  lobar  pneumonia  may  be  caused  by 
strep toc(K!ci,  staphylococci,  the  Bacillus  pneumoniae  of  Friea- 
lander,  tlie  influenza  bacillus,  that  of  typhoid  fever,  etc.;  but  true 
croupfMis  pneumonia  is  probably  always  due  to  the  Diplococcus 
pneunioniie. 

Pathologic  Anatomy. — (Soa  Diseases  of  the  Lungs.) 

Pathologic  Physiology. — The  diphx^occus  produces,  in  the 
first  place,  local  lesions  of  the  lungs;  and  in  the  second  place, 
systemic  infection  and  [x>ssibly  also  general  intoxication  by  toxins 
of  une<»rtain  eliaracter.  In  the  case  of  svstemic  infection  the 
orgtiuism  itself  gains  access  to  the  blocxl  an^  may  produce  second- 
ary l(\sions  in  other  organs.  Infection  with  the  diplococcus  of 
pneiimouia  causes  a  pn)nounce<l  reaction  on  the  part  of  the  blood 
in  the  form  of  leukocytosis.  Tliis  is  not  invariable,  ijjut  is  usually 
seen.  After  the  attack  of  pneumonia  then*  is  temporary  immunity, 
and  it  has  been  found  that  animals  may  be  immunized  for  consid- 
erable lengths  of  time  by  r(*i>eate(l  injection  of  pneumococci. 
The  serum  of  the  immunized  animal  has  a  certain  protective  and 
curative  value  which  has  recently  been  attributed  to  the  formation 
of  opsonins  (see  Immunity\  whit^h  are  operative  by  rendering  the 
pneumoc»occi  liable  to  ra]>id  ingestion  by  phagocytes. 

The  IMplococcu8  in  Other  Diseases.— The  Diplocoocus 
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pneuinonitt*  has  beori  fnimd  in  various  conditions  cotnplifating 
pntHinioiitUj  and  occa.siniuilly  in  legions  nniissoeiatcd  witli  croujwns 
piieinntmia*  Among  other  losions,  Bieningiti]>?i  ph^urisy,  and  other 
inflammations  of  the  tierous  suriiiccs,  ab.si!es8es,  otitis  media,  and 
arthritis  have  been  found  h)  he  due  to  this  organism ;  or,  at  least, 
this  organism  alone  has  been  found  in  some  of  these  cases, 

OTHER  FORMS  OP  PNEUMONIA, 

Amnn*r  other  varieties  of  pneuniouia  may  he  mentioned  the 
catarriial  or  h»l>nlar  form,  the  tuhereuloiis  form,  and  various  irix^g- 
nlar  pneumonias^  partly  eelhdar,  partly  fibrinous,  partly  purulent 
or  hemorrhagic.  Though  the  piu'nnioeoecus  is  nK»re  frequently 
present  than  any  other  single  ^>rganism  in  lironclio-pnennuinias 
atler  infections  diseases  like  measles  and  diphtlieria  autl  in  various 
irregnlar  types  of  l)i"onehu-pneunioniu,  ditierent  nrganisjns  may  be 
found  in  sneh  cases,  and  some  of  these  may  l>e  of  etiu logic  impor- 
tance in  certain  cases.  Not  rarely  the  pulmonary  tlisease  is  tlie 
result  of  mixed  (double  or  multiple)  inicction. 

The  Bacillus  Pnetunoniae  of  Friedlander, — ^11  us  orgjinism  was 
regarded  at  one  time  as  the  cause  of  crtaipous  pneumonia.  It 
pnibably  occurs  in  most  cases  as  a  mixed  infee*tiou,  th(nigh  it  may 
occasionally  be  tlie  cause  of  catarrhal  or  irregular  fin'ms  of  pneu- 
monia or  of  ordinary  cnjupous  pncnnionia* 
The  eases  of  pneumonia  due  primarily  to  the 
pnetmiol>acillus  arc  cliaracterizwl  by  their 
virulence  and  a  [leeuliar  viscid  eliameter  fd* 
the  exn<!ate  in  the  limg.  Frie^llandcr^s 
orginiism  ocrurs  as  a  distinct  hacilUis,  usually 
in  pairs  and  surnuindcd  bv  a  capsule  like 

that    Ot    the   dlpiocOCCUS(r  Ig.  ^ibe),      JSome-  monlai  of  FriLdliuder, 

tim<^  it  may  form  chains  of  three,  four,  or 

more  organisms.  It  stains  well  witli  tfjc  a  nil  in  dyes,  hut  is  de<3ol- 
ori7e<l  by  Oram's  meth«Kh  A  cliaraeteristic  culture  is  ohtaintHi  in 
gelatin.  The  puneturc-<;nUiU"e  is  tvharaetcrized  by  a  luxuriant 
growth  at  the  top  anrl  a  consiih'nd>le  vegetation  all  along  the 
track.  This  leads  to  a  nail-shaped  growtli.  The  gelatin  iloes  not 
liquefy.  Upon  agar  a  considcmhle  whitish  or  yellowish  moist 
gr<5\vth  oecurs  U|>on  the  surfaec.  There  is  formation  of  gas  in 
mcilia  containing  gluei>se,  and  often  also  on  potato. 

A  number  of  organisms  closely  ndatetl  to  Friedlandcr's  puen- 
moooc^ens  have  Ijccn  classified  under  the  generic  name  Baci/luH 
vtucomtJi  ca}}mtiatitfi.  Among  these  are  the  li,  laethatTOf/nu-Hj  B. 
fwifli  hcticiy  B.  ozaf'tHv  and  /?.  rhhmftohromafis.  The  several  ty}>es 
differ  somewhat  in  their  power  to  ferment  various  carbohydrates. 

Other  Organisma  in  PEeainoma.  Among  the  variiuis  organisms 
that  have  been  f«»nnd  in  broneho-pncnmonia  or  less  commonly 
fibrinous  types  of  pneumonia  are  the  SlreptoctK^cns  pyt^nes,  more 
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rarely  the  influenza  bacillus,  the  Bacillus  coli  communis,  the 
typhoid  bacillus,  the  bacillus  of  glanders,  of  the  plague,  and  occa- 
sionally other  organisms.  In  some  of  these  cases  the  disease  may 
be  the  result  of  double  infection. 

Tuberculous  Pnemnonia,  in  which  a  uniform  pneumonic  process 
is  found  in  the  lungs,  may  be  due  to  simple  infection  with  the 
tubercle-bacillus,  or  to  mixed  infections. 


RHIN05CLER0MA. 

Rhinoscleroma  is  a  disease  afibcting  the  skin  about  the  anterior 
nares  and  adjacent  parts,  and  probably  caused  by  a  specific  bacil- 
lus. The  disease  h&s  been  especially  observed  in  central  Europe. 
It  presents  itself  in  the  form  of  nodular  thickening  of  the  skin  of 
the  nose  and  lip,  and  sometimes  spreads  to  the  neighboring  mu- 
cous membranes — mouth,  pharynx,  or  larynx.  In  the  latter  situa- 
tions ulceration  of  the  surface  is  frequent ;  the  lesions  of  the  skin 
rarely  ulcerate.  Histologically  the  growth  consists  of  round 
granulation-tissue  cells.  Frequently  the  c^lls  sufler  hyaline  de- 
generation, forming  rounded  hyaline  bodies.  The  bacilli  may  be 
found  between  the  cells  and  within  these,  especially  such  as  pre- 
sent hyaline  degeneration.  The  micro-orranism  resembles  the 
bacillus  of  Friedlander,  but,  unlike  this,  ordinarily  stains  well  by 
Gram's  method,  and  when  cultivated  upon  blood-serum  or  agar 
retains  its  capsule.  In  other  respects  the  two  forms  are  identical. 
Inoculation  experiments  have  thus  far  failed  to  produce  the 
disease  in  animals. 

DIPHTHERIA. 

Definition. — Diphtheria  is  an  infectious  and  contagious  dis- 
(ra,sf*  raiisrfd  by  a  specific  bacillus. 


1-  lo.  Mi,  d.-^Biicillus  diphtheria:  from  a  pure  culture. 


Etiology. — TIk!  IJacillus  diphtheriaB  was  discovered  by  Klebs> 
and  more  ar^'uniU-iy  Htudie<l  by  Liiffler,  and  is  therefore  called  the 
Klebs-I>)ffl4«r  liacilluH.     This  organism  is  a  rod  varying  in  length. 
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from  1  to  6  //,  rather  thick,  and  with  somewhat  swollen  ends. 
It  is  readily  tli'inonst rated  in  tho  \\u'i\\  lesions  of  the  inneons  mem- 
branea  or  skin,  where  it  in;iy  be  t[Uite  abinuhint  •  the  indi- 
vidual liMeilli,  liowev^er,  are  separate  from  one  another.  The 
organism  is  peeiiliar  in  it^  great  irre^ifiilarity  of  shape  and  size, 
particularly  in  eulturej*  (Fig,  86  f/).  Seemingly  lirnnebed  forms 
nave  been  ol>served,  and  some  i invest iffJi tors  liav<'  viewed  the 
nrganism  as  a  streptothrix  or  even  as  one  of  tlie  liyiihtimveetej^. 
Frequently  one  end  is  especially  large,  giving  a  elul>-shaped 
app^amnce ;  some  of  Uie  ha(*illi  are  very  large ;  .si>me  present 
munded  gmnules  at  either  eml,  the  so-ealled  polar  granules 
or  Ernst  bodies.  The  baeillns  is  readily  staineil  witli  arjueous 
solutions  of  basic  stiiins,  espeeially  with  thos^^  rendc^red  slightly 
nikalint*.  (Loffler^s  stiiin — siitiinited  aqnervus  solution  of  inethylene- 
blue,  30  cc,  in  aqueous  solution  of  iMitassinni  hydrate^  1  :  10,000, 
100  ce. — is  the  favourite  stain).  The  enlor  is  soau'wbat  retained 
when  stained  by  Gram's  method.  The  stained  speeimen  sliows 
the  morphology  of  tlie  baeiUns  very  clearly.  The  rounded 
entls  generally  stain  more  deeply  than  the  shaft  of  the  haeillus,  so 
that  the  appearance  somewhat  sugp^ests  a  diplocnccns.  Not  rarely 
transverse  fractures  give  tlieorganism  the  appearance  of  disjointed 
segments.  There  are  no  flagclla,  and  tlie  haeillus  is  not  motile. 
8j>orcs  have  not  been  demonstrated* 

CultiTation. — The  most  characteristic  cultures  are  obtained 
up<»n  bloixl-semm,  especially  such  as  contain  a  small  amount  of 
glucose.  Upon  this  medium  there  is  fiirmed  within  six,  twelve,  or 
twenty-four  hours  a  thin,  whitish  or  yel  hi  wish -white  layer  of  ir- 
regular outline,  often  showing  separate  smaller  colonies  aroon^l 
the  edge.  A  small  portion  of  the  colony  may  be  removed  and 
stained,  and  the  diagnosis  thus  estalilished  with  ease  in  a  short 
time*  Other  organisms  f(*und  in  the  throat  are  slower  in  gnjwtb, 
and  do  not  theret* ire  interfere  with  the  diagnosis. 

Pathogenicity,— When  cultures  in  bfniillon  are  injected  beneath 
tlie  skin  of  a  guinea-pig  a  filtrinous  intlammation  with  more  or  less 
widespreatl  edema  results,  and  X\w  animal  dies  in  from  twenty-four 
to  thirty -six  hours.  Necrotic  foci  in  tlic  liver  and  other  organs 
are  found  pist-morteni  ;  the  neighboring  lymphatic  glands  are 
enhjrged.  If  die  animal  survive,  paralysis  may  mak**  its  appear- 
ance,  as  in  human  beings  recovering  frum  the  disease.  The 
jKithogenieity  has  alsu  l>cen  shown  by  inoculation  of  varions  other 
animals,  and    tirhnitcly  by  accidental    infection  of  man, 

Nom-patliogeiiic  diphtheria  bacilli  are  found  in  the  pharynx  of 
healthy  individuals  in  some  eases,  as  w^ell  as  upon  the  hands,  hair, 
or  other  parts  of  the  boily*  They  are  also  found  in  various  forms 
of  rhinitis,  conjum^tivitis,  and  iion-dipbtheritit"  angina.  These 
may  differ  from  tlie  virulent  l)acilli  in  being  somewhat  sht^rter 
and  in  gn>wing  more  luxuriantly.     Their  distinctive  character, 
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however,  is  their  harmlessness  when  injected  into  animals.  The 
term  pseudodipktheria  bacUlvs  is  unfortunate,  as  it  is  possibly 
the  same  organism,  but  one  having  lost  its  virulence  by  growth 
in  an  unfavorable  situation.  The  results  of  different  investigations 
of  this  question  have  varied,  and  the  identity  or  non-identity 
of  the  organisms  is  unsettled. 

Neisser  has  devised  a  staining  method  that  has  some  usefulness  in 

distinguishing  diphtheria  bacilli  from  the  pseudodiphtheria  or  zeroeis 
bacilli : 

(1)  Methylene-blue,  1  g. 
96  per  cent,  alcohol,  20  oc. 
Ac.  acet.  glac,  60  cc 
Water,  950  cc. 

(2)  Vesuvin,  2  g. 
Water,  boiling,  filter,                                            1000  cc. 

Cover-glass  preparations  are  stained  for  from  one  to  three  seconds  in 
solution  1,  washed,  and  treated  with  solution  2  for  from  three  to  five  seconds 
and  washed. 

Cultures  must  be  made  on  Lbffler's  blood-serum  for  at  least  nine  hours, 
and  not  longer  than  twenty  to  twenty-four  hours,  at  a  temperature  of  34"- 
36°  C.  (not  over  36°  C).  This  procedure,  according  to  Neisser,  brings  out  the 
Ernst  granules  in  the  true  diphtheria  bacillus,  while  the  pseudo  variety 
remain  negative.  Frankel  holds  that  microbes  that  do  not  give  the 
granules  with  this  method  are  of  the  pseudo  variety. 

Liiffler  and  others  hold  that  while  this  reaction  is  a  useful  addition  to  the 
differential  diagnosis,  it  must  not  be  relied  upon  absolutely. 

According  to  Neisser,  a  further  aid  in  diflferentiation  is  obtained  by 
making  impression  preparations  from  six-hour  old  serum-cultures.  In  these, 
true  diphtheria  bacilli  will  be  found  lying  side  by  side  or  crossing  each 
other,  while  the  pseudodiphtheria  bacilli  and  xerosis  bacilli  adhere  so 
closely  to  the  culture-medium  that  they  are  not  removed  with  the  covers 
glass. 

Klcbs-Loffler  bacilli  may  be  found  in  the  pharynx  of  a  person 
showing  no  indication  of  disease.  This  means  that  the  organism 
has  not  iouiid  a  iavorable  soil  for  its  development  or  no  abrasion 
or  opening  into  tissues  that  will  support  its  growth.  The  bacil- 
lus may,  however,  thrive  and  multiply  for  a  considerable  time 
u|Mni  the  mueons  meml)rane  of  such  a  throat,  as  it  may  upon  food, 
clothing,  or  other  infected  materials. 

Mind  Inftu'tinn  in  Diphtheria. — Other  organisms,  notably  strep- 
toeocc'i,  sta|)iiyloeo(r<!i  and  pneumococci  may  he  associated  with  the 
diphtheria  haeillns,  and  may  be  actively  concerned  in  the  local  or 
^^•neral  patliolojric  processes.  The  streptococcus  is  especially 
potent  as  an  associated  cause.  The  streptococcic  infection  may 
pn'ci'ch'  or  follow  the  diphtheritic  infection.  Various  other 
or^ani»-tn>n  of  a  Kipropliytic;  nature  may  cause  putrefactive  changes 
in  the  prfijdoiiM'nibrant'. 

I'nuUHjunilmj  ( 'tuLHVH, — Some  predisposition  is  necessary  for  the 
developriMnt  of  tli#«  dis<'ase.  In  part  this  is  personal,  some 
indivinimli-.  h<inj/  hi^lily  susceptible,  others  scarcely  at  all.  In 
part,  tii'A\u\i*HU%\  ''^mditions,  sn(»h  as  pharyngitis,  laryngitis,  abrasions^ 
etc.,  fiiriiinh  u  fttv#inible  op|M)rtunity  for  the  infection. 
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The  fiiphihetna  of  bltrhy  calves,  and  certain  other  animals  ig 
tlistinct  from  the  human  <lisease  ;  and  the  or^j^anisms  are  in  no 
way  related.  Human  diphtheria  may  oceur  in  eat5,  and  these 
animals  may  propa^te  epidemies. 

J*8eitdomembranoiw  Jihrhiouii  mjlammation  is  not  invariably 
caused  by  the  diphtheria  baeillus  (see  Inflammation).  Among 
the  organisms  capable  of  causing  sonicwiiat  similar  pseudo- 
merabranes,  the  most  frequent  is  the  Streptoeovciis  pyogenes. 
Another  important  *ine  is  the  pneumfM^ocens,  Recently  a  long 
bacillus  (Bacillus  of  Vincent*s  Angina)  has  been  fonnd  in  certain 
cases  of  idcerative  and  |»seudomendininous  sore  throat8.  This 
organism  has  not  thus  tltr  been  cnltivated  on  artiticial  media. 

DistribEtion  of  the  Bacilli, — The  organisms  are  abundant  in  the 
pseudfinicmbranes  of  diphtheria,  but  are  only  exceptionally  fonnd 
in  the  blood  or  internal  urgiins.  Tlie  visceral  or  nerve-lesions  are 
doe  to  the  toxins,  and  not  tn  the  bacillus.  The  same  is  true  of 
expi^rimental  dijditberia.  The  intenial  lesions  may  be  produced 
by  injection  of  the  toxin  obtained  by  filtering  a  bouillon-rultnre 
thrnngh  a  Pasteur  filten 

Pathologic  Anatomy.— Diphtheria  is  primarily  a  local  dis- 
ease of  tlic  pf larynx  ( pharyngeal )»  of  the  larynx  {laryngeal),  of 
tlie  nose  (nasiU),  or  of  tht'  skin  (diTmal),  The  baeilliis  lodges  in 
the  mucous  membninc  or  skin,  and  produces  a  pseiulomemhnioe. 
Tliis  consists  of  fibrinous  exudation  iu  the  form  of  fine  graimlar 
material  or  a  fibrillar  network,  in  vvliich  are  embedded  the  cpi- 
tlielial  cells  and  other  tissue-elements  and  infiltrating  lenktK'ytcs. 
The  epithelial  cells  rapidly  undergo  eoagidation-neer<tsis  or  granu- 
lar degeneration,  as  dc>  also  the  connective  tissues  when  the  pn>- 
cess  ex^nds  beneath  the  mueosii.  The  bhH«l-vessc»ls  bcctjme 
obstrnctcd  hy  thrombosis  or  compression,  and  the  tissue  is  there- 
fore avascular.  Neiirly  always  the  pseu4loniembrane  thus  formed 
is  attached  to  tlie  nnderlying  tissues^  and  wlien  removed  a  raw 
and  bleeding  surface  is  ex|XKsed.  The  ck'pth  of  involvement^ 
however,  varies ;  sometimes  the  suhmuc(»sii  is  soon  invfvlvcd ; 
more  often  tlie  disease  is  practically  confined  to  llie  mncosji. 

The  mat^roseopie  appearan(*e  is  that  of*  a  whitish,  dirty-yellow- 
ish, or  brownish  membnine  n|^M>n  the  mncons  lining  of  the  throat. 
This  begijis  as  one  nr  several  jMtches  upon  the  tonsil,  and  spreadi- 
rapidly  to  tiie  neighboring  parts.  In  other  situations  the  appear- 
ance is  mu<'h  the  same.  Infiainmatory  swelling  beneath  and 
arijund  the  diseased  area  is  habitual.  It  is  of  great  clinical  ira- 
j)ortancc  to  recognize  that  true  diphtheria  may  occur  in  the  form 
of  typical  follicnlar  tonsillitis. 

liitemal  or  visceral  lesions  may  occur  in  the  course  of  diph- 
theria or  during  convalescence.  They  are  dne  to  the  action  of  tbe 
toxin,  and  not  of  the  bacillus.  Necrotic  ft>ei  in  the  liver^  showing 
advanced  cellular  degeneration  of  the  cellw  with  hyperchromatosie 
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of  th#?  nuclei,  and  similar  lesions  of  other  organs^  may  be  seen  in 
th#;  human  IkxIv,  as  in  animals  killed  with  the  organism  or  its 
f/»tin,  MycK^rditis  and  myocardial  degeneration,  renal  degenera- 
ti/^i  find  nffphritis,  and,  most  interesting  of  all,  degeneration  of  the 
yftrri\Au'.fu\  nerves  and  neuritis,  may  be  met  with.  All  of  these 
#ill  \hz  dewsribed  elsewhere. 

Pathologic  Physiology. — As  has  been  said,  the  disease  is 
IfnumrWy  local,  and  the  bacilli  nearly  always  remain  localized  in 
(t(Mr  itiiiKfrficial  lesions.  The  general  manifestations — fever,  pros- 
tration, and  the  visceral  lesions — are  caused  by  poisonous  sub- 
«|iAfir'#'H  i!lal)orated  by  the  growth  of  the  bacilli.  There  are  prob- 
t$it\y  wfveral  substances  o?  this  sort,  but  one  in  particular — the 
A/W/t — JK  most  important.  This  may  be  obtained  by  filtering 
lf^/<iillon-<*ultures  through  j)orcelain,  and  by  its  injection  the  con- 
tetitiirjonal  and  some  of  the  local  manifestations  of  the  disease  may 
\pi'  ifidijc(*d  in  animals.  Successive  introduction  of  increasing 
iUmnh  of  toxin  causes  the  development  of  antitoxic  substances  that 
maw  finally  accumulate  in  the  blood  to  such  extent  that  the  ani- 
rrial  iMfWiUics  immune  to  the  most  virulent  bacilli.  The  antitoxic 
teiibhliince  or  substances,  or  arditoxiny  found  in  the  blood  and  the 
bl'MKl-Hcnim  of  immunized  animals,  will  render  other  animals  im- 
iijijiKf  for  a  time,  or  combat  and  overcome  the  disease  if  already 
f'xihtifig.  Simultaneous  injection  of  antitoxin  and  of  many  times 
tUi'  ordinarily  fatal  dose  of  toxin  or  diphtheria-cultures  leaves  an 
animal  unharmed.  Later,  when  the  immunity  has  passed  oflT,  a 
ternall  dose  of  toxin  or  culture  without  the  antitoxin  will  kill  the 
tuiuw  animal.  The  value  of  the  antitoxin  in  animal  experimenta- 
tion is  beyond  doubt.  In  the  human  being  there  is  scarcely  any 
d/iulit  of  its  potency,  though,  of  course,  crucial  experiments  cannot 
\fi'.  made. 

Af'tiT  an  attack  of  diphtheria  there  is  temporary  immunity, 
\tm  this  passes  off  and  successive  attacks  may  thus  occur  in  the 
^uu*.  |H;rson. 

TYPHOID  FEVER. 

Definition. — Typhoid  fever  is  an  infectious  disease,  with 
/:haru/.leristic  lesions  of  the  intestines,  and  due  to  a  specific 
S^uWhin.  It  is  important  to  recall  the  fact  that  local  or  general 
ffflfhf/id  infection  may  occur  without  the  intestinal  lesions  or  usual 
/  lioi/'al  ftfatures  of  typhoid  fever.  In  su^h  cases  local  inflammatory 
U^tttu^.,  Hiippurations  or  necroses,  or  septicemia  have  been  observed. 

Rtiology. — Certain  predisposing  features  make  individuals 

Ht^m'.  liable  at  one  time  than  another  to  this  disease.     It  occurs  in 

uAfA^f^^noe  and  the  young,  though  rarely  also  in  the  old.     Cli- 

HHUi  eonditions  are  supposed  to  play  some  part,  and  doubtless  do 

'•  m  influence.  Typhoid  fever  is  especially  a  disease  of  the 
>mla  JEones,  and  is  most  abundant  in  the  autumn.     Drainage 
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and  otlier  conditions  aflTecting  the  sufToiindiiigs  of  persons  may 
influence  the  predii^iwsition.  One  attack  usually  confers  immunity 
for  the  rest  of  life ;  exeejitions,  however,  are  met  with. 

Tiie  Baeillu.s. — The  Baciihi:^  li/phi  ah<!'munaMi<y  the  spccitic 
organ ii?m,  was  diseovered  by  Eberth  and  isolated  by  Gaffky.  It 
is  a  short,  bacillus,  from  1  to  4  ^  in  Icn^h  and  0.5  to  0,8  /i  in 
thickne.ss.  The  end.s  are  rounded  ami  often  f^omcwhat  plump*  In 
culture  the*?e  rods  or  bacilli  t>cciisioually  form  lon^  eliaiiis,  but  in 
the  tissues  they  are  never  su  arrjingcd.  The  organism  is  actively 
motile,  this  being  due  to  flajrellay  of  which  there  aix^  eighteen  or 
twenty  attaelied  to  the  periphery  (Fig.  87).  When  stained  with 
alkaline  methytene-blue  or  other  stains  there  are  sometimes  seen 
dark*roh)re<l  spots  at  the  ends  of  the  organism.  Thesi*  were 
formerly  regarded  as  sfMjres,  but  are  now  recognized  as  areas  of 
eondcnsation*  Under  eertain  cireumstauces  the  eoudeusation  is 
seen  in  the  eenter  and  vacuole-like  formations  are  found  at  the 
ends.  The  organisui  is  readily  stained,  hut  deeoh prizes  very 
eaailVt  and  is  thercibre  difficult  to  denmustrate  in  tissue.  Pn>- 
longctl  staining,  however,  and  nipid  (leet>1ori/4ition  sometimes  give 
beautiful  resulti^*  The  bacilli  are,  as  a  rule,  found  in  e lusters. 
These  groups  may,  however,  be  few  in  number,  and  thus  difficult 
to  detect  in  the  organs, 

CultiTatian. — Artificial  cultures  of  the  bacillus  have  been  ob- 
tained from  the  spleen  and  other  organs,  as  well  as  directly  from  the 
blo4jd,  stools,  and  urine  of  patients  s^iffcriug  from  the  disease.  They 
grow  ven"  well  upon  tin*  ordinary  eultu re-media,  sui'li  as  agar-agtir, 
gelatin,  and  potato,  the  t(  oipc^niture  *if  the  body  being  most  favoni- 
ble,  but  some  growth  occurring  at  the  ordinary  tempo niture  of  the 
room.  Upon  gelatin  and  agar  there  are  formed  irregularly  whitish 
filmSt  which  on  close  inspection  with  the  lens  show  a  granular 
appearance.  This  growth,  however,  is  not  distinctive.  Upon  aeid 
potato  a  eharacteristie  transparent  [>elliele  is  Ibrmed.  This  may 
be  invisible  except  to  the  trained  eye,  but  on  scrtiping  the  surface 
%vith  a  platinum  wire  the  pellicle  can  be  raised,  and  e>n  micro- 
scopic examination  it  is  found  to  he  composed  of  baeilli.  Some- 
times the  pellicle  is  yellowish  or  brownish.  When  cultivated  in 
milk  there  is  slight  acidity,  but  coagulation  does  not  oc^eur.  When 
grown  in  agar  containing  a  little  glucose  practical ly  no  fermenta* 
tive  gas  results.  Another  feature  of  importance  is  the  absence  of 
indol-reaction,  the  addition  of  potassium  nitrite  and  sulphuric  acid 
to  bouillon-cnltures  causing  no  n>se  color,  such  as  ot^curs  with 
some  otlier  organisms.  Several  special  media  liave  been  su^ested 
for  the  diffen^ntiation  of  typhoid  baeilli  from  colon  bacilli  and 
other  similar  organisms.  The  media  of  Hiss  have  given  very 
satisfactory  results.  (1 }.,  A  plate  medium  cfjmjKjscd  of  gelatin 
grams  25,  agar  grams  10,  stMliura  chloride  grams  5,  Liebig's  beef 
extract  grams  5,  and  glucose  grams  10,  in  1000  ccra,  of  water,  i* 
17 
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prepared  by  adding  the  gelatin  to  tlie  thoroughly  melted  agar, 
titrating  agaiiust  ph*^iiolphtlialeiix  a.s  an  indicator,  and  adding 
normal  hydnjchloric  acid  or  .sodium  liydrat^*  solution  nntil  the 
reaction  indicates  2  jkt  cent,  ot*  normal  acid.  The  meiliuni  nmy 
bt!  cleared  by  adding  1  or  2  eggs  in  25  cc.  of  water,  boiling 
for  45  minntes  and  filti^ring  tlirongh  absorbent  cotton.  The 
ghicose  is  added  after  ck^aring,  (2),  The  tube  medium  of  Hiss 
contains  gelatin  grams  80,  agar  grams  6,  sodium  bichloride 
gmms  5j  Liebig's  extract  grams  h^  and  ghicose  grams^  10  in  a  litre 
of  water,  and  the  reaction  is  1  *5  j>er  cent,  of  normal  acid. 


Flo.  87.— BacLlluB  lyph J  nbdom i  nn] is.  1 1 . 

SagtiUn  stained  by  LorUera  iu^lim 


'  ulture  six  houTi  old*  fthovring  the 
N)  (Fninkel  ftnd  PfeilFer). 


In  tlie  plate  medium  the  typhoid  bacillus  ff»rms  colonies  with 
irr<'gtihir  mitgrowths  and  thninblikc  extensions,  while  the  colon 
gri»U|»  Jbrnis  larger  colonies  without  threads.  In  the  tubes  the 
typhoid  Imcilli  cause  uniform  clouding  within  18  hours  at  bmly 
t/*rnperatnre.  The  colon  bacilli  do  not  cause  the  uniform  clouding, 
but  ajijMuir  a«  localized  growths,  or,  if  diffuse,  streaked  growths 
rainrfving  through  tlie  cloudy  tubes.  The  presence  of  gas  is 
Klgniiicmisi  that  the  orgiinisni  is  not  the  typhoid  hacillus, 

(Detailf  iwarding  these  media  ami  others  devised  for  tite  same 
purpoie  filtlirt  oe  obtained  from  hooks  on  bacteriology). 

Tlie  dSflgnwttc  features  of  the  bacillus  are  plainly  distinctive, 
exei*pt  tbttt  the  Bacillus  coli  communis  has  a  puzzling  resemblance. 
TliP  latti*r,  however,  grows  ujKin  acid  ])otato  as  a  yellowish  or 
browni^ih  (llm,  «'4»agidates  milk  prfimptly  and  causes  decided  acid 
reaction,  and  \h  an  active  gas-pro*lncing  organism  when  grown  in 
glQcrnieHif^ir.  I'he  sernn) -reaction  of  Widal  is  a  recent  and  im- 
portant difttiuguiahing  mark.     The  serum  from  typhoid  patients 
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must  not,  however,  l>e  relied  upon  absolutely,  as  it  may  contam 

suhstanees  prfx!noo<l  by  tho  Bjicilhis  eo]i  as  well  as  those'prodaced 
by  the  typhoid  germ  (see  Widal  reaetion). 

Patliogenidty* — Aniiiial-exjierimeutation  has  thus  far  been  iin- 
satisfacton*.  A  fmv  obst^rvers  have  suceeeded  in  prcxlufing  intes- 
tinal lesions  and  ilhiesi?  l>y  fl/edin^j  animals  witli  typhoid  cultures, 
particularly  atler  the  stomaeli  nnd  intestine,s  liave  Iwen  rendered 
alkaline  witli  j?o<ia  and  peristalsis  has  been  checked  with  opium. 
In  most  cases  injection  of  th*^  typlioid  bacillui^  has  produced  sep- 
ticemic manifcsfcations.  The  constant  i>ccurreuce  of  tlie  ^erm,  its 
absence  from  other  conditions,  and  the  alisence  of  any  other  germ 
as  a  constant  aeeonipaniment  of  typhoid  fever,  have  led  to  the 
general  acceptation  of  tlus  as  the  sjM?cific  cause.  Moreover,  its 
properties  are  such  that  the  spread  of  the  disease  in  the  ackuuwl- 
edged  ways  is  entirely  compatible  with  the  acceptance  ot*  the 
bacillus  as  the  si>ccific  cause. 

Distribution, — The  ty|)hoid  bitcillus  tK-curs  botli  witliin  and 
without  tlic  human  Iw^dy,  and  doubtless  multiplies  gn^atly  in  tfie 
ext-ernal  world  when  tlie  conditicMis  are  favorable.  It  occurs  in 
the  h'sious  of  the  iutestiiiL's  and  in  the  int<'stinul  contents,  esi>e* 
cially  < luring  the  second  and  third  weeks  nf  the  disease.  It  is 
usually  less  abundant^  but  often  i>rcsent  in  the  spleen,  liver,  and 
kidneys;  it  may  *x*cur  in  cunsidembtc  abundance  in  these  organs 
when  there  :rn*  loi-al  compHeatitms.  It  is  almost  always  present 
in  the  gall  l>Iadder  in  eases  oi*  typhoid  fever,  and  fre*juently 
occasions  chohfcystitis  and  not  nirely  initiates  thi'  iVmnation  c>f 
gtdl-s tones.  It  also  occurs  in  tfje  lungs,  in  the  parotid  gland,  and 
m  other  organs,  and  ]>ost-tvphoidaI  abscesses  may  contain  the 
or^nism  in  abnodance.  Complicating  lesions  of  other  organs 
may  be  dependent  solely  opdu  the  s[>ecitie  bacillus,  tliis  being 
capable  even  of  acting  as  a  pyogenic  orgtmism,  or  they  may  be 
dependent  upon  secondary  or  mixed  infections.  Tlie  bacillus  may 
be  found  in  the  blood  quite  regularly. 

The  typhoid  bacillus  is  p<x'uUarly  resistant,  and  may  thrive 
upon  clothing,  in  soil,  and  in  water  for  a  long  time.  Cold  has  no 
effect,  the  germ  being  virulent  after  freezing  and  thawing  several 
times.  Carbolic  acid  in  strengths  that  prove  destructive  to  most 
organisms  has  little  effect  on  this  germ.  These  features  explain 
the  spread  of  the  disease  and  its  general  prevalence.  The  organ- 
isms are  discharged  from  the  body  of  a  patient  suffering  from  the 
disease  mainly  in  the  stools,  but  in  part  also  in  the  urine,  sweat, 
and  other  excreta.  If  they  are  not  at  once  destroyed,  contami- 
nation of  clothing,  soil,  water,  etc.  may  uccnr,  and  subsequent 
infection  of  susceptible  individuals  takes  place  through  drinking- 
water  or  food  with  which  the  infected  water  or  other  matters  have 
come  in  contact.  It  is  possible  that  infection  may  occasionally 
take  place  through  the  lungs  by  inhalation  of  dust.     This  must  be 
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highly  probable  that  it  iHi  the  usual  cause  of  pneumonia.  The 
tliplococcus  is  frequently  fouud  in  the  Huliva  of  bealtliy  pernons. 
AVlieu  this  is  introtlueed  into  auiiiials,  paitieuhu'ly  rabbita,  the 
animal  dies,  with  evidenees  of  rai>id  .sepsis  (s|Jutinu-septicemian 
The  post-mortem  shuws  some  tibriutnis  exudate  ami  ocejLsitJually 
a  little  pus  at  the  point  of  inoeulation.  The  spleen  is  enlarge*!, 
and  eapsulated  bacteria  of  distinct  laueeolate  form  are  widespread 
thn>ughout  the  body*  Injections  of  lung-tissue  or  of  pneumonia 
sputiuu  produce  simitar  results,  and  the  organism  m  pure  eiilture 
likewise  causes  this  form  of  septicemia.  It  has  l^een  sliowu  that 
injection  t»f  pneumonic  exudate  aspirated  from  the  consolidated  lung 
into  the  lungs  of  rabbits  will  i>rochiee  trite  pneumonia.  Recently 
typical  pneumonia  has  been  produced  by  injection  of  virulent 
pneumoeoeei  into  the  lungs  of  nibbits  previously  immunized 
against  the  pneiunrn'oeens  to  ]>revent  the  occurrence  of  geneml 
puei I  niococcus  sept icemia. 

Beside:^  the  dlpUxniccus  there  are  certainly  other  elements 
which  contribute  to  the  eausation  of  the  disease,  else  the  fn-quent 
occurrence  of  the  micro-organism  iu  qtiestirm  in  the  sidiva  would 
make  pneunnmia  a  much  more  common  affection.  The  nature  of 
the  eontribntiug  causes  is,  however,  obscure.  Exposure  to  cold, 
general  de])ression  of  the  system,  tranmatisni,  alcoholism,  ainl  other 
causes  ccitainly  predisixtse  or  help  to  determine  the  oeeurren(*e  of 
the  disease.  These  causes  may  act  by  tem[>omrily  increasing  the 
virulence  of  the  diplococcua  or  by  hnvering  the  resistive  ji+nvcr. 

Certain  irregular  forms  of  lobar  pneumonia  may  be  caused  by 
streptococci,  stapliylococci,  the  Bacilbis  pneumoniae  of  Fried- 
liinner,  the  influenza  bacillus,  that  of  typhoitl  fever,  etc.;  but  true 
croupous  pnoumojiia  is  pmbably  always  due  to  the  Diploeoocua 
pneumoniae. 

Pathologic  Atiatomy, — (See  Diseases  of  the  Lungs.) 

Pathologic  Physiology, —  Phe  diploeoecus  produces,  in  the 
first  place,  local  lesions  of  the  lungs ;  and  in  the  second  place, 
systemic  iuicction  'And  possibly  als<>  genenil  intoxication  by  toxins 
of  uncertain  character.  In  the  ease  of  systemic  infection  the 
organism  itself  gtiins  access  to  the  l>lood  and  may  ]u^k1ucc  second' 
ary  lesions  in  other  oi^gans.  Infection  with  the  diplocm^ens  of 
pneumonia  (pauses  a  pronounced  reaction  on  the  part  of  the  blood 
iu  the  ibrm  of  leukt>cytosis.  This  is  not  invariable,  lyit  is  usually 
seen.  After  the  attack  of  pneumonia  then^  is  tcmporarv  inmumity, 
and  it  has  Ijccn  f[>nnd  that  anin^als  may  l>c  inununized  for  eonsid* 
enable  lengths  of  time  bv  repeated  injection  of  pncumoco(^ci. 
The  serum  of  the  immunized  animal  has  a  eei-tain  pniteetive  and 
curative  valne  which  has  recent! v  been  attrii)uted  to  the  formation 
of  opsonins  (see  Iniuumity),  wliieli  are  operative  by  rendering  the 
pnenmo<?occi  liable  to  rapid  ingestion  !w  phagocytes. 

The  Biplococcus  in  Other  Diseases.— The  DiplocoocuB 
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pnFumoniie  haa  Ixm^ii  foimd  in  various  coiiditioiis  coriiplicatiiig 
piieiinionia^  and  occasiniially  in  lesions  unas.soeiated  with  crnii]K)us 
jMieiimQiiia,  Among  other  lesions,  meningitis^  pleurisy,  and  other 
inflammations  of  tlie  semus  surfaces,  absi-esses,  otitis  media,  and 
art  [iritis  have  been  fuund  Uy  he  due  to  this  orgtxnism  ;  or,  at  lea.st, 
this  organism  alone  has  been  found  in  «ome  of  these  cases. 

OTHER  FORMS  OF  PNEUMONIA. 

AuHinir  other  varieties  of  pnemiionia  may  be  mentioned  the 
catarrhal  or  loljnlar  form,  the  tuberculous  form,  and  various  int^g- 
u!ar  pneumoniasj  partly  cellular,  partly  filirinons,  partly  puruleut 
or  heniorrhagie.  Though  the  pueumoeoecus  is  nu»re  frequently 
present  than  any  other  .^iu^le  organism  in  broncho-pneuiuonias 
after  infectious  diseases  like  measles  and  diphtheria  and  iu  various 
irregular  types  of  broneho-pneiunouia,  diOereiit  organisms  nuty  be 
found  in  such  crises,  and  some  of  these  may  be  of  etit^logie  inipor* 
tance  iu  certain  casi's.  Not  rarely  the  pulmonary  disease  is  the 
result  of  mixed  (double  or  nuittiplc)  irdVetion. 

Tlie  Bacillus  Pneimioniffl  of  Friedlander* — This  orgimism  was 
regarded  at  one  ti nu>  as  the  cause  of  cmujwius  ]uieiUuonia,  It 
probably  occurs  iu  !uost  cases  as  a  nuxed  infeetiou,  though  it  may 
occasionally  be  tlie  cause  of  catarrhal  iw  irregular  ff)rms  of  jmeu- 
nionia  or  of  ordinary  croupous  pneumonia. 
The  cases  of  |nieumonia  due  primarily  to  the 
pueumobaeillus  are  characterized  Ity  their 
virulence  and  a  peculiiu'  viscid  ehirraeter  i>f 
the  exu<late  in  the  lung.  Fried liinder^s 
org:uusm  occurs  as  a  diiftinct  liacilius,  u.sually 
in  pairs  and  ^urnnmdcfl  by  a  capsule  like 
that  of  the  diplocoeeus(Fig.  >?G  e),  Some- 
times it  may  form  chains  of  three,  four,  or 

more  organisms.  It  stains  well  witii  the  anilin  dyes,  hut  is  decol- 
orized by  Ciraui's  method.  A  cha  met  eristic  culture  is  obtained  in 
gelatin.  The  puncture-culture  is  characterized  \iy  a  luxuriant 
growth  at  the  top  and  a  consitlerable  vegetation  all  alf»ng  the 
track.  Tins  leads  to  a  nail-sha])ed  growth.  The  gelatin  does  not 
liquefy.  Upon  agar  a  considerable  whitish  or  yellowish  moist 
growth  occurs  up>u  the  surfnee.  There  is  fornuition  of  gas  in 
media  contaitdng  gbieuse,  and  often  also  on  [lotatn. 

A  nnnd>er  of  organisms  closely  related  to  Fried liinder^s  pneu- 
inoco<'cns  have  been  {-lassified  under  the  generic  name  BucMuh 
muromfJt  cfjpmdaiuM.  Among  these  are  the  B,  ktdhaerogruritj  B, 
arifli  htdlri^  E.  ozof^wr  aud  Pk  rhlnoxchrnmnfis.  The  several  ty|>es 
differ  somewhat  in  their  power  to  fenuent  various  carbohyd rates, 

Other  Organisms  in  Pneumonia.  Among  the  various  organisms 
that  have  been  found  in  broncho-pneumonia  or  less  commonly 
fibrinous  types  of  pneumonia  are  the  Streptococcus  pyogenes,  more 


Fiu.  Srt,  f.— BaeiUiH  pinj^u- 
moniiB  of  Fried litiHU'r. 
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has  a  relation  with  globulin.  It  can  be  precipitated  by  mag- 
nesium sulphate.  It  k  dt-stroyed  by  heating  t€  70^  C.  (\b%^  FT). 
The  reactiuii  i.s  regarded  by  some  German  authors  an  being  anal- 
ogous to  the  phenomenon  oi'  coagulation,  since  tlie  presence  of 
salts  is  necessary. 

This  reaction  was  found  in  2283  cases  of  typhoid  fever  repf»rtetl 
by  variotis  writers,  and  was  absent  in  109  cas<'s  of  typhoid  fever. 
It  was  alisent  in  1365  nou-typboid  cases,  and  pix*sent  in  22  non- 
typhoid  patients.  It  was  therefore  foimd  in  St5*o  per  cent,  of  tlie 
typhoid  eases,  and  was  absent  in  98.4  per  cent,  t^f  the  uon-typhoid 
easels ;  or,  taking  the  entire  3779  cases,  the  correct  result  for 
diagnosis  was  arrived  at  in  96*5  per  cent.  The  reaction  some- 
times persists  for  some  years  after  the  attack  of  typhoid  fever. 
Siimetimes  it  fjceurs  in  cases  in  which  there  is  typhoid  infection 
without  typlioid  fever  in  the  onlinary  sense.  These  facts  may 
exjilain  s<ime  of  tixe  positive  results  obtained  in  non-typhi>id  exM^^. 
The  serum  nuist  be  diluted  with  nineteen  parts  or  more  of  water. 
Reactions  witli  stronger  serum  or  partial  reactions  may  be  decep- 
tive.    (See  also  Jmmuniiij,) 

Paracolon  Infection;  Paratyphoid  Infection. — Gwyn,  Schott- 
in idler,  Kurlh,  < 'ushiug,  and  others  have  rejiurtetl  cases  resembling 
typhoid  fever  clinically^  hut  in  which  the  \Vidal  reaction  was  per- 
sistently akseut  and  in  which  bacilli  closily  resembling  the  typhoid 
or  colon  bacilli,  though  ditlering  in  some  essential  ]>articalai*s, 
were  isolatetJ  from  the  hiood  and  tissues.  The  intermediate 
organisms  here  referred  to  difter  from  the  V)acillns  of  typlioid  by 
their  ability  to  prorluee  g;is  in  glucose-ei>ntaining  mediii,  ami  to  pn)- 
duce  an  alkaline  reaction  in  nutrient  media.  They  ditVer  from  the 
Bacillus  i'oli  conununis  l>y  not  coagulating  milk,  not  fermenting  lac- 
tosCj  and  l>y  failing  t*!  form  iutlol.  The  group  f^f  intermediates  has 
been  divi(h*d  into  a  paracolon  group  and  a  paratyphoid  aei/ording  to 
the  closer  resemblauee  to  the  colon  group  tm  the  one  hand  or  the 
typlioid  bacillus  nu  the  other.  Members  of  the  paracolon  group 
are  less  chjsely  related  as  for  example  iu  tlu'  matter  of  inter-agglu- 
tinatitui  than  are  those  of  the  paratyj^hoid  group. 

The  inttTUMHiiati'S  ai'celosely  allietl  to  the  Ea<"illuspsittac*osisof 
Nocanl,  the  B.  ieteroi<les  of  Sanarelli,  the  bacillus  of  liog  cholera, 
the  Kacillus  euteritidis  of  Gartner  (meat-poisoning  bacillus)  and  the 
B.  dysenteria?  of  Shiga.  The  Bacillus  ikecalis  alkaligenes  of  Pct- 
rnshki  is  nearly  rehit<"(l  and  sometimes  causes  typhoid-like  infec- 
tion but  it  does  not  lielonii'  to  the  group, 

PaifiokKfh  Amdrmy.—U.  G.  Wells  and  I..  O.  8ct>tt  (1903) 
summarize  the  pathologic  findings  in  five  cases  of  fatal  para- 
typhoid infection,  the  cases  of  Strong,  Longcopc,  Sion  and  Negel, 
Lucksch  and  their  own.  The  most  constant  change  is  splenic 
enlargement  which  is  in  all  rcs|>ects  the  stime  as  that  of  typhoid 
fever  or  septicaemia.     Tlie  endothelial  cells  are  loaded  Math  pig- 
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nieDt  evidently  the  result  of  the  hemolysis  of  the  disease* 

Ini^'stinal  Le^iom, — In  Laiigcop^^'s  and  Strong's  cases,  the 
intestines  were  i|nite  iiniitfected  ;  in  tlie  other  three,  uleenitions 
resembling  those  of  dyi^tnterv  nit  tier  than  tliose  of  typhoid  fever 
were  discovered*  Peyers  patehes  iuhI  the  Bolitary  i'ullieles  were 
pnietically  unatfected  ns  were  nUo  tiie  meBenterie  glands.  In  no 
was  there  generalized  ghindnlar  hypeq>lasia. 

In  Ijongcojie^s  and  llieir  own  case,  foeid  iieeroses  in  the  liver 
Kffering  from  thowe  uf  typhoid  in  Ui*i  eontaining  endothelial  eells, 
were  found.  The  elianges  of  ]>rolilenuion  and  phagorytosis 
deseribed  by  Mai  lory  for  tyi*h<ml  it'Vt-r  were  almost  entirelv  absent 
in  tlie  intestinal  lesions  and  very  slight  in  tlie  jnescnteric  glands, 
not  being  more  eonspienous  in  their  own  ease  than  what  may  be 
seen  in  simple  enteritis. 

The  anatomic  picture  was  that  <tf  a  septicaemia  with  splenic 
enlargement  and  occasionally  non-^j>ceitie  nleeration  in  the  intes- 
tines. The  eseape  of  layer's  patches  suggests  an  essential  if 
obscnre  biologic  difference  between  the  typhoid  and  paratyphoid 
organisms. 

Nature  of  Paraii^phoid  Jiifection. — The  tendency  of  most 
pathologists  at  the  present  time  is  to  r*'gard  paratyphoid  infection 
as  distinct  in  a  baetcrinlugie  sense  rather  tlian  in  a  clinical  or  gen- 
eral patliological  sense,  in  the  samt^  way  as  jinenmonias  of  varying 
bacteriology  are  distinguished  only  etiologically. 

It  ciinnot  be  denied  that  there  are  decided  imthologic  differences 
but  tbc  practical  clinical  identity  and  the  near  relationship  of  the 
bacterial  agents  warrants  the  elassilieation  of  i>anityphoid  inteetion 
as  a  sub  variety  of  typhfiid  infeeti<>n  nnd  the  rejection  of  the  term 
**  paratyphoid  fever '^  as  significant  of  a  separate  disease. 

BACILLUS  COLI  COMMUNIS. 

Sy^onj^tnS. — Bjieterinm  coli  commune.  It  is  customary  to 
speak  id'  the  **  colon  group'*  since  it  ha^  been  reaignizcd  that 
several  anfl  perhaps  many  slightly  varying  tl»rms  have  been 
classe<l  under  the  name  Bacillus  coli  Cijmmunis.  A  luimber  of 
organisms  descril>e*l  under  ditfcreut  names  arc  prolmbly  identical. 
Among  these  are  Bacillus  Ncajjolitanus  of  Emmerich  ;  Bacillus 
pyogenes  ftetidus  of  l*asset.  Severjl  t4her  organisms  are  either 
closely  allied  or  i<lcnfifaL 

Morphology.— The  Bacillus  coli  communis  is  an  organism 
almost  exactly  like  the  typhoid  bacillus  in  appearance.  It  is  rod- 
shaped^  but  sometimes  ehnigated  an*l  fi lauu^ntous,  at  other  times 
(young  forms)  short  and  mther  roundcHl — coccus-like.  It  is 
actively  motile,  and  has  fl  a  gel  la  attached  to  the  periphery  of  the 
bacillus.  The  flagella  are  shorter,  more  slender  and  less  numerous 
than  are  those  of  Eberth's  bacillus  (three  to  ten),  and  the  motility 
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of  the  organism  is  less  uniform  and  at^tive.  It  may  be  stainetl  by 
ordinary  s<^lutions  of  aiiiliii  i\yi*i^y  (Kirtictilarly  with  alkaline  or 
earbolized  solutions.  It  i?5  decolorizeil  by  Gram's  staining-niethod. 
Thestaineil  baeilhis  shows  light-eolored  or  unstained  portions  like 
those  of  the  typboitl  baeilliis.    True  spores  have  not  l>e4'n  dettx-ted. 

Cultivation* — The  organism  grows  Inxiniantly  njKin  ordinar}'' 
media.  The  most  dislinetive  growlb  is  obtainetl  np*>n  acitl  [M>tato. 
An  elevatetl  l>rou'niHh  eolony  is  prodtieed,  wbieh  is  usually  easily 
distinguished  frurn  the  typhoid  eulture  in  the  same  medium. 
When  euitivated  in  gelatin  or  agar  etmtaining  ghieose  active  gae- 
pnuluetinn  results.  In  liquid  media  (bouillon)  a  iKHiviiliar  odor  is 
devehvped.  Addition  of  nitrites  and  pun*  hyib^oehlorie  or  sul- 
phurie  acid  causes  a  rose-reil  en  lor — indr4-rraeti*m.  Milk  is 
readily  eoagulated  partly  as  a  result  of  aeid  lorn  Kit  iun  and  jjartly 
by  tile  elaburatiim  of  a  roagulating  fermeni:. 

Distrlbutiati  and  Pathogenicity,— The  eolon  baeilhis  is  a 
normal  inhabitant  of  the  gastru-intestiual  traet.  It  seems  to 
exen-ise  a  benettoia!  efleet  in  restraining  (l>y  its  own  active  growth 
and  aeid  formation)  the  growth  of  putrefaetivLvinid  possibly  patho- 
genic organisms.  In  certain  ijiHammatory  cbscases  of  the  intes- 
tines, Iiowever,  it  seems  to  increase  in  munbers  and  ilonbtless  also 
in  virnlenee.  The  organism  may  be  found  outside  the  body  in 
various  sittuitifuis,  particularly  in  water. 

The  bacillus  eoli  is  eiipable  of  producing  inflammatory'  eondi- 
tions  in  diHerent  situations.  Injeeted  into  tlu'  peritoneal  cavity 
of  animals  it  gives  rise  to  acute  tiininopurulent  peritonitis,  and  in 
other  parts  of  tite  borly  hits  anah^goiis  effects. 

It  has  been  found  in  various  diseases  of  the  gastro-intestinal 
tntet,  of  the  biliary  jmssages,  of  the  urinary  system,  and  of  other 
part>s,  and  is  doubtless  the  direct  cause  of  some  of  tliese,  as  the 
conditions  present  are  practically  the  siime  as  those  proiJuced  by 
experimental  iucwulation  of  pure  eultun^s. 

Among  the  gtistro-intestinnl  troubles  it  has  been  foimd  in  sns- 
pieious  abundaui-e  in  various  forms  of  enteritis,  in  the  distended 
anil  sup{>urating  appendix,  and  even  in  Asiatic  cholera.  It  is 
known  that  the  strangulation  ijf  a  knuckle  of  intestine  by  a  liga- 
ture leads  to  rapid  inerease  of  virulence  of  the  contained  baeilli. 
It  is  possible  that  in  a[i[M^ndicitis  and  in  otlier  intestinal  diseases 
similar  conditions  lead  to  increased  infectivity,  and  thus  cause  an 
onlinarily  ban n less  organism  to  become  virulent.  In  tfie  eases  of 
Asiatic  eliolera  in  which  tliis  organism  has  been  tVnmd  the  specific 
germ  of  cholera  has  |)robably  been  overlooked  or  ha.s  disajjpeared 
during  the  rapid  multiplication  i>f  the  saprophytic  IJaeillus  coH, 

Peritonitis  may  result  fnun  escape  of  the  l)acillus  thrtjugh  a 
ruptured  intestine  or  directly  tlirougli  the  wall  of  the  bowcL  The 
latter  is  particularly  prone  to  oet^ur  in  cases  of  strangulation  of  the 
intestines. 
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Various  ioflamniaton'  disea.ses  of  the  urinary-  tract,  sueh  as 
cy«^titis,  pyelitis^  mid  pyelonephritis,  arc  c>ccasioned  by  this  i^rae 
g^rm,  which  first  rear^hes  the  bladder  through  the  urethra  or  by 
penetration  of  the  wall  of  the  Ixiwel  and  then  of  the  liladder,  or 
in  other  cases,  infects  the  kidney  primarily,  having  been  carried 
there  by  the  blood. 

Finally,  there  are  causes  of  peritonitLs  secondary  to  enteritis^ 
plenrtsy^  eDdocarditis,  and  other  iiiflatiiniator)"  diseaaes^  apjiareutly 
catised  by  this  organism, 

Patliologic  Physiology.— Little  is  known  of  the  toxic 
effects  of  coli-intection.  Some  toxic  substance  is  doubtless 
produced.  A  reaction  similar  to  the  Widal  redaction  obtainetl 
with  the  t}"phoid  germ  lias  been  found  to  cKXJur  when 
cultures  of  the  eoli  bacillus  are  subjected  to  the  action  of  serum 
from  an  animal  inoculate^l  with  this  organism  or  from  a  person 
suffering  with  appendicitis  or  other  diseases,  either  due  to  coli- 
iniection  or  acconipaniefl  by  8Uoh.     Occasionally  the  coli  bacilli 


^ 

^ 


^6^  tt.— SptriUam  of  Asiatic  cholen.  fmrn  a  bouliion-cuUure  three  weeks  old,  tbowtnc 
nambers  of  long  aplml^ :   ■'  I****  ( Frankel  and  Pfeiffer). 

agj^lutinate  and  their  motility  is  checked  by  typhoid  serum*  The 
explanation  of  this  may  be  that  in  certain  oases  of  typhoid  fever 
the  coli  bacillus  is  also  active  in   the   intestines,  and   in   conse- 

aiience  a  mixed   form  of  infection   is  present.     In  part  it  is  also 
le  result  of  the  presence  of  ij;nnip  agglutinins  that  art  on  diftcTent 
bat  allie<i  organisms* 

THE    DYSENTERY   BACILLUS. 

Certain  types  of  dysentery  in  the  tropics  and  of  acute  dysen- 
tery' of  temperate  climates  are  aceonipanied  by  liacilli,  first  recog- 
ni/id  by  Shiga,  and  afternanls  htutlied  by  Flexner,  Park,  Kruse, 
and  others. 
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The  organisms  resemble  thosi^  of  the  colon  groop,  being  non- 
motile  baeiUi  with  few^  if  any,  flagella. 

In  gelatin  culture,  the  colonies  reaemble  those  of  typhoid 
bacilli  more  closely  than  tliost^  of  tlie  colon  group*  In  bouilhm  a 
diffuse  cloudiness  without  production  of  iudol  is  observed,  lu 
glucose  bouillon  the  bacillus  drM?8  not  prtxhice  gas  nor  acid.  Tlie 
organisms,  as  observed  by  different  ubiscrvers,  have  differed  in 
some  particulars.  The  original  form  recognized  by  Shiga  dws 
not  ferment  mannite,  maltose  or  saccharose*  fcJome  of  the  later 
types  liave  been  found  to  ferment  mannite  and  to  proihice  indol^J 
while  still  others  actively  ferment  mannite  and  also  maltose  and  ' 
saccharose. 

Animal  cxpt^rimeuts  have  given  certain  suggestive  results  and 
the  serum  of  inoculated  animals  contains  agglutinating  and 
iraoiuue  bodies. 

The  pathological  anatomy  anil  physiology  of  dysentery  will  be 
conmdered  in  the  section  on  Ifn^easm  of  the  Infesiints, 


CHOLERA, 

Sefiiiitioti* — -Cholera  is  an  acute  infectious  and  contagious 
disease  caused  by  a  spirillum  or  vibrio. 

IStiolog^* — The  specific  cause  of  chi>lcni  is  the  Spirillum  or 
Vibrio  cholene  Asiaticfp.  This  organism  is  frequently  spoken  of 
as  the  comma-baeillus  of  Koeli.  It  is  a  short  rod,  from  0.8  to 
2  fi  in  length,  and  usually  siimewhat  i-nrved.  The  tt^rni  comma- 
baeillus  is  ap|ilied  to  it  ou  account  of  the  latter  fact*  It  is  found 
abundantly  iu  tfic  rice-water  discharges  of  choleraic  [)atient^,  and 
is  not  nirely  arranged  in  nnvs,  themgh  the  vibriones  are  not  actu- 
ally attached  Ut  one  another  (Fig.  88).  It  is  motile,  the  mrnility 
being  due  to  a  single  flageltum  attjiched  at  one  end*  In  artiticial 
cultures  the  (»rg:inisms  are  actually  joinctl  to  form  spinils  of  greater 
or  less  length,  aJ»d  these  may  present  a  ra |>id  rotary  movement. 

The  demonstration  of  the  cholera-spirillum  is  usually  easy,  as 
ordinary  stains  color  it  intensely.  Even  the  Hagellum  may  be 
stained  by  the  ordinary  stains,  though  more  definitely  show*n  by 
special  methods, 

Ciiltivation* — The  cultivation  of  the  spirillum  is  usually  easy* 
Cultures  may  be  obtained  upon  agar-agar,  blood-serum,  or  other 
media,  but  the  gelatin-culture  is  most  characteristic.  In  puncture- 
cultures  the  growth  occurs  along  the  entire  length  of  the  puncture, 
but  particidarly  at  the  top,  where  the  supply  of  oxygen  is  abun- 
dant; and  the  gelatin  beeoraes  liquefied.  This  gives  rise  to  a 
peculiar  nail-shaped  or  funnel-shaped  forniation  (Fig.  89).  In 
plate-cultures  the  growths  first  appear  in  the  lower  strata  of  the 
gelatin  as  small  gramdar  whitish  spots  which  extend  toward  the 
surface,  liquefy  the  gelatin,  an<l  tlnis  produce  excavations*     The 
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.—V\mQi- 
urC'Culttir«  in  gcl> 
atiii  of  spirillum  of 
cholera;  sixty  hours 
old  (Shakespeare  ^ 


^^^  irance  to  the  naked  eye  suggests  small  air-Liilihlps  m  the 
^teledia.  Under  low  powers  of  tbe  microseoije  the  cnhure  is  seen 
to  be  coarsely  gniniilar,  the  size  of  the  granules 
varying  with  the  age  of  the  culture.  The  Itotttun 
of  the  growth  presents  an  appearance  like  tiiat  of 
a  Burfaee  sprinkled  with  [Miwdered  glass. 

When  grown  in  houi Hun  or  other  liquid  media 
the  cholera-microbe  prixltieea  nitrites  and  iudo!, 
so  that  the  addition  of  a  little  pLirt*  sulphuric  aeid 
or  hydrochloric  aeid  leads  to  a  reddish  eolomtion 
(indol).  This  may  be  cxtracteil  with  chloroturni 
or  benzol,  and  '^^holera-red''  nuiy  be  thus  obtained. 
The  indol  reaction  is  not  absolutely  diagnostic 
since  other  spirilla  may  cause  it.  Negatively, 
however,  the  test  is  extremely  useful  since  its 
absence  exelndes  the  ebnlera  gcrui.  A  definite 
quantity  of  [x^ptone  is  ncces.s;iry  to  make  the 
test  reliable,  Tbei-elore,  instead  of  Ijouilhrn  an 
alkaline  1  per  cent,  peptone  solution  containing 
0,5  per  cent,  of  sodium  chloride  is  preferable 
(Dunham). 

The  cultures  of  eholeni  grow  best  at  a  temper- 
ature about  that  of  the  budy,  l)Ut  they  nuiy  thrive 
at  mneh  lower  degr^'cs  e^f  heat.  Exposure  to  a  temperature  of 
52°  C.  (125.6*^  F.)  for  four  minutes  nuiy  cause  their  destrnetiou, 
but  ten  or  fifteen  minutes'  ex[>osure  at  65^  C.  (131^  F.)  does  not 
always  })rove  destruetive.  They  may  thrive  in  distilled  water, 
or  m  water  containing  saline  matter ;  in  or  upon  various  forms 
of  foml ;  up<)U  clotJiing  ami  the  like.  The  resistance,  however, 
is  not  very  great,  and  this  has  been  urged  as  an  objection  to  the 
likelibf>od  (*f  the  organism  being  the  cause  of  a  disease  liaving  such 
evident  tenacity. 

Distribution, — The  cholera -spirillum  is  found  only  in  the 
intestinal  contents  and  mucosa.  The  orgtUiism  has  never  been 
found  in  the  blood  nor  in  any  organ  or  tissue  except  the  gastro- 
intestinal tract. 

Fathogemcity.—Thc  pathogenicity  of  the  cholera-spirillum  is 
now  admitted  universjilly.  Injcctetl  into  the  {x^ritoneum  of  ani- 
mals it  causes  a  rapid  fall  of  tcmpcnitnn^  abdominal  tenderness, 
and  cfiUapse,  The  jicritoneum  shows  signs  of  begijining  inflain- 
^ination,  and  the  organisms  are  found  in  abundance  within  the 
cavity.  It  has  been  possible  also  to  produce  intestinal  changes 
almost,  if  not,  identical  with  tiiose  of  human  cholera  in  animals  by 
arresting  the  peristalsis  of  the  intestines  with  injections  of  opium, 
rendering  the  liquids  of  the  stomach  alkaline  with  sodium  carbonate, 
and  then  feetling  cultures.  In  man  a  few  autoinfections  have 
been  practised,  the  experimenter  swallowing  cholera-cultnres.     In 
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one  case  at  lea^t  typical  cholera  was  admittoLl  by  Pettenkofer,  the 
most  important  opponent  of  the  acceptanee  of  tliis  germ  as  the 
specitie  cause.  The  celehrated  case  of  Dr  ( )ergt:4  who  dieil  as  a 
rei^iilt  of  hihoratory  autoHiociikition  seems  pnietically  conclusiv^e. 

Otlier  Causes  Operating  in  Cholera. — Certain  climatic  conditions 
favor  tlie  devehipinent  of  the  disease,  ThoK  it  is  constant  in  cer- 
tain regions  of  ludia^  untl  spreails  thence  when  the  conditions 
become  favoniljle.  The  evidence  shows  that  the  genn  is  carried 
by  individuals,  or  by  infected  food  and  tlie  like.  The  disease 
Hourishes  in  warm  seasons  of  the  year,  and  an  epidemic  is  usually 
brought  to  a  close  by  winter  frosts* 

Individual  disjKJsition  plays  a  part  in  the  occurrence  of  the 
disease,  for  the  gemi  is  easily  destrovcfl  l>y  the  acid  gastric  secre- 
tions, and  infection  is  there  lore  most  likely  to  occur  when  gastro- 
intestinal derangements  furnish  a  favorable  predisposition. 

Pathologic  Anatotny,— The  lesions  of  this  disease  are 
found  in  the  intestinal  tract,  and  will  be  described  in  the  ajtpro- 
priate  section. 

Secondary  lesions  of  other  organs  are  met  with  in  sevei*er 
cases,  anil  result  from  the  circulation  of  toxic  substances  produced 
by  the  bacillus. 

Pathologic  Physiology*^ — A  munber  of  toxins  have  been 
isolated  from  the  blood  of  cholera-|jatients  and  ironi  cultures. 
The  exact  nature  of  these  and  the  relations  uf  the  seventl  forms 
remain  to  be  determined.  It  is  certain,  however,  that  toxins  pro* 
dneed  in  the  intestinal  tract  ^ive  rise  to  many  of  the  symptoms 
of  the  disease.  Injection  of  the  filtrate  of  cultures  causes  collapse 
and  Mther  synipttjuis  lilve  those  of  tlie  algid  stage  of  the  disease. 
The  principal  toxic  substance  seems  to  be  closely  attached  to  the 
organism  itself  (endotoxin]  hut  a  secreted  toxin  may  also  be  found 
in  the  culture  fluid  when  the  organisms  are  enclnscd  in  a  collodion- 
sac.  The  human  itr  animal  organism  in  gome  way  develops 
immunizing  or  protective  substances  in  the  course  of  infection,  and 
it  has  been  found  jxissible  by  a  process  of  vaccination  with  cul- 
tures of  gradually  increiusing  virulence  to  protect  animals  and 
human  beings  from  tlic  disease.  Hairkine's  protective  vaccination 
of  human  l>eings  yielded  very  encouraging  results.  He  inoculated 
200,000  pCTsons  in  Indiii,  Pfeifter  found  that  the  serum  of  animals 
so  vaccinated  had  a  distinct  action  njion  cholera-spirilla,  causing 
their  agglutination  or  destruction,  and  possibly  in  this  way  exer- 
cising a  protective  influence.  This,  or  a  similar,  reaction  has 
DOW  been  perfecte<l  in  the  case  of  typhoid  bacilli,  and  forms  the 
basis  nt"  the  well-known  Widal  test.  The  same  test  is  applicable 
to  Asiatic  cholera. 

The  rapid  and  copious  intestinal  discharges  of  cholera  lead  to 
considerable  inspissatifin  of  the  blootl,  and  doubtless  contribute  to 
the  causation  of  some  of  the  symptoms  of  the  disease.  Examination 
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of  the  blood  during  the  lieight  of  the  raalady  may  show  greatly 
increased  numbers  of  the  red  blood-corpuscles. 


Organisms  Resefnblini^  the  Cholera-vibrio. 

Spirillum  of  FinMer  and  Prior. — This  organism  was  discovered 
by  the  investigators,  whose  names  it  bears,  in  the  stools  of  a  i-ase 
of  cholera  nostra.s.  It  resembles  the  vibrio  of  Asintic  ehoh^a  in 
its  sliape  and  .somewhat  in  its  nianner  of  growth  and  its  prociue- 
tion  of  the  iudol-reiiction.  It  dillerj?,  liowever,  in  heiug  somewhat 
longer  and  more  slender  and  in  coagulating  milk  when  this  is  used 
as  the  culture-mediunk  The  growth  upon  gelatin  is  more  rapid, 
so  that  within  twenty-four  hours  in  the  ease  of  a  puueture-eulture 
the  liquefaction  has  proceeded  so  far  all  along  the  puncture  that  an 
elongated  sac-like  exenvation  is  formed,  in  which  turbid  liquid  is 
contained.  It  lias  not  yet  been  proved  that  this  organism  has  an 
etiologic  relation  to  cholera  nostras  ;  its  pathogenicity  is  im- 
probable. 

Spirillum  T3rT0fenicum.— ^This  is  an  organism  dis<"overed  in  old 
cheese  by  Dcnceke.  It  resembles  the  last-named  variety  very 
closely,  and  dit!ei*s  from  the  viln^io  of  cholera  in  li{juefying  gelutin 
quickly,  though  the  ra])idity  is  not  so  great  as  in  the  ease  of  the 
Finkler  and  Prior  organism. 

Spirillum  Metschuikowi, — This  organism  M'as  discovered  by 
Garaalcia  in  the  intestines  of  chickens  affected  with  cholerifonu 
disease.  It  is  somewhat  shorter  and  thicker  than  the  cholera- 
spirillum.  In  culture  it  resembles  the  vibrio  of  cholera  very 
closely,  thougli  the  trained  bacteriologist  can  easily  distinguish 
them.  The  organism  is  non-jiathogcnie  for  man,  but  ehiekeus, 
pigeons,  and  guinea-pigs  are  highly  susceptible. 

Besides  these  spirit  hi  or  vihriones  which  have  been  discovered 
in  %"arious  diseases,  a  number  of  <>rgauisms  that  resemble  closely 
the  spirillum  of  eh<ileni  have  been  ftumd  in  the  water  of  streams 
supplying  the  drinking-water  of  cities.  Among  these  Neisscr 
deseribeir  the  Spirillum  Bertjliuensis,  obtained  fmm  the  water  of 
the  Spree  in  1893.  Duuhar  and  Oergcl  isolated  a  similar  organ- 
ism from  the  water  of  the  El  lie,  and  a  nund>er  ot*  others  of  like 
character  are  known.  The  relations,  however,  of  the  (lifterent 
ibniis  to  each  other  and  tlie  ditfercntiatit>n  of  these  varieties  have 
not  as  yet  been  detinitely  deternnned. 

PatJiogenicity.^ — Stjme  of  the  forms  dr^st*ribed  produce  violent 
gastro-intestiual  disturV»ance  and  death  in  a  certain  proportion  of 
animals  prepared  l>v  injection  of  opium  and  alkalinization  of  the 
intestinal  tract  witli  smla  and  then  fed  with  pure  cultures  of  the 
orga.nisms.  They  are  evidently  highly  irritating  Imcteria,  and 
9ome  remote  relationship  seems  to  exist  between  them.  This, 
however,  cannot  be  positively  asserted. 
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TUBERCULOSIS. 

Definition. — The  term '  tuberculosis  refers  to  various  condi- 
tions due  to  infection  with  the  tiibercle-baeilluSj  no  nuitter  what 
the  form  or  individual  peculiarities  of  the  case.  The  name  was 
originally  employed  betiause  of  the  occurrence  of  small  nodules 
or  ^*  tubercles.*'  It  must  be  remembered^  however,  that  other 
diseases  ghow  small  miliary  nodules,  perhaps  imlisting^uisljable  to 
the  naked  eye  from  miliary  tubercles,  and  that  tuberculosis  some- 
times occurs  without  a  single  definite  tubercle. 

Etiology.—Tuberculosis  is  infectious  and  contagious,  the  ba- 
cilli being  transferred  by  the  secretions  and  excretions  from  dis- 
eased |>ersons  to  a  susceptible  individual  through  the  air,  food, 
drink  J  or  in  other  ways*  The  infectious  cha  meter  of  the  disease 
was  long  suspected »  but  was  definitely  ]>ri>ved  by  Villemin  in 
1865,  and  in  1882  Kocli  succeeded  in  isolating  the  infective  ba- 
cillus. Predisposing  causes  are  of  some  importance.  Formerly 
family  susceptibility  was  thought  an  all -important  cause,  and  the 
disease  was  supposed  to  be  transmitted  directly  in  families.  At 
the  present  time  we  recognize  the  transmission  of  susceptibility^ 
and  very  rarely  transmission  of  the  disease  itself^  from  parent  to 
child.  Susceptible  persons  fre^piently  show  delicate  organization 
with  poor  development  of  the  body,  particularly  of  the  chest. 
Besides  inherited  susceptibility^  acquired  predisposition  may  result 
from  occupations  which  lower  vitality,  from  grief,  prolonged  ner- 
vous strain  and  exhaustion  ;  and  some  one  of  the  organs  may  be 
Bpeei«illy  predisiKised  by  injuries,  as  in  cases  of  tuberculosis  occur- 
ring in  the  lungs  of  those  inluiling  sharp  particles  of  metal,  coal, 
and  the  like.  Such  mechanical  lesions  prepare  a  place  of  lesser 
resistance,  and  tubercle-bacilli  more  easily  gain  a  footing  than  in 
normal  tissues.     Continued  local  anemia  seems  to  predispose. 

The  kuman  Itditreie  fxtcillnJi  is  a  rod-shapeil  orgiuiism,  1.5  fi  to 
3,5  n  in  length  and  from  0.2  ft  to  0.5  /i  in  breaiith.  8onietimes 
it  is  even  longer,  especially  after  cultivation.  It  oileu  occui^  in 
pairs  or  in  groups  arranged  end  to  end,  but  not  overlapping,  and 
evidently  not  attached  the  *me  to  the  other.  It  also  occurs  either 
straight  or  more  or  less  curved,  and  may  njften  be  found  S-shape<i 
or  in  branching  fornis.  When  staineil,  it  may  either  appear  uni- 
formly colored  or  nniy  present  a  beaded  appeamnee.  The  latter 
condition  is  caused  liy  the  alteration  of  pt^rtions  well  stained  and 
intervening  ptuts  with  little  or  no  stain  (Fig.  90).  These  light 
areas  were  fonnerly  regarded  as  sjwres  (Koch),  but  are  now  oe- 
lieved  to  be  the  result  of  fragmentation  of  the  bacillus  and  retrac- 
tion of  the  substance  of  the  *>rgauism  causing  vacant  art»as.  In 
other  words,  the  light  areas  are  tlue  to  degeneration.  They  are 
certainly  not  spores.     There  appears  to  be  a  narrow  capsule  closely 
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applied  to  the  organism  and  the  capsule  seems  to  contain  in 
especial  abundance  the  wax-like  substance  that  occasions  the  pecu- 
liar staining  properties  of  tlie  bacillus.  The  bacillus  is  non-motile 
and  does  uot  have  flagella.  It  is,  therefore,  transported  by  out- 
side agencies  entirely. 

The  tubercle  bacilli  fijnnd  in  man,  cattle,  and  fowl  exhibit 
fitrnctuml  and  oultnml  differeoi^es,  tlnjugli  thiy  are  probably  the 
same  bacilli  exhil>iting  different  i-haracteristics  caused  by  their 
growth  in  different  environments. 

The  bovine  baf^illus  is  mnch  shorter  and  thicker  than  the  human 
bacillus,  being  from  L5  fi  to  2  ft  m  length  and  of  an  oval  shape, 
the  length  being  not  more  tfian  double  the  breadth.  It  is  straight^ 
and  dfies  not  exhibit  the  curved  and  liranehing  forms  of  the  linman 
bacilli.  When  stained,  it  is  uniforndy  colored^  tlie  beading  being 
markedly  absent  Cultures  of  the  bovine  organism  in  glycerin 
broth  are  at  first  acid  but  become  alkaline  while  those  of  the 
human  species  never  become  alkaline*  Tuberculin  made  from  the 
bovine  species  is  alkaline  ;  that  from  the  human  species  highly 
acid* 

The  avian  tuhrrrh*  haei/htJt  differs  from  the  human  bacillus  in 
that  it  is  more  nfteu  club-shaped  and  branetii ug,  und  that  it  gmws 
more  luxuriantly  upon  glycerin  agar  and  bloml-sennnj  and  at  a 
nmeh  higher  tempcnitnte— 45^  C\  (113°  F.).  It  will  also  grow 
on  ordinary  agar,  but  not  on  potato.  It  is  much  more  resistant 
to  heat,  especially  as  regards  its  virulence. 


JflO.  so,— Tabenile-bAcUli  Jei  tha  ipuium ;  SSelu'a  homo;.  Immerelon  ^,  Oc.  4 ;  magtilAed 

about  lOOa  diAm, 

Artificial  culture  of  tlie  Bacillus  tuberculosis  was  first  success- 
fully accomplished  by  the  use  of  blofxbserum  as  a  me<linm. 
The  baciUus  grows  very  slowly  ;  after  ten  days  or  two  weeks 
the  surface  of  the  medium  shows  dn^  flakish  deposit^s,  somewhat 
resembling  the  scales  in  certain  skin-diseases  (Fig.  91).      The 
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edges  of  tbe^  flakes  tend  to  elevate  themselves  a  little,  nrnl  the 
substance  of  the  growtli  has  aonmibled  appearance.  Placed  under 
a  cover-glass  in  muss  and  exam intni  uiih  tla-  mk-ruscop^- these  flak i^s 
are  found  to  be  eomjK>sed  of  rontorttd  nuus??^^  at'  bacilli  (Fig.  92). 
Pure  cultures  are  be.st  »>btaiurd  from  the  lymphatic  glands  «»f  ani- 
mals artitically  infected  and  dcstruyed  before  the  tuberculous  foci 
have  ad%^anced  to  the  stage  of  necrotic  change.  Cultures  may  be 
obtiiiued  with  some  ditticulty  from  the  sputum  or  otiicr  excreta. 
At  the  present  time  bhKMl-scrum  is  h'ss  frequently  08*^1,  as  it  has 
been  found  tluit  agar-ag-ar  slightly  aeidulatcd  and  CHtUaining  a 
large  proportion  of  glycerin,  and  bonilhin  containing  glycerin,  serve « 
as  useful  media.  The  original  culture  is  still,  as  a  rule,  olitaineil  in 
blood  serum  or  coagulated  egg.  Even  potato  and  other  simple 
substances  are  foimd  to  be  satisfactory  media.  The  bacillus  re- 
quires a  rather  even  temperature  for  its  growtli  ;  it  flourishes  best 
at  37.5°  a  (  99.5^  F,  ),  and  dws  not  grow  below  29^  C.  (  84^  1^  ), 
or  above  42°  C\  f  107.6^  F,  ).  Exposure  to  higher  tempcnitnres 
(75^  C.  )(1<>7°  F. )  mpidly  destn>ys  it;  and  strong  sunlight  is 
destructive.  It  refpiires  considerable  air  and  always  grows  ujion 
the  surface  of  the  medium  in  which  it  is  cultivated.  Prolonged 
cultivation  upon  artiiieial  media  lessens  its  virulence. 

DemonstratioE. — Tiie  demonstration  of  the  tulxTclc-bacilbis  by 
stain ing-methods  is  extremely  easy  and  satisfactory.  It  has  \>een 
found  that  this  organixsm,  Hke  that  of  lepra  and  the  smcgraa-bacil- 
lus,  does  not  readily  stain,  but  after  receiving  a  stain  retains  it 
despite  the  action  of  strong  mincnd  acids.  Upon  this  principle 
the  methods  of  sUiiniugart*  based.  Kcwli  useil  as  a  stain  a  geutian- 
violet  solution  containing  anilin-oib  the  latter  playing  the  part  of 
a  mordant  or  an  agent  in  fix  the  sUiin  in  resistant  bacilli*  The 
specimen  was  then  decoh»rized  by  treating  it  with  a  siilution  of  a 
mincnd  acid,  which  removes  the  stain  from  everything  but  the 
tnbercle-haeillus.  A  counter-stain  might  then  be  used  Uy  render 
the  detection  of  tlie  Imcilli  more  easy. 

The  most  convenieut  method  is  the  following :  sputum  is  spread 
in  a  film  u|)on  tliin  eover-glasses  or  slides.  These  are  allowed  to 
dry  in  air  and  then  thoroughly  tixed  by  drawing  the  speeinien 
through  a  Buuscn  flame  three  times ;  a  dr<jp  or  two  of  Zichl's 
solution  of  carliol-fochsin  (see  Appendix)  are  addtn]  an(i  heated 
until  the  liquid  steams.  After  two  or  three  minutes  the  stain  is 
washed  off  with  water  and  a  few  drops  of  Gabbett's  sobition 
(methylcnc-bluc,  2  ;  sulphuric  acid,  25  ;  water,  To)  placed  upon  it 
ami  allowed  to  remain  a  minute  or  two.  The  specimen  is  again 
wjishcd  witfi  water,  and  should  then  l>e  uniformly  blue;  if  not,  a 
little  more  (iabbett's  solntitm  is  addtnl  as  Ix'tbre.  In  this  metliLKl 
the  earbobfuehsin  stains  everything,  including  the  tubercle-bacil- 
lus ;  the  sulphuric  acid  of  the  second  solution  decolorizes  everv- 
thiog  but  the  tubercle-bacillus  ;   and  the  niethylene-blue  at  once 
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Stains  the  cells  and  other  element^?,  leaving  the  bacilli  dark  red. 
Even  more  satisthctory  resultrt  may  be  obtainHl  by  allowing  the 

c^rljol-fuchsin  t*»  ntain  at  onlinary  temperatures  tor  twelve  hniirn; 
and  in  the  staining  of  bu<'iUi  in  tiss^iies  this  prolongt*d  cold  staining 
is  particularly  desirable,     (rram's  metluxl  i^ives  jKisitive  results. 

Distributioii  of  tlie  Tubercle-bacillus .^Tii is  organism  is  prob- 
ably a  pure  parasite,  occ  11  rri  11^  and  inuhiplying  ojdy  in  the  limly 
or  excreta  of  diseased  indiviiluals,  hiuaan  nr  animal*  Spnta  or 
other  excreta  containing  tlie  Imi^lhis  may  tlry  and  retain  the 
bacilUts  in  a  dormant  tliongh  still  potential  form  tor  long  pt  rio<ls 
of  time,  ont^ide  the  body.  Mnltiplieatit^n 
of  the  organism,  however,  probably  very 
nirelym*enrs,  except  within  the  ImkIv.  The 
bacillus  is  fonnrl  iii  the  lesions  of  all  j>arts 
of  the  ImmIv. 

Modes  of  Infection.— The  bacillus  niav 
7^  #"ii  gain  access  to  the  b^nly  citlnT  by  direct  in- 

',J  ^  iJ  oculation,  bv  the  inhalation  iir  swallowitig 


Fig.  91.— Ctiltiirp  «f  tubciTl*> 
tiACini  oil  f^XyrijTin-aent,  four 
wi*«lcj  aid  ( Frill  It  V I  a  ntf  Pfe  lin-r ) 


k1ji«i!«    prcptirHiinti    rrtun  u  fniirteen-diiy-old    blood' 
aeniiu  culiufc;    •  UH)  iFrunki4  ftu4  Pfelffer). 


of  the  gcrni^,  or  by  tiufa-utcrinc  iransferrnce  thivnigh  iIuj  placenta. 
Direct  inficulation  through  external  wounds  is  jxrhaps  move  tre- 
cjuent  than  is  Ijelieved.  Definite  lesions  of  the  skin  have  been 
caused  by  vaeeiiiation,  and  arc  not  infrcqiictit  upon  the  Imntis  of 
anatomists,  in  the  form  of  the  B(x*allc(l  anatomic  tul>erclcs.  In 
some  of  the  cases  of  scrofulous  ^*r  tubrivuhtus  glands  «»f  tlie 
neck  in  children,  it  is  likely  that  the  bacillus  gains  entrance 
through  abnisions  f»f  the  >kin  or  nf  the  miicnns  mcmbnmt*  nf  the 
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motith  cir  pharviix,  Gi^oital  tuber*  "U  Ins  is  Ia  quite  pLissibly  fro* 
cjuently  proflueetl  bv  direct  impiimtation.  The  nio.st  eommon 
iorni  of  iiiffctioD  is  thronj^h  the  ins|iin*d  air.  The  breath  of 
phthisical  patients  does  not  ortlinurily  contain  bacilli,  but  the  dust 
of  n Kirns  in  wliiefi  tuberculous  jiatii^nts  have  lived  may  contain 
numerous  iiaeilli  in  a  tlry  state,  and  these  readily  become  mixed 
with  the  air  and  are  thus  inhaled*  Tuberculosis  of  the  lungs,  nr 
more  rarely  of  otlier  parts  of  the  respiratory  tract,  is  thus  produced 
in  susceptible  persons*  The  swallowiutr  (jf  tuberculous  material 
may  lead  t<*  tul>ercuIosis  of  any  part  of  the  gastro-intestinal  tract 
by  the  direct  iuoculation  that  results.  Thus  intestinal  tuberculosis 
in  piirticular  is  producetb  Sometimes,  liowever,  the  bacilli  pass 
through  the  wall  of  the  iutestine  auil  cause  a  primary  lesion  in  the 
lymphatic  glands  of  the  abdonien,  and  it  is  nut  improbable  tliat 
even  the  mesenteric  lymphatic  glands  may  escape  without  dis- 
coverable lesicm  or  wholly  and  the  final  lodgement  of  the  iufcctiug 
organism  luay  l>e  the  lungs.  Tlie  lincilli  are  swallowed  witli  milk 
or  meat,  or  they  may  gain  access  to  the  mouth,  in  the  ibrm  of  ibhst 
or  particles  of  various  kin<ls,  autl  lie  swallowed  with  the  saliva. 
The  milk  aud  meat  of  infected  cattle  frequently  contain  bacilli, 
and  uudr»ul>ted  instances  of  infection  in  this  way  have  occurred. 
Tlie  prm>f  of  this  is  that  in  some  cases  of  abdominal  tuberculosis  in 
yoimg  children  the  organisms  obtained  in  culttnvs  have  shown 
the  clianicteristics  of  the  lx>viue  species.  Tlie  intra-uteriue  trans- 
mission of  tuberculosis  is  Kire,  but  does  occur.  Most  of  tlie  cases, 
howeverj  of  tuberculosis  in  earlv  life  may  be  explained  as  post- 
natal infections  thnaigh  milk,  inspired  air,  etc.  Some  recent 
authorities  assume  that  a  few^  tubercle  bacilli  tninsferred  from  the 
iiHtthcr  to  the  fetus  may  lie  dormant  in  tlic  fetus  and  cliild  atid 
later  cause  active  infection.  This  liypothesis  rests  u|>cui  no  demon- 
strated facts. 

Relation  of  Human  to  Animal  Tuberculosis*— Tul>erculosis  attacks 
the  lower  animals  with  varying  frccpieucy.  It  is  n^ost  eommon 
in  cattle,  aud  iMcaust*  of  the  pcculianties  of  the  bacilli  and  lesions 
this  form  of  the  disease  is  termed  '*  bovine  tubereul<Ksis."  Slany 
expertriM-nts  !iave  been  made  to  establisli  the  rclatictn  existing 
bet\v»*eu  the  Ijovine  nud  human  forni,'^  of  the  disease,  and  Koch, 
in  VM}\,  made  the  statement  tiiat  the  two  were  ilitierent  dis- 
eases antl  probably  w^ere  not  intercom muuical)le.  Kavenel  dia- 
[)roved  dii.-^  asM-rtion  by  proihicing  the  disease  in  cattle  with 
mcilli  obtained  frotu  luuiiau  sources^  altluuigh  the  animals  exhib- 
ited a  high  grade  of  resistauce  t4i  sueli  au  infcetum.  At  tire  same 
time  lie  reportetl  4  cases  of  accideutid  IcK^al  infei-tiou  in  man  with 
the  iHiviur-  bacillus,  lie,  theretbre,  nutiutains '*  that  human  and 
bovine  tuberculosis  are  bul  f tightly  different  manitcstations  of  one 
tttid  the  same  disease,  and  tiuit  they  are  interec»mnumicable,^'  Less 
frequently  tulicR^ulosis  occurs  in  hogs,  goats,  horst^s,  dogs,  cats, 
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slieep,  rats  guiiieii-pig.s,  and  rabbits.  All  these  animals  are  more 
ftiii^eeptible  wbeii  kept  in  eonfincineiiL  Captive  monkeys  are 
highly  suseeptible.  In  all  ttiese  iinirnals  tlie  rliseaM'  i,s  proluibly 
iiitereoniniitniealile  with  tninian  tuljerciilosis,  but  the  lesions  are 
not  alwavs  identieal  with  tliose  foiuid  in  ihe  latter  lUsease,  Binls 
and  fowl  of  various  kinds  are  suseeptible,  tliongh  the  disease  is 
somewhat  diifrreut  in  them  from  that  seen  in  man  (see  Fowl- 
Tubereijlosis).  Ttiljercnlosis  of  eold-i*hKMled  animals  has  also 
bf  en  reeogrvized.  Tlie  form  cd"  disease  in  the  latter  is  atypieal,  and 
tlic>  baeilhis  shows  peculiar  ebanieteristies,  but  tends  to  upproaeh 
the  form  of  the  In i man  bacillus  by  successive  passag^e  through 
animals. 

Animals  may  become  infected  from  man^  and  may  further 
spread  the  infeetion  by  their  diseluirges  and  exeretions.  In  the 
case  of  eattle  tlie  ilanger  of  <lissemi nation  is  jiartieularly  great, 
because  <»f  the  danger  to  man  of  infection  tli rough  tlie  diges- 
tive tract  by  means  of  tuberculous  milk  or  meat  insufficiently 
c*w)kcd» 

Aceording  to  the  best  testimony  available  at  the  present  time  it 
seems  likely  that  the  Iioman»  bovine,  avian,  and  otlieranimal  species 
nr<'  simply  variations  of  one  common  bacterial  organisnj.  Not 
improbably  the  peculiar  I'haraeteristics  may  l>e  ai'fpiired  in  the 
human  bo<ly  or  the  animal  after  tlie  tjriginal  infection.  Thus  the 
proof  of  the  original  scnirce  of  the  infection  may  be  lost. 

Pathologic  Anatomy.^Tubereulosis  is  characterized  by  the 
erupti<*n  of  sujall  nofhdes  v^irying  in  size  from  one  or  two  mi  1  li- 
me ters  in  diameter  to  that  of  a  small  pca»  These  are  known 
as  miliar f^  titfMiX'h\s.  As  already  mentioned,  tlie  tatter  in  gro^s 
appearanee  are  not  distinctive  of  tnbercuh»sis,  as  similar  hckIuIcs 
are  met  with  in  othcT  diseases.  Besides  the  tubercle  there  are 
inflammfttorif  kmonj<  occurring  between  the  tul>ercles  and  varying 
with  the  anatomic  i*haraeter  of  the  organs  affected.  Thus  in  the 
bmgs  tile  tubercle  may  be  inconsjMeuous,  whereas  the  pueumonic 
infiltration  nf  the  Inng-t issue  surrounding  the  tubercles  and  tilling 
in  the  s{>aces  between  them  gives  the  organ  its  most  striking 
anatomic  characters.  There  are  instanc*'s  of  tnbeivulosis  in  which 
the  whole  i>rcx'ess  nms  its  course  withotit  the  development  of  any 
definite  tuWrcles,  For  example,  in  the  Inngs  the  inhalation  of 
tubende-bacilli  in  considerable  nuudK  r  may  be  followed  by  rapid 
tuliereidous  pneumonia  without  flelinite  tubercles,  and  in  other 
sitnations  similar  results  may  be  produeed.  In  the  further  prog- 
ress of  a  case  of  tuberculosis  eaM'om  change  is  important.  This 
may  present  itself  in  the  form  of  areas  of  considerable  size  having 
a  dull,  opatiue,  luster  less,  grayish  or  whitisli  charactcT,  and  not 
inaptly  likeneil  to  the  appearant^e  of  eheese.  Tiu^se  centers  of 
wiseons  necrosis  may  finally  iK'conie  liquefied,  and  cavity-forma- 
tions   may    n!sult.     These  clianges   are    particularly  frequent   in 
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tulieruulosk  of  tlM-  luopi.  len^  freqiK'iJt  in  tiotDes,  ddn,  glands 
kidii^}>:.  Ld  wttinw^taon  "witij  ral^erpuloa*  of  bones  there  nunr 
be  formed  «iiuiU  or  lai^  ^iviti^  filled  with  liqoefi«d  csdecmfs 
or  purifrinii  materiaLl.  Tbe*ie  may  JDvolve  the  si2iTomidiii«:  ti^ 
Hue*-  a*-  \\*f\\  tu!^  tbe  \Mjiatf^  tbemftelves.  Tbe  term  ocJd  abf^^eaf^ 
it  applied  tc»  tbem.  Small  tul>ert-ular  area^  and  dometniDeB  <*v«i 
lanere  loci  are  pfjue  tt*  Ix*  «urn>m>ded  by  reacitive  fibtxwiMassDe 
IrypHr^JaKia.  auo  tiiuf^  a  <ir>mplete  eDcapsulatkiD  may  resoll.  fimall 
i'o<;i  may  Ijf-  iuuii'«.tfiuJy  traiifdR^rwed  by  organizatioD  of  prcilifenitiiig 
coiiue«.n.jve  tJ*s*iue  aud  may  Ix-  tbu^  entirely  beakd.  li  cnber  cae^e* 
simiile  ^JU'^apHuiatioD  Ofx-urr-,  tbe  tuljerculous  mas^  m-hbin  pc-Aajif 
miaer;yr'.»iii^  *^dii*^ali^jii.  Tbeee  changes  will  be  m<a>e  parDcolarly 
rderred  lo  belov . 


>i'..   K..->!.:iu'-y  lu-j 


pan*,  t] 


'JuUnuloU'-  ]«-Hon«rof  tlie  muam.^  membraDe>  iVinjuenily Ix^in 
MJtlj  t]j«-  ionjiatiojj  of  dirrtiurt  tiib^-n.-k^  *.»ivni>yinir  the  deeper 
layers  of  thi-  njii<r»-ia  or  the  ^ubIlJ^l<^•^a.  Thtx-  hv  ix>nflut'nce  may 
i'onu  <^>ij»-i<ierable  anrsir  of  tuln  reulou-  di^<«se.  while  at  tbe  same 
liuie  n^tiv*;-  iuflamniation  of  the  .-ummndintr  tis>iu^  add>  to  the 
man^.  S>r»ij<-r  or  later  ulrx-rative  eli:nij^t^  ii|H»n  tho  Mirfac'e  make 
their  api>earane«,-  and  irn^gtilar.  iiion-  or  U'>>  necn>tii*,  ulcers  iv- 
Buit.  I'lie  iHi.^HyM'!^  api>ea ranee  f»f  these  and  the  ixvuireiK^  of 
dibtinct  tul>erf.*le«  in  the  Mires  or  ha^  manifest  the  character  of 
the  pnxj^ftK. 

Stnicture  and  ETolntion  of  the  Tnbercle. — When  the  tubercle- 
bacillus  b  receiveid  into  any  tissue  or  organ  its  fii^t  effect,  acciml- 
iog  to  the  investigation-?  of  Ikumtrartenris  to  stimulate  or  irritate 
tbe  fixed  connective-ti-srue  elenu^nts   an*!    endothelial   cells  and 
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cause  a  pmliferatinn  nf  roiuid  cells,  which  resemble  in  their  hIjuji- 
dance  of  pn>t(i|)liii?ni  tlie  epithelial  cells,anil  are  t  f  if  re  fu  re  known  as 
epithelicml  cells.  These  [jave  tisiially  a  sin^^le  nueleiis,  nf  nuher 
ek'ar  vesicular  appearaneL-,  not  deeply  stainingj  ainl  a  relatively 
targe  amount  of  prtJtupla^m.  They  may  be  pnuluced  in  greater  or 
less  abuniiancCj  us  the  first  reactive  change  of  the  tissues  t*j  the 
irritati^ju  t>f  the  tuberele-haeilli.  Next  there  follows  an  infiltration 
with  h/tikocytes  from  the  ^nrromuiing  l>looi!-vessels  or  lymplioid 
collei'tifins  euniniuM  to  all  tissues;  anil  the  fotnis  at  irritation  thus 
Ijecoine^  surrtmnded  with  numerous  small  round  eel  Is  mostly 
moiionnelear,  with  darkly  staining  nucleus  and  a  email  pmtophtsmic 
b<Hly  (  Fig.  93  )*  In  more  acutely  formed  lesions  poly morpho- 
imelear  leukocytes  are  more  ahundant.  This  lenkncytic  infiltratit>n 
represents  the  reaction  c>f  the  vasenlar  system  to  the  tuberculoviB 
irritation  uv  infeetion.  The  number  of  small  round  ceils  varies 
greatly  in  tliffercnt  instances.  Sometimes,  as  in  certain  tubercles 
of  lymphatic  glands,  they  may  he  relatively  few,  while  the  epitlie- 
lioid  cells  are  present  in  ahundimee.  In  other  cases  the  leukoeyteg 
are  go  tpnekly  attract cd  and  in  snch  nnndiers  that  tlic  tnltcrcle 
seems  composed  <pf  these  ( ells  ahine,  no  epitliclioic]  cells  ajipearing 
in  view.  These  tnherehs  art*  known  as  tlic  lymplioiih  In  the 
later  stages  the  nnuid  cells  may  disappear  by  degeneration,  exj>os- 
ing  the  previonsty  Ijidden  f^|)itheHoid  vvWs  to  view. 

At  tlie  stage  of  the  tubercle  when  it  is  composed  mainly  of 
epithelioid  and  lymphoid  cells  it  ajipears  to  the  naked  eye  as  a 
gRiyisii,  somt^what  tninshic»ent  p<'arly  lnMly,  It  is  avascular,  no 
tendency  toward  fi*nnation  of  nt  w  blfjotl- vessels  being  apparent. 
In  the  further  evohition  of  the  lesion  <lcgenerative  clnmges  take 
place*  These  are  hyaline  degeneration,  coagulation-necrosis,  fatty 
change,  and  eventually  a  transformation  into  cheesy  material, 
the  S(>ealle<l  caseous  necrosis.  These  changes  result*  from  the 
specific  action  of  the  living  tubercle-bacilhis,  though  in  part 
also  from  the  avascular  cunditii>u  of  the  tissue.  Avascularity 
alone,  however,  is  not  the  cause  of  caseous  necrosis.  One 
of  the  first  changes  noted  is  a  granular  change  in  the  cell- 
protoplasm  which  lessens  the  affinity  of  tlie  cell-protoplasm 
ami  of  the  nucleus  for  t>rdinary  stains.  There  mny  he 
seen  among  the  cells  of  the  tubercle  here  and  there  indi- 
viduals which  show  this  l>eginning  necrosis.  These  are  usually 
grouped  in  the  center  of  tlu^  tuhercle,  though  at  times  also  at  dif- 
ferent points*  The  outlines  of  these  cells  become  less  <listJiiet  and 
they  are  progressively  less  deeply  stained,  imtil  with  advant^ed 
necrosis  the  cell  is  broken  down  into  parti<'les  or  debris  (Fig.  94). 
In  the  early  staercs  of  necrosis  tlie  c[i!tlielioid  cells  tend  to  form 
giant  cells  eitlicr  by  <'iialcsccuce  of  neighhoring  epithelioid  cells  or 
by  division  of  the  nuch-us  without  division  of  the  cell-body.  The 
gmnt-cell  i§  not  characteristic  oi'  tuberculosis,  as  it  may  be  found 
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iit  riiaiiy  of  the  specific  inflammations  aad  aLso  in  foci  of  chronic 
innliiti{jii  due  to  fon'i|T;n  bodies,  as  well  as  in  tumors.  In  no  con- 
dilion,  hovveve?*,  are  they  so  abundant  or  so  eonspieuous  as  in 
tnbtrenlosis.  In  sihoo  eases  they  niay  not  be  seen  in  tiie  tnben^le.s 
at  iuiy  stage,  fu  otlier  eases  tboy  are  very  nunierons,  Tl*e  giant- 
cell  falls  an  early  victim  to  the  advancing  neerosis.  Perliaps  in 
fliet  the  formation  of  the  giant-i'ell  is  an  evidence  of  beirirmin^ 
nef^rosis  and  the  division  of  nuclei  without  division  of  the  cell  is 
an  (>vlih*nct^  of  the  *h'irenerative  ehaii|jje.  As  nerrosis  of  the  cell 
advaneeh  the  protoplasta  becomes  granular  and  opaque,  and  event- 


^  flPBfcW— I^rgii  lutMfrelt^  of  the  liui^,  showing  cheesy  iKtrt>sia  fti  the  center;  the  epitb^ 
lioid  uinl  Ik' in  lit -I'd  Ls  Jirouiid  the  ch«?e«y  center  are  morti  or  leiis  dc^e  tie  ruled. 

nally  breaks  down  t^onipletcly.  This  change  usually  occurs  at  the 
opptxsitc  side  tjf  the  cell  from  that  in  which  the  nuclei  are  jjathcrcd  ; 
or  in  rrascs  in  whiefi  the  nnelei  are  near  the  ]jeripliery  of  the  cell 
the  neiTc^tie  eban^es  licijin  in  ihe  cenlcr.  Finally^  a  tuljcrcle 
undergoes  alniost  complete  necrosis  antl  is  transformed  into  a 
cheesy  mass,  the  snrronnding  coinicctivc  tissue  perhaps  still  show- 
ing proliferative  changes  which  may  eventually  cjuisc  enca]»sida- 
tionofthe  tubercle.  Calcitication  may  ensue  in  the  cheesy  masH 
and  thus  lead  to  pennauent  arrest  of  activity  in  the  no<hdc. 

In  the  growth  of  tuberculosis  tht*  normal  tissne-elenients  of  the 
part  affected  are  pushed  aside,  or  may  lH^M>ftenetl  and  de?^troycd  by 
the  disease-pnxvssis.  Tlie  connective-tissue  iil)ers  of  the  jxirt, 
however,  are  longi'st  ivtained,  and  remain  as  a  reticulum  or  tuber- 
cle-etroma  h>ng  afVer  tin-  other  elements  ot  the  ti*ssue  have  dis- 
appeared or  bt'cn  pushed  aside. 

Tnl>creles  t**ud  to  «H>alesee,  forming  larger  tubercular  musses, 
and  sometimes  ilistinct  tubertrulous  turaon^  are  sti  produced.     In 
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tli(^  lower  ;»iiimaLs»  pnrtiruliirly  in  nittle,  such  tuhereular  tumors 
of  the  sen>us  i^u^faee^5  are  nut  uiieonim<ni.  They  may  simply 
stud  the  niembmiies,  or  they  may  hang  as  |>c>lypoid  masses ;  the 
term  '^|warl  disease'*  is  applied  to  tliese  ca.se^.  SomeAvhat  similar 
tubereuhir  tumors  are  met  with  in  Imman  tuhereulosis,  especially 
in  tlie  liraiu.  A??  a  rule,  ln^never,  increasing  areas  4jf  tubei^culous 
disease  of  organs  are  only  partly  eom posed  of  tiibereles,  the  bulk 
of  the  disea^seil  area  presenting  evidenees  of  ordinary  t»r  peculiar 
inflanTmatory  changeH  to  wbieh  the  j>re,sence  oC  tin'  tn!>errles  has 
stimulated  the  tissues. 


Fio.  95.— GL&rit-cen  eontaitiiUR  biwillt  {fyom  a  photograph  mi44e  by  l>r.  Win  M.  flmy). 

The  tuberele-baeilli  iu  the  earliest  stages  of  the  tube  re*!  e  may 
be  seen  lying  in  the  tissue  and  perhajjs  lietween  the  epithelicHd 
cells  first  funne<l.  \\'itlj  the  evolution  of  the  ilisease  they  are 
more  and  more  abundant,  are  largely  within  the  eelLs^  and  tlie 
giant-eells  in  j>articular  may  contain  large  nninbcrs  (Fig.  SJ-")).  Ai* 
tlie  necrotic  elianges  increase  the  bacilli  become  less  couspicnons, 
and  eventually  none  may  be  visible.  The  existence  of  the  bacilli 
or  their  sjMires,  however,  cannot  be  <loul*te(b  since  injection  of 
pirtions  of  sueb  tnlHTcles  jinKluccs  the  disease  in  giiinea-pigB. 

After  the  establishment  of  the  local  lesion  of  tul»er<'nlosis  in 
any  part  of  the  body  two  opposing  ti'udt^ncies  struggle  for  supreni- 
ajcy\  the  tendency  *»f  the  tuberculous  disease  to  spreati  and  the 
tendency  of  the  normal  tissues  to  encapsulate  or  limit  the  spread 
of  tiie  invading  disease.  lo  most  eases  the  f(»rmcr  suc<*eeds  and 
the  si'eoiidary  tu!>ercles  first  appear  in  adjaecut  parts,  the  tninsfM^r- 
taticm  of  the  bacilli  trom  the  primarv  to  the  sc<>undarv  focus  being 
accomplished  either  t>y  the  flow  of  the  lymph  or  juiees  of  the  hoily, 
or  by  the  phagocytic  activity  of  lenkm\ytes.  Tlu^  latter  take  fnjm 
the  tnlges  of  the  tubcnde  some  of  the  bacilli  and  transport  tliem 
either  by  their  own  amebnid  activities  or  in  the  lympb-sti'eain  to 
neighboring  parts,  where  tlu-y  thi'inselves  fall  victims  to  the  organ- 
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Lsms  they  have  appropriated^  and  thus  deposit  the  germs  of  new 
foci  of  disease.  The  dissemination  of  tubercles  to  more  distant 
parts  may  occur  in  various  ways.  In  the  case  of  tuberculosis  of 
the  mucous  membranes  bacilli  may  be  cast  off  from  the  surface 
and  spread  to  other  parts  of  the  mucous  tracts  with  the  contents 
of  these,  as  in  the  case  of  tul>erculosis  of  the  gastro-intestinal 
tract.  In  the  case  of  pulmonary'  lesions  the  ulcerative  processes, 
or  attacks  of  coughing,  may  loosen  infected  particles  from  lesions 
of  the  bronchi,  and  the  deep  inspirator^'  efforts  following  the 
cough,  or  the  ordinary  inspirations,  may  carrj'  the  bacilli  into 
the  finer  bronchioles,  where  new  foci  arise.  If  the  tubercular 
lesion  involves  the  walls  of  the  lymphatics,  particularly  the  larger 
lymph-channels,  like  the  cervical  or  thoracic  ducts,  bacilli  may 
gain  access  to  the  lymph-stream  and  thus  be  transported  to  the 
venous  circulation,  and  then  through  the  heart  to  the  lungs  or 
perhaps  to  other  organs.  When  the  tuberculous  lesion  invades  the 
wall  of  a  vein  the  dissemination  of  the  bacilli  is  even  more  rapid 
and  widespread,  as  the  organisms  find  their  way  to  the  heart  by  a 
more  direct  route.  In  rare  instances  an  artery*  is  invaded  and  the 
organisms  are  scattered  through  the  terminal  distribution  of  this. 
Upon  surfaces  the  disease  may  spread  by  direct  continuity  or  by 
the  movements  of  the  body.  Thus  lesions  of  the  peritoneum  may 
become  almost  universal  in  consequence  of  the  peristaltic  move- 
ments, though  more  frequently  the  extension  occurs  along  the  lym- 
phatic channels. 

The  condition  which  results  from  general  infection  and  forma- 
tion of  tubercles  in  various  situations  is  kno^Ti  as  miliary  tubercu- 
losis. In  these  cases  the  progress  is  usually  rapid  and  a  fatal 
termination  is  not  long  delayed.  The  tubercles  therefore  remain 
small,  and  at  autopsy  are  still  typically  gray  miliarj'  tubercles. 
Sometimes,  however,  miliar^'  tul>ereulosis  may  assume  a  more 
chronic  form,  perhaps  in  consequence  of  the  gradual  admission  of 
bacilli  to  the  circulation  and  the  formation  of  small  crops  of 
tul>ercles  during  a  considerable  periixl  of  time. 

Miliary  tulM^rculosis  may  be  local  or  general.  In  the  former 
case  the  bacilli  are  admittetl  to  the  vasinilar  distribution  of  a  re- 
stricted art*a  only  ;  in  the  latter  widespread  dissemination  through 
the  bIcKxl  occurs,  and  practically  all  jxirts  of  the  body  may  be  in- 
volveil.  Lineal izeil  miliary  tuberculosis  is  most  frequent  in  the 
lunprs. 

Seats  of  Tuberculosis. — Among  the  frequent  situations 
in  which  tuberculosis  makes  its  ap[X»arance  are  the  lungs,  the 
lymphatic  jrlands,  the  Inmes  and  joints,  the  muc<nis  membranes, 
particularly  those  of  the  larynx  and  intestines,  the  serous  mem- 
branes, the  pn>state,  testicle,  ovaries,  Fallopian  tubes,  kidneys, 
utenis,  snpran^nal  capsules,  brain,  liver,  spleen.  In  some  of  these 
situations  the  lesions  are  pnictically  always  sei'ondarj',  as,  for  ex- 
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ample,  in  the  liver  ami  .spleen.  In  others  tliey  are  mo^t  IVequeiitiy 
primary,  as  in  the  liin^s.  The  ^Mvurretiee  of  jirimary  tuberculosis 
in  the  internal  ort^ans  may  he  ilifficiilt  to  explain.  It  is  possihle, 
however,  fur  the  haeilli  to  piin  aeress  to  tlie  lymphatic  i»r  bhwHl- 
einajlation  without  causing  a  It^sian  at  tfj*'  point  tit' entnincc.  Their 
dep<^si.  in  some  intrrmil  or^^nn  tlien  ^wH'asitais  tlie  iirst  or  |>riniary 
focn^  of  tli.sease.  Thns  [trimary  taherenlosis  of  ttn*  nt(^M  ntene 
glamU  of  the  lymphatie  t^lamls  of  the  iieek,  or  of  the  post- 
hn^nehial  glands,  may  o(*eur  willmut  [>rimary  ilisea.se  f>f  the  intes- 
tine:?, of  the  miuith  or  skin,  rtrof  tlie  lm*^s  in  the  several  instaners. 
Similarly  primiiry  tohereuhisis  r*f  tla*  kichnn^  or  of  tlie  snpmrenul 
e^psnle  may  oeeur  witiiout  any  evidence  of  the  point  of  entrance* 
of  the  miero-4jr^ni8ms.  In  some  e^^^es,  of  eourse,  the  primary 
lesion  may  be  &o  small  and  in  sneh  a  hidden  situation  that  it 
escapes  notiee. 

After  the  dii^ieovery  fif  the  tubenjle-baeilhis  a  minibiT  of  ihse^jses 
not  previously  rei!Ognize<l  as  tuberculous  beeanie  identified  as 
forms  of  this  disease.  Among  tliese  is  Lupus  Vuff/ariH  of  the  skin. 
The  histologic  examination  shows  numerous  tubenndous  granula- 
tionSj  sometimes  arrangcnl  in  striate  fashion  altmg  the  small  bliKid- 
vesjiels  of  the  skin  and  eoataining  epithelioid  and  lymplioid  cells 
and  giant-eel  Is.  The  presence  of  tiic  bacilli  and  the  proved  infee- 
tionsness  of  the  tissue,  with  the  histologv,  render  the  riature  of  this 
disease  certain.  The  warty  formations  treqnently  acquired  by 
anatomists  at  points  of  injury  have  likewise  been  sliown  to  be  in 
many  eases  due  to  tuberculous  infection,  Sorofufa^  which  was 
formerly  regarded  as  a  special  cruiditinn  pivdisposing  strongly  to 
tnbereidosjs,  is  mnv  regardc^d  as  tubeivnlosis  oc(*urri ug  in  (liferent 
forms  and  situations.  The  scrofulous  glands  of  the  neck  consti- 
tute tuberculous  adenitis,  the  iutection  in  matiy  cases  gaining 
aceess  through  the  mucous  membranes  of  the  month  ami  pharynx 
or  through  the  skin.  SiTofulous  rhinitis  ami  sinuses  have  simi- 
larly been  shown  to  Vjc  feuius  uf  tubcnndous  disease.  Manv  enses 
of  JointHlisease  reganled  as  scrofulous  or  otherwise  an*  depentlent 
npon  the  action  of  the  tuberele-baeilhis. 

The  Smegma  Bacillus.— A  Imcitlua  quite  closely  resembling  the  tuberele- 
bacilluB  woj^  discov<.«riHl  in  the  smegma  and  hiter  an  the  akin  of  varhiua 
parts  of  the  body.  It  not  only  rewembles  the  tuberch^-baciniis  morpho- 
logicallj,  but  behaves  in  a  similar  manner  toward  stains.  In  particular  this 
bacillus  holds  its  stain  when  attempts  are  made  t«i  decoloriste  with  acids. 
The  bacillna  is  treqnently  found  in  urine,  and  thus  may  cause  an  ermnceius 
diagnosis  of  tuberculosis  of  the  kidney  or  bladder.  It  may  u^sually,  though 
not  certainly^  be  distinguished  by  its  easy  diseolori^tiou  with  absolute 
alcohol 

Other  Acid-proof  Bacilli.— Severr^l  other  bacilli  that  are  refractory  to 
decolor! ziiti on  with  acid  ♦tr  nlrohol  have  been  discovered  in  milk  and  butter^ 
in  «puta,  and  in  iiurulent  or  piiigrenou^  collectionH  in  the  lungn  and  elne- 
where.  Injections  cd'  pure  cultures  of  tiomc  *»f  these  cause  hhrinous  in- 
flammations* in  the  peritoneum  of  uuinea-pi^!*  and  rabbiti^,  or  p^eudotuber* 
culous  formations,  but  not  the  specific  lesions  of  tulicrculosiH. 
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The  lesions  resaltine  from  inoculation  with  acid-fast  bacilli  show  a 
striking  resemblance  to  tnose  of  tobercalosis,  and  only  a  careful  microscopic 
examination  senrers  to  di^ttinguish  them.  Examined  with  a  microscope,  the 
lesions  of  this  spurious  tuberculosis  present  a  more  inflammatory  appear- 
ance and  show  a  tendency  toward  abscess-formation.  In  very  rare  instances, 
however,  an  approach  toward  the  typical  histologic  conditions  of  ^nuine 
tuberculosis,  cnaracterized  by  the  formation  of  giant-celU,  epithelioid  cells, 
and  caseation,  is  seen  in  thb  form  of  pseudotuberculosU. 

Latent  TaberenloaB. — A  tuberculous  lesion  may  become  encap- 
sulated and  limited  in  its  extent  before  it  has  invaded  tissues 
widely,  and  may  so  remain  for  years  without  giving  rise  to  mani- 
fest clinical  symptoms.  Subsequently,  however,  the  encapsulating 
membrane  may  be  penetrated  and  widespread  infection,  local  or 
general,  may  occur.  Such  latent  tuberculosis  is  particularly  fre- 
quent in  the  p>st-bronchial  glands.  These  glands  are  often  found 
enlarged  at  autopsies  in  which  no  tuberculoa<  disease  of  other 
organs  Ls  found.  Injections  of  emidsions  of  such  glands  in  a  nota- 
ble proportion  of  cases  produce  tuberculosis  in  guinea-pigs,  and 
thas  it  has  been  determined  that  the  glands  in  question  are  fre- 
quently the  seat  of  latent  tuberculous  disease.  The  existence  of 
such  lesions  explains  the  cases  of  sudden  generalized  miliary 
tul>erculosis,  in  which  no  primary-  focus  of  the  disease  was  recog- 
nized during  life. 

Pathologic  Physiology. — The  effect  of  tuberculosis  upon 
the  general  health  varies  greatly.  Uiidoul)teilly  the  bacillus  con- 
tains or  is  capable  of  producing  toxic  substances  that  have  an 
eff<*ct  upon  the  general  organism ;  the  naturt*  of  these,  however, 
still  remains  undetermined.  The  tuberculin  of  K<x*h,  a  glycerin- 
extnurt  from  cultures  of  the  tubercle-bacillus,  produces  fever  with 
the  general  symptoms  characteristic  of  pyrexia  and  local  reactive 
cliangf*s  in  existing  tuberculous  lesious.  Among  the  latter 
nxlness  or  iucreaseil  vascularization  of  the  tul>ercles,  and  soften- 
ing or  ncrrosis  of  the  cells  surrounding  the  bacilli,  are  most 
important.  The  last-named  change  deters  the  growth  and  mul- 
tiplication of  the  bacilli  themselves,  but  at  the  same  time  makes 
their  escajKf  from  the  focus  of  disease  more  easy  and  thus 
exposes  the  individual  to  the  liability  of  gtMioral  infection.  The 
active  substance  contained  in  tuberculin  is  probablv  a  protein.  It 
dfx*s  not  act  ujK)n  the  tubercle-bacillus  direi'tly  ana  is  not  an  anti- 
toxin. In  addition  to  this  the  tubercle -bacillus  in  its  dead  state 
contains  some  bixly  or  lK)dies  capable  of  influencing  the  organism, 
as  was  shown  by  the  experiments  of  Prudden  and  Hodenpyl,  who 
were  able  to  pnxluce  nodular  lesions  by  injecting  dead  bacilli  into 
the  circulation  of  animals.  These  lesions,  of  course,  are  not 
strictly  tulK^rculous,  though  they  possess  some  elements  of  the 
natural  tubercle.  It  is  altogether  probable,  however,  that  in 
addition  to  the  tuberculin  of  Koch  and  the  cheniotactic  substances 
oontaineil    in    the   body   of  the  tubercle-bacilli,   there   are   other 
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I>oisonons  siib^binees  prmluce<l  by  the  growtlr  ami  rnnlti plication  of 
the  liu<:illi  ii)  the  tir^sups,  tluit  k'lid  to  a  (^iiirnil  tjrtori(*ratiorj  in  the 
ln^alth  i>f  victiiim  of  thiis  <lis(  usr,  Trudoau,  Ftjarsnii  amf  <iilliluntl 
and  iithtTs  havr  been  abh^  to  itnnurnixo  aniinaU  liy  nuputed  iiUM-iila- 
tions  with  Imrilli  of  lowiTctI  viralenee.  A  form  of  imniiinity  calleJ 
"i^opiithic"  (Bchriojj;)  i.s  tliii??  prodncod.  Tfie  mr^x  of  siich 
immunized  atiimuLs  i.s  nut  ]>rut<^etive  or  eurativr  U\  otlirr  anttimls. 
Xone  of  the  sopjioscd  *■*  antitoxic  "  Ht^ra  thns  fnr  prudiieeil  ba;^ 
been  pruved  to  hrive  antitt>xje  or  ininiunizint^  power. 

Tnbereidosis  is  primarily  a  h>eal  j»mee.'^<,  but  influences  the 
general  organism  by  its  tHreet  efft^et  upon  the  organ ie  function:^  of 
the  piirts  in  wldeh  it  is  hieated  by  tlie  dovelopmc^nt  of  tliese  as  yet 
unknown  toxie  substances^  and  later  by  the  wiilrspread  infection 
of  the  organisUK  The  mechanism  of  defcn<'e  agiunst  tubereidosis 
i8  oidy  partly  kniiwn.  In  the  ease  of  hx-al  lesiims  of  the  lung>^  or 
other  parts  the  reaction  of  tire  tissues  probably  resulting  from  the 
activity  of  ehemotactic  substances  in  the  body  of  the  bacilli  them- 
selves, or  of  similar  substances  pHxluced  by  the  ccOlular  necrosis, 
leads  to  the  formatiruj  of  an  em bai dement  of  celbdar  or  fibrous 
tissue  that  serves  in  Iiold  tfie  disease  in  <  beeh.  SubM  ([ucntly  the 
disease  may  l)e  wholly  eradicated  by  degenenitive  changes  termi- 
nating in  calci  Heat  ion.  That  such  favorable  results  are  not 
uncommon  is  proved  by  the  frequent  occurrence  at  autopsies  of 
small  sclerotic  or  calcareous  areas  in  the  lungs.  Tuberculosis  is 
frecjuently  cured  in  tliese  early  stagers,  but  after  it  has  reaebed  the 
degree  of  intensity  f«r  the  widespreod  character  that  makes  it  reeog- 
nizaljle  by  our  present  methiMfsof  pliysieal  examination,  the  reactive 
prt>cesses  arc*  usually  no  longer  able  to  co[ie  with  its  progress. 

FOWL-TUBERCULOSIS- 

Tuberculosis  in  various  forms  of  fowl  and  birds  (avian  tubei-- 
cnlosis,  tuln-reulosis  gidlinanuo)  is  a  disease  sijuilar  to,  but  nt^t 
identical  ^^ith,  human  tul>i'reulosis>  Tlie  sjHiutaneous  disease  of 
birds  wjcnrs  most  freipiently  in  the  liver,  the  lunt^s  Ijeing  never 
primarily  involvetl.  In  the  liver  are  found  notlulcs  composcnl  i)f 
roimd-eells,  l»ut  showing  little  tendency  to  coaguhitir»n-neerosis  or 
to  the  format irni  of  giant-eel U.  The  structural  and  eultund  dif- 
ferences of  tlie  hntuan  antl  avian  bacilli  have  been  disensscd  on 
]>age  270. 

Ex|XTimeutal  inoculations  of  bacilli  isolated  from  the  sponta- 
neous dise^ase  will  pnxluce  the  same  disease  in  birds;  but  if  animals, 
sueli  as  guinea-pigs  or  dogs,  whieii  are  very  siisceptilde  to  human 
tubereidosis, are  iuoeululedj  they  frecjueutly  resist  inieetion,  though 
they  occasionally  sueeumb.  In  the  latter  case  tulnrehs  iire  usually 
alfgent,  l>ut  large  unndH^rs  of  bacilli  an-  finuKl  in  the  orgjins  and 
in  the  abscesses  which  result  at  the  point  of  inoeuhition.     Accord- 
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ing  to  Noeunl,  rabbits  show  a  marked  degree  of  etisceptibility  in 
this  form  of  tuberciiloBis. 

Although  tliere  iy  no  doubt  but  that  fowl  in  sonie  instances 
have  Vjeconie  jnfertod  tiirou|rh  iHinuin  sources,  yet  ex  peri  men  tally 
they  ex  hill  it  a  very  higli  degree  of  resistanee  to  linman  baeilli. 
If,  however,  the  human  hac^illi  are  piissefl  throtigh  birdn  IVir  three 
or  four  genenition.s,  or  are  plaeed  in  tlie  [teritoneura  of  fowl  in 
colkKJion  sacs  for  the  wime  length  of  time,  the  virulence  to  birds 
is  not  only  heightened,  l*ut  the  liaeillus  ehauge.s  in  its  structural 
and  enltund  ehanieteri^stieH,  asf^umiug  those  of  the  baeilbis  isulatt'd 
from  spontaneous  avian  tubercnhisis.  Tlie  same  is  true  <if  avian 
bacilli  wlii-u  thehe  are  iuoculatetl  in  animals  susceptibh'  to  human 
bacilli.  With  each  passige  through  sneli  au  animal  the  virulence 
of  the  haeillus  is  increase<I  and  the  form  and  cultural  ehanicter- 
istics  become  more  and  more  like  tliose  of  the  liuman  haeillus. 
Fr<im  these  experiments  it  ajipars  that  tlu^uian  tulMTcle  V)acilhm 
is  only  a  ni(Mlifi(*atH>n  of  the  ordinary  tubercle  l>aeil]us  caused  by 
Jt«  growth  in  the  tissues  of  the  binh 

PSEUDOTUBERCULOSiS. 

This  name  has  been  applied   to  conditions    occasionally  met 

with  in  which  nrvdular  lesions  resembling  tubercles,  but  containing 
micro-organisms  of  different  kinds,  have  been  found  in  the  liver^ 
kidneys,  and  other  orgatis.  Pseudotubercid(Ksis  is  not  a  specific 
disease,  as  a  number  of  distinct  infections  assume  this  imtliologic 
character.  Among  the  organisnis  isolated  are  various  strepto- 
thrices  and  acid-proof  bat-illi  resembling  the  tubercle  bacillus  to 
some  extent  (  see  pages  281  and  ^l(Xi).  In  the  lower  animals,  and 
very  ran^ly  in  man,  certain  animal  parasites  cause  lesions  of  the 
sanxe  kind, 

PttntmonomycmiM  Aj*pergiiiina.—Jii  man  and  in  animals  pulmonary  infec- 
tion with  forma  of  asperirillus,  eHpecially  A.  ftjmifjfitw!,  may  occur  in  a 
pseudotubercuioiiH  form.  The  leMions  are  exadative  and  prrdiferative,  and 
central  cas^eation  may  be  conmdcutiUs.  The  fungi  which  beloni^  to  the 
prouf)  of  hyphmnyf^ten  ur*?  readily  distiiipuiahed  by  the  abundant  myi'tdial 
threads  ana  the  eonidia.  Infection  «f  other  orgaas  may  occur  stfionta- 
neously  or  experimentally. 


LEPROSY. 

Definition -^Leprosy  I  Lepra»  or  Elephantiasis  Grtecornin,  is 

an   infect ioiis  and   mildly  eonrxigi<nii5  di-ease  eaused   by  ii  specific 
bacillus,  the  Bacillus  leprie,  discovered  by  ILmseM. 

Etiology. — The  essential  cause  of  leprosy  is  a  bacillus  which 
closely  resembles  the  tubercle*bacillus,  though  it  ib  less  frequently 
curved  and  U  somewliat  more  easily  stained.  Fnrther,  it  diflers 
in  its  grouping  in  ihe  tissues  and  iu  its  failure  to  grow  satisfac- 
torily on  artificial  media.     The  orgniiism  i^  usually  found  in  large 
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numbers  iu  the  Iqirous  lesions  and  in  the  Bnml  mucus,  wlietlier 
there  he  definite  lepmus  ulir  rat  ions  in  the  nose  i>r  not.  In  the 
tissnes  the  baeilli  are  tVnnid  within  large  cells  ot'  tlie  spi-ritie  gimi- 
u latino  tissue  (  lepra-eells  ).  In  the  auiesthetie  form  il  is  tinmd  in 
the  nerves  and  centra]  ncrvnus  tissues.  The  c^rgunism  lias  ln'cn 
denionstnited  in  the  hhxMl  in  certain  eases  of  tlic  tuiKrculnr  ty}M\ 
It  is  readily  stained  by  any  of  the  methods  npplieable  for  the 
tuberele-baeiUi  or  by  Gram's  method.  It  frequently  shows  light 
ureas  like  those  of  the  tuhc^rck-baeillus ;  these  have  been  re- 
^ardcil  as  spores,  but  are  int>re  probably  priKlueed  by  fmgmcnta- 
tions,  as  in  the  ease  of  the  tnlterele-baeillus.  Attempts  at  etilture 
have  thus  far  been  unsucees>ful,  though  Ncisser  claims  to  have 
obtained  cultures  on  blood-serum  containing  gelatin  and  on  coagu- 
lated egir-albu(niu.  Others  have  claimed  detiuite  residts  with 
similar  medisi^  l>ut  euUivation  at  the  present  time  is  not  ordinarily 
]iossil>h\ 

The  s  [>ec  i  fi  c  na  t  u  re  o  f  1 1  ir  bae  i  1 1  ( i  s  h  a  s  m  it  b  eei  i  d  c  in  oust  ra  teil , 
as  it  is  almost,  if  not  entirely  impossible  to  produce  the  disease 
in  animals.  8onie  suggestive  reisults  liave  been  obtained  by 
inoe (dating  portions  of  lejirous  tis.sue  in  the  anterior  chamber  of 
the  eye  or  otln-r  part.s  of  anijuals;  l)ut  definite  generalized  leprosy 
lias  not  Ijeen  thus  far  produei'd.  In  one  ease  the  disease  has  l)een 
given  to  a  condenimxl  criminal  by  direct  iiuM'ulation. 

Besides  tlte  specific  bacillus  other  conditions  are  important  io 
the  etiology.  Thus  the  disease  flourishes  in  eertain  hx-alities 
extensively  and  little  in  other  places.  It  Is  uncomnujn  in  the 
United  States,  liut  simw  of  the  (iulf  States,  piirti*'ularly  Louisiana, 
have  eonsideralilc  colonics^  and  in  the  Xortlnvt^st  antl  on  tlie  Pacific 
Coast  it  is  met  witti  aniong  tit*  Norwegian  and  Chinese  immi- 
grant's. In  Mexico,  South  America,  Norway  and  Sweden,  India, 
and  other  Asian  eon n tries  it  is  common,  and  the  Siindwieh  Islamls 
are  parti(*ularly  at!crtcd.  During  the  Middle  Ages  it  finurished  in 
Europi*  as  a  uni versed  seonrge,  unsmiitary  conditions  ])rnbai)ly 
acting  as  the  predisposing  <"au.s«\  Certain  articles  of  cliet  are 
believed  to  oceai?ion  it^  jiartieularly  fisli  ;  this  view,  however,  lacks 
proof. 

The  dijseai?^  must  be  regarded  as  contagions,  though  less  so 
than  tubereulosis.  Intimate  ass+iciation  fur  a  long  time  seems  to 
he  neeessan"  Inr  its  t ransfe renee.  It  is  iJi-ubably  traitstnittcil  from 
|>iirent  to  utfsjiritjg  in  rare  instances* 

Pathologic  Anatomy. — Leprosy  pre*4ents  itself  in  two 
forms,  the  Utherimkir  and  tlic  fittrfifhrtlr  form.  In  ttie  former  there 
are  developed  in  the  skin  of  the  taee,  tlie  extensor  surfaces  of  the 
elbows  and  knees,  alxait  the  liantls,  or  less  frequently  else  where, 
small  or  large  niwlular  i'levations.  These  at  first  are  re<lflish  in 
cole»r,  with  apparent  intlammatHry  rr  action.  Later  they  lr»se  tlieir 
redness  and  ii^niain  a>  indolent  lesions  that  grow  very  slowly  or 
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rt'main  ^tatiimarv.  They  mny  break  do\m,  funning  ulecrations 
whieh  do  not  nudily  heal,  or  they  may  he  ^^rmlrially  {converted 
into  fibrous  eieatrieial  tissue^  eausiug  im?^iirhtly  deformities  of  the 
s^kin.  The  appumnee  of  the  fmtieiil's  faee  is  hisrldy  eharaoteriiitie, 
ami  is  known  as  (eoniiui<h  leprom  (Fig.  9G).  The  miieous  niem- 
braiK's  and  some  of  tlie  internal  organs  may  l»e  involved.  The 
auestlietie  form  is  usimlly  marker  I  by  les.s  eonsi>ieiious  lesions,  but 
subjective  .symptoms,  snch  a^^  hypereBtliesia  and  neuralgie  pains, 


in;,  ^V— Nciiiular  leproay  ((.♦olilschrnifltl. 

and  later  ulcerations  partly  tr  iplnc  in  nature,  may  make  it  a  more 
serious  variety.  In  the  skin  there  ai*e  found  whitish  or  brownisli 
spots,  slightly  if  at  all  t*levated  or  altenni  in  eonsistency.  Later, 
ulremtions  may  ajijR'ar.  Very  eomnionly  the  anestlietic  and 
tiibenndar  varieties  are  coexistent. 

The  mwlules  oceniTing  in  tht^  liv(*r,  spleen,  and  testes  in  this 
disease  aR*  admittetl  to  be  siniilnr  to  the  nrxlules  of  the  skin  j 
those  found  in  the  lun^s,  kidneys,  and  Intestines,  as  well  as  those 
of  the  H'rous  surfaees,  are  lielieved  by  many  to  be  tuberculous  and 
the  re&nlt  of  seeondary  infection.    These  two  diseases  are  certaiirly 
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frf'fjueotly  associated  ;  jirHlmliiy  40  per  ceut*  of  the  eases  of  lepra 
become  tiiherealoiis. 

Other  f(*rins  of  secondarv'  infection  occur,  tlius  injuries  of 
pujierlieial  lesirms  may  allow  pyo^enie  infection,  and  extensive 
ulcerations  ami  g-an^renons  necrosis  may  ent?ue.  The  terms  hpra 
madia iis  and  itj/ni  fjatif/ntnosa  arc  applied  to  sui^h  ;  ao<l  various 
niicrwH>cci  and  sapn»[>liytic  orgiiuisnis  have  l>een  disco verc^d  in 
such  ca^^s, 

Stnicture  of  the  Leprous  Lesions.— The  nmltde  or  lepronia  is  a 
soniewliat  indurated  ^rrouth  resemijling  the  tubercle,  but  differing 
from  it  in  its  greater  vascularity  atid  in  the  absence  of  the  ten- 
den  ey  to  cheesy  necrosis.  Microscc*piealIy  it  is  com|xised  very 
largely  of  proliferated  eonneetivc-tissne  cells  of  different  fonu.s, 
and  leukocytes.  New  blood-vessels  are  disco vere*!  in  more  or  IcSvS 
aliundanee,  an*l  a  tendency  to  complete  orgimization  witli  the 
iormation  of  tibrons  tissue  may  be  seen  in  the  character  of  the 
cells  and  tlie  presence  of  liiirous  iutcrcelbilar  material.  The 
bacilli  occur  vvitiiin  the  ecUs  and  possibly  also  between  tliem. 
They  are  always  ibimd  in  gron^js  and  usually  in  large  numbers. 
They  multiply  witlun  tlie  cells,  tfie  j>rotoplasin  oi"  the  latter  at  the 
same  time  uoilergoing  a  process  of  swelling  and  degeneration. 
This  at  first  spares  the  nueleus,  but  finally  the  nucleus  itself  is 
broken  down  and  the  cell  is  thus  converted  into  a  sac  containing 
degenerated  protoplasm  an<l  alnuKlant  bacilh  (Fig,  97).  Tlie  term 
hftnt-t^'U  has  l>een  given  to  these.  Ctiant-cclls  may  be  formed, 
tliongh  they  are  not  frequent  and  are  rarely  typical.  S(K'ondary 
infections  or  injuries  may  lead  to  snppurative  or  other  forms  of 
soften  in  ST.  nnd  tlu'  finai  terminatirm  sillier  with  or  without  previous 
softening  nuty  be  eicatrization.  The  lesions  of  the  internal  organs 
met  with  in  s^uru'  leprous  eases^  notably  those  of  the  hnigs,  intes- 
tine, kidney,  and  m  rcujs  surlin-es,  arc  avascular,  show  more  tciutency 
to  necrosis,  and  euiitaiu  more  giant-cells;  in  some  cases  inocu- 
lation has  showed  that  the  Icsious  con- 
tained tnliercle-baeilii.  Whether  they  are 
strictly  tnbereles^  or  wiiether  they  are 
leproiuata  with  seeon<larv  in  fed  ifiii  with 
tnberele-bat^JHi,  cannot  be  deciilecb  Tficy 
are  certainly  not  pure  leprosy,  aiul  more 
prcjliably  are  purely  tuberculous. 

The  anesthetic  areas  and  pignicnted 
or  light-eoloD  d  spots  of  the  anesthetic 
fJirm  |>rescut  somewhat  the  same  his- 
tologic featiiiws  as  the  lepmus  nodule, 
thongii  in  a  diffuse  form.  Formerly 
these  lesions  were  cousidereil  entirely  the 
result  of  trophie  changes.  In  these  eases  the  more  eonspicyous 
h^siou  is  that  of  tfic  nerves.     These  may  show  nodular  tliickening 


1  JG.  i>T,— lA'pm-ljrtctlll  in  * 
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of  the  ])crineurium  with  inflammatory  and  degenerative  changes 
of  the  nerve  itself  The  bacilli  are  i)resent  in  these  lesions. 
Changi»s  in  the  spinal  cord  have  occasionally  been  discovered. 

Pathologic  Physiology. — Infection  with  the  lepra-bacillus 
leads  to  local  rather  than  g;enepal  disturbances.  The  toxins  of  the 
disease,  if  such  there  l)e,  are  not  of  great  virulence,  and  constitu- 
tional symptoms  are  therefore  wanting  as  a  rule.  In  the  later 
stages  lever  and  other  systemic  disorders  may  be  occasioned  by 
secondary  infections.  A  supposed  antitoxic  substance  has  been 
prepared  and  has  been  largely  used.  It  is  impossible  to  claim  or 
dis<*laim  the;  antitoxic  nature  of  this,  as  no  toxins  have  as  yet  been 
isolated  or  obtained  in  any  form,  and  the  supjwsed  antitoxic  sub- 
stances cannot  therefore  be  tested. 

In  the  anesth(»tic  form  it  was  formerly  cnstomar}*  to  regard  the 
pigment  or  light-i'olortMl  sjK)ts  as  a  result  of  trophic  disturbance, 
an<l  more*  destructive  lesicms,  such  as  ulceration  and  gangrene, 
received  a  similar  explanation.  Recent  investigations,  however, 
8et»m  to  show  that  in  thest»  eases  there  is  usually  from  the  first  a 
leprous  ehangt*  in  the  tissues,  and  that  secondary  infections  fre- 
quently i)lay  a  jwrt,  though  trophic  disturbances  must  still  be 
admitti'il  to  a  certain  extent. 

GLANDERS. 

Definitioti. — Glanders  is  an  infivtious  and  contagious  disease 
of  horst*s  and  asst»s,  st)metimes  (H>mmunieateil  to  other  animals  and 
to  man,  and  caustni  bv  a  siH^cifie  bacillus. 

Etiology. — The  bacillus  mallei  was  first  isolated  by  IaM^v 
ami  8i*hiitz.  It  is  an  <)npinism  resiMubling  the  tubercle-bacillus, 
though  somewhat  slu>rter  and  thicker.  In  cultures  it  may  grow  to 
long  filaments  and  not  ran^Iy  it  brt^aks  up  into  <\Hvus-like  frag- 
ments. It  oiMMirs  in  the  lesions  of  the  disease  singly  or  in  clumi>s, 
and  has  Inon  found  in  the  blo^Ml.  The  baeillns  is  non-motile  and 
d«n»s  not  pi>ssi'ss  rtagella.  Staineil  s|KH'imens  show  |\:irts  that  do 
not  nveive  the  stain.  These  have  Ihmmi  reganUn^l  as  siH>n^s.  but 
an^  mon\$^Mierally  thought  to  In^an^isivf  clegeneration.  Onlinary 
solutions  of  anilin  dvi»s,  and  rs|HviaIly  alkaline  solutions,  stain  the 
orgsmism  vofa*  wt'll.  The  dcnitmstration  of  the  bacillus  in  the 
tissues  n'<juin»s  pn>longeil  staining  and  rapid  dtri>loriz:ition. 

Cultivation.— C'ultun^  an*  Ivst  obtaimnl  from  M>t\en(Hl  iki<1uU*s 
of  guinea-pigs  imvulatiHl  with  intW'tiHl  pus.  or  t*n>m  the  testicles 
after  injt\*tii>n  o(  inftvtive  matter  into  the  ivritom'al  I'iivity.  The 
otyanism  grows  quite  rt^adily  ujxm  onlinarv  nu'<lia,  but  the  most 
charaeteristio  eulturi'  is  s<Y*n  ujwn  Ix^ihnl  }^>tato.  The  ix>lony 
first  apjx^irs  as  a  honey-like  layer,  whirh  lHHH>nu^  bn>wnish  in 
etJor.  The  i»tato  itself  lKH\>mes  gnvnish-bn>wn  lH*ni»:ith  and 
around  the  iH^lonv.  The  cultivation  is  most  >ut\vsstiil  Unween 
30^  and  4tV^  C.  «S«S    aixl  U>4-"  Yx 
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Drying  :iih1  rlivtUod  tcmpcTiitnres  nqiidly  dtstrnv  the  organ- 
Ism,  aiul  mitis(*j»tt(*s  kill  it  \\\\\Xv  yvim\\\\\  T\\v  IkmHIms  is  a  jvuro 
pamsite,  JmiltipJyiiig  unly  in  th(*  IkkIv  (»r  info-ti'il  aiiimals  or 
tnaD. 

Pathogenicity* — The  specific  character  of  the  ijaciHiLs  is  uncjues- 
tionahh',  Ijinciihition  of  <jjuinea-pi;is,  ral>hits^  fiehlHiiicf,  ur  rither 
iiniraals  \x\{\\  miWivi]  jms  ur  with  purr  cultures  leads  to  n*Kliilur 
lesions  vtt  the  piiiit  of  introtluctiou,  with  suhseipn-nt  softeuint:  and 
nleeratinii.  SiM'ondarily  tin'  lyrnpfiatic  jrlands  tiilarge  and  after 
from  2  to  4  w<  (  k>  sup|iiiniti'.  In  male  guinea-pigs  a  practically 
pathngiinnionic  conditirtn  (great  en  large  me  lit  of  the  testicles)  is  ob- 
served within  two  ur  tlirce  days  after  intrajieritoneai  iiineulatiun 
with  pure  eiiltiires  ur  exn<lute  fmni  the  lesions  of  the  disease. 
After  death  ii«idu)es  are  tonnd  in  the  liver,  sjileen,  kidneys,  or 
other  organs,  and  tliese  contain  the  haeilH,  In  horses  and  ansen 
ehanicteristie  lesions  of  tlie  nineons  nn'nihranes  have  been  [im- 
dnced  experimentally  ;  while  in  man  aeeidental  infection  of  hostlers 
or  others  ermiing  in  contat^t  with  di*irased  animals^  iunl  t>i  bacteri- 
ologists working  with  enltnn'S,  have  l»een  rejieat^^dly  ol>s4'rveiL  In 
one  case  in  my  nwn  knowledge  a  man  was  inieeted  in  a  stable  in 
which  a  ghinih'rei!  horse  was  kept,  and  the  Imeteriohigist  wlio 
isolated  the  organisms  from  the  patient  accidentally  infected  him- 
self witli  tlu^  en  It  ares. 

Patholog^ic  Anatomy.— In  hoi-s^s  ghindcrs  [presents  charac- 
teristic h'sions  i>f  tiic  mneusa  of  the*  nose.  At  tirst  tliiTe  are  found 
slightly  eli'vatcfi  nodules,  wliieh  iiuve  a  marked  tendency  to  soften, 
forming  irregidar  nlcerations  tliat  hecome  ctmfluent.  Ttie  floor 
and  edges  of  the  ulcers  are  y el h) wish  and  mx-rotic  in  appearance, 
and  diseharge  more  or  less  pnndcnt  matter.  The  lytnpliatic  glands 
of  the  neek  and  elsewhere  enlarge  and  may  snppnrate.  In  the 
skin  th(*  lesiojis  arc  much  the  same,  bnt  more  shiggish.  Xodules 
are  not  rarely  met  with  i]i  the  Inngs,  These  are  grayish  t^r  ]>ink- 
isli  in  color,  and  tend  to  rapid  necrosis.  ]More  rarely  nodules  or 
ulcers  are  tbond  in  the  nincosa  of  the  gastnj-intestinal  tnict. 

In  man  sinular  n{3<hdes  and  nieerntions  may  he  iV»nnd  in  the 
nose,  larynx,  nv  tiiH-hea  ;  and  external  hsions  resembling  small  or 
large  carbuncles  are  i'onnrl, 

Histohigieally  the  lesietns  <jf  glanders  consist  of  aggregations 
of  round  ceils  of  lymjilmid  or  polynior|>linnuelear  type.  ThiTc  i^ 
a  marked  t+'ndt  ney  to  supjKU'ative  wv  neurotic  softening,  and  s<jine- 
times  lienmrrliagie  in  lilt  rat  ion  may  Ije  ])n>nouneed* 

Pathologic  Pliysiologry.— A  toxie  sidjstanee  called  mafkht 
ill  hacterial  jirotein)  iias  hei  ii  obtained  from  cultureMif  the  bacilli. 
Injecte<!  into  infectetl  animals  this  acts  somewhat  as  doe>  tnlwrcn- 
lin  in  tul*erenlosis.  A  special  toxin  is  probably  active  in  the  pro- 
duction of  the  general  symptoms  of  the  disease*  By  repeato<l 
la 
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dr>6a^c  with  mallein  it  is  claimed  that  immunity  may  be  con> 
ferred. 

MAUONANT  EDEMA. 

Definition. — Malignant  edema  is  a  form  of  intense  infective 
inflammation  and  necrosjis  observed  in  certain  animals  and  in  man, 
and  is  due  to  a  specrific  micro-organism.  The  condition  has  fre- 
quently been  describecl  by  clinicians  as  gaseous  gangrene,  traumatic 
gangrene,  gangrene  foudroyante,  etc.  Infectious  emphysema  (9.  t?.) 
has  doubtless  often  been  mistaken  for  this  disease. 

]Btiology. — The  micro-organism  of  malignant  edema  was  de- 
Hcrilxnl  by  Pasteur  and  named  the  Mbrion  septuple.  Koch  showed 
that  it  dcK^s  not  flourish  in  the  blotnl,  and  that  the  name  given  by 
Pasteur  is  therefore  not  appropriate.  He  therefore  named  it  Ba- 
cillus (cdemath  maligni.  This  organism  is  widely  distributed.  It 
is  very  commonly  present  in  the  soil,  particularly  in  garden-earth, 
ami  is  often  found  in  dust  and  in  the  intestinal  contents  of  animals. 
Introduced  into  the  subcutaneous  tissue  of  animals  it  multiplies 
greatly  and  sets  up  a  violent  local  process.  The  bacilli  are  readily 
ol>taiiie<l  from  the  diseased  area,  and  may  be  stained  with  the 
ordiiiar)'  aniliu  dyes,  but  not  by  Gram's  method.  The  bacillus 
n-M,'ijibies  the  anthrax-bacillus  very  closely,  but  is  somewhat-more 
<^lefMler.  It  is  prone  to  occur  in  pairs  or  in  chains  or  long  fila- 
UK-^iitrf,  the  sevenil  bacilli  being  joined  end  to  end.  Movement  of 
tiifr  or/ani?5m.s  is  frequently  observt*d,  and  lateral  flagella  are  found 
hy  2i{>propriate  stains.  In  the  snore-formation  the  center  of  the 
4/s^«i«>Mi  -wells  and  the  spore  isdevelopeil  within. 

OihiratioiL — The  cultivation  of  this  organism  is  generally  easy. 
W^>^  fuu-*:  or  «»ther  susceptible  animals  an*  first  infecteil  by  intro- 
'f-^ift/  (j^>wden'<l  garden-earth  into  a  suln^utaneous  sac.  Direct 
Cfi-ifr'n,n  of  the  open  wound  will  not  succetxl,  as  the  organism  is 
<f r rttl  y  ^n;i *'•  rol ur, 

f'V^iffi  f.h^r  pus  in  the  sul>cutjuuHnis  tissui»s  gn>wths  may  be  ob- 
o.i^i  fl  [ifir,ri  the  surface  of  gelatin  in  an  atnuvphere  of  hydrogen, 
'-.f  Jrt  fiunrf.unr-cultures  in  gelatin  trvnu  which  oxygen  has  been 
^*u'r.)nfU'ii.  (hi  the  surface  of  the  g^»Uitin  arv  formed  small  grayish- 
%h.ii-  ntftiit'^.,  which  incre:ise  in  sii^*  with  advancing  age.  Portions 
.^/M.u,»''ii  from  these  and  staimxl  siiow  masses  of  iKicilli  in  the 
(^r:n  ^»f  lon<r  filament?.  In  the  v:vUiii>-tube  there  are  formeii 
•hifmh  *ph^ri*^^I  colonies  of  ;i  >K»tu^whai  cloudy  appearance. 
Th#*'^  r.f,nA:*t  of  a  turf>id  H^ut^I.  the  gelaiiu  undergoing  lique- 
fc#»t.r,n.  Th^re  is  als4>  s<>me  g»s-|>rv\luctk>n.  the  ga:>  formed  haying 
*  jVruil^  and  impleasani  i^kV.  Tbr^  i:^  marked  when  the  medium 
<iAtltJUr)x  jfliicr>?re  ( Fig.  J*^\ 

ftiiniiiHiiiii — The  iKK'aiiei  \^'  maiijciiaiit  edema  occurs  only  in 
jmh#^itanef>iis    tis^w*    XKUt  iW  point  of  inocubtion,  in   the 
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muscles,  ami  in  the  peritoneal  cavity  at  the  time  of  death.  It 
does  not  invade  the  iduot],  as  the  amount  of  oxygen  there  present 
prevent.s  Iti^  j^nnvth,  and  it  tlnnrishes  iu  the  sub- 
cutaneous tissue  bfcati^e  this  is  l(*ast  accessible 
to  oxygen.  In  bfidic-s  dead  some  time  tlie 
oi^nism  may  spreuil  to  the  blood  an* I  the 
ors^^ans  of  the  body.  The  tli^tribution  of  the 
orjjr;iiu'snis  outsi<le  the  body  has  lieeii  re  ferret!  to. 

Pathogenicity.' — The  bacillus  of  niulit^qiant 
edema  is  undoul*tedly  the  (*ause  of  tlir  disease 
in  (|uestion,  a8  has  been  proved  l>y  ioiieidations 
upon  mice,  guinea-pig,  and  other  animals.  Cata 
and  ilogs  are  les.^  susceptible  tlian  i>ther  ani- 
m a! s ;  4^a tt ! <»  s* -e m  to  1  )e  a  \int  )s t  w  1 1 o I  ly  i  a j  lu  u n  i\ 

Pathologic  Anatomy. — The  lesions  uf 
muli^jnaut  edema  consist  itf  \*arituis  tonus  uf 
nipid  suppuration  and  necrotic  intlamtnatinn  of 
the  subcutaiie<)us  tissues.  There  may  rapitlly 
form  emphysematous  and  frangrenous  altera- 
tions of  the  sulicutaneous  tissues,  with  some- 
tiines  pns  fr>rmatton,  at  othfT  times  extensive 
h e rat  tr r luigic  i  n ti  1 1 ra ti o  n . 

Patliolog:ic  Physiology •  —  Toxins  are 
douhtl^^ss  frtrme^l,  but  these  hav<*  not  as  yet 
re< 'ei  ve<  1  speeia  1  at tcMi tion.  Art i tici id  i jnm nn i ty 
has  been  svn^ureil  by  injectinns  tit'  sterilized  cul- 
tures of  th(?  bacilhis  in  bouilliin,  and  by  other 
m*_-thods»  A  few  cases  of  niirlitrnaut  edema 
have  been  reported  in  man,  some  following  injec- 
tion of  musk  in  the  course  of  typhoid  fever, 
,  aome  occurring  in  the  puerperiuni,  and  some  apparently  without 
Bxterual  injtiry.  Infection  in  the  latlt/r  probahlv  oct*nrn'd  from 
the  mucous  surfaces.  In  all  eases  the  general  vitality  of  the 
patient  was  reduced  by  some  previous  disease. 


Fio  !W,  —  Bur  11  Ins 
ivf  [nnUgnaiit  cdtTiia 
irrtnu  ing  111  slur'<^>i<?- 
Mn"  In  till  (Kraiikcl  iiiid 
efcirtVr). 


ANTHRAX- 

Definition. — Anthrax  is  a  specifie  infection  due  to  a  charac- 
teristic bacillus.  It  occurs  most  frequently  in  cows  and  sheep  ;  it 
may  affect  other  animals  and  man.  Dogs,  cats,  birtls»  and  cold- 
blocxled  animals  iirc  *pute  immune.  In  animals  it  is  called  splenic 
fever;  in  man,  malignant  pusttde  and  wool-sorters^  disease. 

Ktiology, — ^The  Bar  iff  us  fuifhrfirh  was  first  observed  l»y 
Pollrnder  in  1840,  and  sIkvwu  tn  be  the  spccifiiM^ausr  of  anthrax  l>y 
Davaine  in  1863.  In  1879  Koch,  Pasteur  and  others  suceeedrd 
in  making  pure  cultures  and  in  demonstrating  their  pathogenicity. 
It  was   therefore  the  first    pathogenic  <trganism   definitely  isolatcth 
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The  anthrax  bacilhis  is  a  non-motile  rod-shaped  organism  that  has 
a  decided  tendency  to  form  long  chains.  The  individual  bacillus 
is  from  5  to  20 /i  in  length  and  from  1  to  1.25  [i  in  thickness.  The 
chains  appear  as  threads  with  often  a  little  thickening  at  the  ends 
of  the  individual  bacilli  showing  the  points  of  contact.  The  ends 
are  squared  or  often  slightly  concave.  In  artificial  cultures  in  the 
presence  of  oxygen  spores  are  formed  within  the  bacilli.  These 
are  elliptical  or  oval  in  shape,  and  do  not  alter  the  configuration  of 
the  bacillus  (Fig.  99). 


Fig.  99.— BacilluB  anthracis.  staiued  to  shuw  the  spores  (FrSnkel  and  Pfeiffer). 

The  organism  is  easily  stained  with  the  simple  anilin  dyes,  and 
may  be  demonstrated  in  the  blood  or  the  tissues  by  Gram's  or 
Weigert's  stains.     There  arc  no  flagella. 

Cultivation. — The  anthrax-bacillus  may  be  obtained  in  pure 
culture  from  the  diseased  organs  \\\y}\\  various  media.  The  cul- 
ture in  gelatin  is  most  characteristic.  Upon  plates  there  are 
formed  whitish  colonies,  which  under  low  powers  of  the  micro- 
scope sho\v  a  tufted,  irregular  character  at  the  edges  and  upon  the 
surface,  suggesting  bunches  of  twisted  wool-fibers.  The  gelatin  is 
slightly  liquefied.  The  tufts  may  be  removed  by  pressing  a  cover- 
glass  agjiinst  the  surface  of  the  colony,  and  when  stained  are  found 
to  consi.st  of  curved  parallel  chains  of  bacilli.  In  puncture- 
cultures  filaments  project  at  right  angles  to  the  puncture  toward 
the  sides  of  the  test-tube,  and  the  growth  at  the  surface,  where 
oxygen  is  abundant,  is  luxuriant,  while  that  in  the  depth  is  com- 
paratively sparse. 

Pathogenicity. — The  infectiveness  of  the  bacillus  is  undoubted. 
A  small  portion  introduced  into  a  susceptible  animal  gives  rise  to 
marked  symptoms  in  twelve  or  twenty-four  hours,  and  death  soon 
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follows,  TItr  lia<'illi  may  be  (lernoJi^trattH!  in  the  IiIockI  and  in 
variu^is  orinnis  in  gnat  alinmliim^e,  \^'lJrn  tlie  barilhis  is  killrd 
and  the  s]w>n>  are  intruiliu'ed  into  the  body  j^ioiilar  n'.sults  follow. 
The  sporei^  arc*  highly  resistant  anrl  may  preserve  their  virulenee 
for  years.  Sj  mi  relets  varieties  of  anthrax  l>aeilli  have  lieen  en- 
countered and  lia%'e  iuen  prodneed  hy  eultivation  nn<ler  tnifinorahle 
eonditioas. 

DistriMtion,— The  aiithraxdmeillus  oeeni^*  in  all  of  the  Inral 
lesions^  and  from  these  h  earned  into  the  bin* id  and  the  orphans, 
partienlarly  the  ^ph'en,  liver,  kidneys,  antl  luntjsi,  wliere  it  is  found 
in  the  eapillaries  in  bnniense  nii miners.  The  «t  met  are  of  thcf^e 
ort^ans  in,  as  a  ride,  little  afl^eted,  jm*l>ahlv  lieean^^e  death  04'eurs 
before  changes  ean  take  place.  The  orginiisnis  may  \>v  present  in 
otdy  Piiial!  nnnihc/rs  in  the  Idood  of  the  general  ein-nlation  wiren  die 
rapillaries  of  the  various  organs  are  tilled  with  them.  The 
orgimismsaredischargeil  from  the  body  in  the  stools, urine, and  other 
disehurges,  and  are  thu.s  e(»nveyed  to  other  animals.  At  one  time  it 
was  sa[>po>ed  that  they  vveiv  seattered  abmit  by  earth-wnrnis  ob- 
taining I  hem  from  eadavers.  This  is  searefly  pnilialile.  Multipli- 
oatiun  of  the  organisms  outside  the  bndy  durs  not  oeenr  to  any  ex- 
tent, but  the  nrgani^ms,  and  partienlarly  the  spores,  may  live  a 
long  tinK%  and  may  be  conveyed  to  great  distances  in  infet  ted 
materials,  partietdarly  w^ool,  hides,  bristles,  and  the  like. 

Mode  of  Infection, — In  animals  infe<'tion  most  frei|uently  «>eeur?i 
through  the  gastro-intestinal  tra(*t,  tlu^  Imcilli  Ijeing  swallowed 
with  fodder  that  has  been  eituta ruinated.  The  organisms  may, 
however,  gain  entranee  through  the  lungs  or  through  external 
abrasions.  The  latter  form  of  infection  is  most  common  in 
man  ;  thougli  gastro-intestiual  and  pnlmonary  infection  sometimes 
oeeurs. 

Pathologic  Anatomy. — The  lesions  produced  l>y  anthrax 
are  more  itr  less  lot^iil,  but  occastou  general  septicemia.  In  man, 
alter  infection  of  the  skin  through  abnisions  in  persons  handling 
the  hides  or  w*ool,  or  other  materials  from  dis(*ased  animals,  a 
swelling  of  greater  or  less  size  develops.  This  is  intensely  in- 
flammatory', often  covfTcd  aiul  siirmnndetl  by  slight  bidlous  vesi- 
cles, and  attended  with  cousin lerable  edejna.  Erosion  of  tiie  snr- 
taee  may  take  jdace  aitd  siniions  liquid  may  be  ilisehargeit,  with 
the  formation  ai'  crnsts.  Histologically  the  pro<'ess  eonsist^s  of 
rapid  intiltration  of  the  (*onum  and  papillary  bodies  with  h'uko- 
cytes.  The  bacilli  an>  found  in  alumdauce  between  the  cells,  and 
hemorrhagic  infiltration  and  sero*sanguin«>leut  edema  are  observed. 
Necrosis  subsequently  oi-cnrs,  though  not  to  a  considerable  extent. 
When  infection  takes  place  through  the  gastro-intestinal  tract,  as 
is  sometimes  observed  in  man  atid  very  conmionly  in  animals, 
lesioiLS  somewhat  like  the  above  are  formed  in  the  mncosti 
and  ,9ubinueosa  of'  the  small  iutcstinCj  less  frequently  of  other 


294 


TEXT'BOOK  OF  PATHOLOOY, 


parts.  At  first  tlu-se  k'sious  appear  as  hemorrhagic  extra vasa- 
tiuii-s,  then  swelling  follows,  and  finally  the  surface  lilcemtes,  leav* 
mg  irregular  excavations  with  bltxnl -stained  bases  and  edges. 
Profuse  diarrhea  with  hlfKKly  discharges  may  occur.  Infection 
thnnigh  the  lungs  m!curs  in  men  engaged  in  handling  infected 
\\€M>1  (wrM>l-s<irters'  disease),  and  in  jKirson^  working  in  paper-lac- 
tories,  when?  infected  rags  carry  the  germs.  In  these  instances 
the  Imeilli  hwlgt:*  in  tlie  alveuli  of  the  lung's,  causing  rapid  cellular 
exudation  with  eonsiderablc  edema  and  hemorrhagic  infiltration* 
The  process  is  lobular  in  elmraeter,  but  large  areas  of  the  lungs 
may  Ik*  simultaneously  involved,  Serosanguiunlent  pleorisy,  swell- 
ing rpf  tlie  ly  in]  Jill  tic  glamls  of  the  mediastinum,  and  iiemnrrhagie 
extra  \*a  sat  ions  nf  the  nK*diastinum  are  not  unusual. 

Pathologic  Physiology-— Thu  presence'  of  tlie  anthmx- 
bacillus  leads  to  the  formation  of  toxic  materials  in  the  blood,  and 
a  |K>ii5«jnous  albumose  has  been  obtained  from  cultures.  The 
general  symptoms,  however,  are  pmbably  in  large  measure  tfie 
result  of  dissemination  of  the  bacilli  themselves  and  their  !tx*al 
effects. 

It  has  been  found  possible  l>y  eultivati*tn  at  high  temperatures 
and  by  intrculucing  the  organisms  into  insusceptible  animals,  and 
also  byaddiug  chemical  agents  to  cidtni"es,  to  alter  the  pathogenie- 
ity  of  the  bacillus  to  such  an  extent  as  to  make  it  li  a  mil  ess,  even 
to  white  mice.  By  introduction  of  such  cultures  anil  subsequent 
sneccssivc  inoculation  with  cultures  of  iiicreasing  viridence  \nx}- 
tection  has  been  afforded.  Antitoxic  suljstauces  have  been  obtained 
from  the  bloml  of  protectee!  animals,  but  the  method  of  successive 
vatvinatious  rather  than  the  use  t>f  antitoxic  sernni  is  at  pi'csent 
rclii'd  upon  to  eotubat  the  diseasi\ 


INFECTIOUS  EMPHYSEMA. 

Definition*— This  term  is  |>ruvisionally  applied  to  a  form 
Ai{'  infection  that  has  been  described  under  various  names,  such  as 
gaseous  gangrene,  gas-plilcgmon,  em(>liyseniatous  necrosis,  and  the 
like.  Undoubtedly  it  has  Ih'cm  mistaki-n  \\yv  malignant  edema  in 
certain  cases.  Th(^  disease  is  caused  by  the  Bacillus  aerogenes 
eapsulatus  of  Weh*li  au^l  Nuttall. 

Btiology,— The  bacillus  in  question  is  a  nou-nu)tile  organism 
of  variable  size,  3  to  ^i  fi  in  length  and  about  the  thickness  of  an 
anthrax  bacillus,  with  adjacent  ends  slightly  rounded  or  square 
cut,  and  occurring  singly,  in  pairs,  clumps,  or  s*)inetimes  in  short 
chains.  Very  rarely  it  occurs  in  long  threads.  It  is  easily  stained 
with  the  ortlinarv  anilin  dyes  or  (irauvs  stain.  A  capsule  is  some- 
times demonstrable  in  specimens  obtained  from  the  bodV  or 
from  agar-eul tares.  The  bacillus  does  not  form  spores.  It  La 
probably  identical  with  the  Bacillus  phlcgmones  emphysematosie 
of  FriinkeL 
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Cultivation. — The  organism  is  anaerobic,  tio  growth  occurring 
on  the  surface  of  ^olid  media  in  the  presence  of  oxygen.  In 
media  containing  fermentable  material  ga:?-fi>rmation  is  regularly 
observed*  The  colonic!^  in  ag-ar  are  grayish- white  or  slightly 
brownish  ;  those  in  the  deptli  appearing  as  small  spheres  or  ovals 
slightly  flattened,  with  knob*like  or  feathery  projections.  The 
cultures  in  gelatin  show  slight  and  slowly  developing  liquefac- 
tion. 

Pathogenicity, — By  ex]>erinicr)ts  on  animaU  exactly  the  same 
lesions  are  prmluced  as  those  ibimil  in  man. 

Patliologic  Anatomy.^The  lesi*ms  of  this  infection  are 
widespread.  At  the  j)oint  of  inoeiilatiou  tliere  may  be  found 
edematous  intiltration,  with  blooil -stained  fluid,  and  emphysema 
due  to  ^s-fonnation.  Rapid  necrosis  or  gangrenous  soften- 
ing of  the  tissue  may  ix^cur.  The  entire  surface  of  the  body 
soraetinies  becomes  emphysematous,  ami  at  the  autopsy  the  organs, 
especially  the  myocardium,  kidneys,  liver,  ami  spleen,  present  a 
characteristic  apiK*amuce.  They  are  lighter  in  c(4or,  and  on  in- 
spection are  finind  to  be  tilled  with  minute  Mieuoles  or  gas-buli- 
bles*  The  blood  of  tlie  heart  and  vessels  |>resents  a  foamy  eondi- 
tiou,  due  to  the  gixs-f  u^mation.  Practically  any  of  the  tissues  of 
the  body  nmy  be  affected .  Micrfiseopieallv,  the  oct-urrenee  of  gas- 
vesicles  with  numerous  bacilli  in  their  walls  is  the  most  striking 
feature. 

Regarding  the  nnxle  of  infection,  it  seems  likely  that  in  all 
cases  the  orgtmisms  enter  through  some  injury  or  abrasion  con- 
nected with  the  external  world.  Some  cast-s  have  followed  trau- 
matic injuries,  otiiers  occur  in  eonucctiuu  with  itisease  marked  by 
ulcL^rations  of  the  surface  of  mucous  meml)raues,  and  at  least  one 
instimce  has  been  carefully  studied  iji  which  the  disease  occurred 
during  the  puerp^^rium,  pnvbahly  due  tt>  uterine  infection.  It  is 
not  improl>aljle  tfiat  uuuiy  of  the  eases  of  supposed  air-embolism 
from  douching  <>f  the  uterus  after  labor  are  in  reality  eases  of 
this  Ibriu  of  iufection. 


TETANUS. 

Definition, — Tetanus  is  an  acute  infectious  disea^  due  to  a 

•specific  bacillus.     The  l>acillus  i>f  tetanus  was  discovered  by  Jfico- 
laicr  and  isolated  by  Kitasatn, 

Etiology,^ — The  bacilii  <x*cur  in  the  form  of  cylindrical  nxls, 
whieli  are  frequently  swollen  at  oue  end,  due  t*^  the  presence  of  a 
rounded  spore  (Fig.  100),  They  are  slightly  motile  in  the  absence 
of  air,  and  tliev  may  have  flagella.  They  nsnally  occur  singly, 
though  oct%-isioJial!y  a  few  nuiy  l»e  seen  end  tn  end.  They 
occur  in  the  luoal  lesions  frnm  which  traumatie  tetanus  takes  its 
origin,  ami  nuiy  sometimes  bt-  readily  dcmonstratril  by  spreading 
some  of  the  pus  or  exudate  U|Km  a  cuver-glass  and  staining  with 
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the  ordinary  anilin  stains.  They  also  stain  by  Gram's  method. 
The  bacillus  does  not  diffuse  itself  through  the  body,  but  in  a  few 
eases  it  has  been  found  in  the  central  nervous  system.  The  organ- 
ism is  readily  destroyed  by  heat,  but  its  spores  are  quite  resistant. 

Otiltivation  of  the  tetanus-bacillus  is  difficult.  It  is  obtained 
from  garden-earth  or  the  pus  of  infected  wounds  by  submitting 
the  material  to  sufficient  heat  to  destroy  other  organisms,  even  the 
bacillus  of  tetanus  itself,  leaving  the  spores  uninjured.  With  thif 
material  animals  are  inoculated,  and  from  the  products  of  the  local 
lesions  or  directly  from  the  original  material  cultures  are  made  in 
gelatin. 

The  organism  is  strictly  anaerobic.  The  typical  culture  is 
obtained  in  the  depth  of  gelatin.     Deep  beneath  the  surface  there 
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Fir..  l<<).— Bacillus  letaiii ;  x  1000  (Frdnkel  and  Pfeiffer\ 

are  foniu*d  along  the  line  of  puncture  pointed  processes  stand- 
ing out  at  rijirht  angles  fn)m  the  punctnn\  After  a  week  lique- 
faction of  the  gelatin  occurs,  and  an  accumulation  containing 
grayish-white  turbid  liquid  is  formtHl.  When  thegn>wth  is  formed 
on  tin?  surface  of  gelatin  in  an  atmosphere  of  hydnigen  a  similai 
radiating  structure  is  found  in  the  colonics,  the  centers  of  whicli 
are  rather  dense.  Liquefaction  of  the  gelatin  subsequently  takes 
place,  (^'onsiderable  gas  with  a  pungent  oilor  is  prouuceil  in  tht 
growth  of  this  bacillus. 

Distribution. — The  tetanus-bacillus  is  found  very  frequently  in 
garden-<!arth,  in  the  intestinal  dischargt»s  of  animals,  and  upou 
various  articles  al)out  stables.  Infection  otrui's  in  human  beings 
or  animals  through  punctures  made  by  nails,  splinters,  and  the  like. 

Pathogenicity. —  The  bacillus  placet!  ujK>n  an  open  wound  niaj 
not  give  ris<»  to  the   disease,  from   the  fact  that   the   presence 
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of  oxygen  (jrevents  it^  growtlh  Suhcutuuettus  iimculatioiij  how- 
ever, eaujie.s  rapid  clc^stnirtion  of  aiihnals  witli  t\  i)i<.'al  symptoms. 
The  |MTi(Hl  of  incubation  may  l>e  only  a  few  hours,  or  one  or  two 
days,  nr  it  may  he  several  weeks.  The  assot^iation  of  etfrtaiii 
other  or<ranisms,   sueli  as  tlxe  pns-prn<lnein^  t»r<^auismS|  seeniH^  to 


fixvor  thr  <1(  veh: 


>)i; 


itie 


ivor  thr  development  ot    the  disease  liy   prt'vriitm^  pJia^>cyt 
aetion  of  Irukorytf  s,  or  by  inmsuming  oxygen  and  tlins  ailowing 
tiir^  t»-tnniis-l>aeilhis  to  flonrisli. 

Pathologic  Anatomy. — No  eharaeteristie  lesions  are  fonml 
in  this  (lis4'iise.  Local ly  a  wonnil  or  injury  throuj^li  which  ijioeu- 
Iiition  lias  taken  place  ma  '  be  discfivered  ;  l)ut  tliis  is  only  execp- 
ti*»nally  exti-nsive,  Sinnctinies  my  lot  a  I  injnrv  can  he  *liscovr  red^ 
and  it  is  su|i|Hiscd  tliat  infi'ctifai  at  times  occurs  thnni^li  tliet^astro- 
inttstitial  tract,  or  tlirongh  other  nineous  meinhmucs.  Intense 
congestion  uf  parts  of  the  ntTvotis  system  may  be  found  at  the 
autopsy,  but  this  is  nut  ciiaracteristic. 

Pathologic  Physiology, — ^Tm'o  distinct  toxins  have  been 
recoii^iiizcd — ftianf^sptt^ntitu  whicli  is  tlic  )nvdunHnant  poison  and 
that  whirh  caiisi^^  the  spa.sms,  and  fifatif*if/^'itN  a  hcin*ilytie  stibstance 
of  uncertain  iiu[>ortan<'e*  The  toxin  of  tctiiotis  is  alnidst  iu(*on- 
eeivably  p>is*)noni^,  a  fact  wliieh  acctMuits  for  the  dcvplojiment  ol' a 
fatal  clisetLse  in  cases  in  which  the  innnhcr  of  harilli  is  minimah 

Tht*  spasnimlie  seisiu res  first  atf'ect  tlie  muscles  near  tl\e  point  of 
in«M*u[ation  and  in  mild  infc<lions  may  he  contiufcl  to  these 
nnisclcs*  This  has  been  explnuc*!  by  the  rcccJit  ex[K'rimcnt*s  of 
Mever  and  Ranisoin  and  others  wIki  showed  that  the  toxin  n-aela  s 
the  nerve  cells  ot"  tlic  spinal  eord  by  traveling  from  tlic  niuscidur 
end-plates  of  tlie  motor  nerves  tlirougli  the  axis  cylinderB  to  ttie 
cord.  The  toxin  iujcctetl  into  the  bhioddois  not  passilirectly  to  the 
nerve  centres  but  always  travels  ap  the  motor  JU'rv*"^  as  ilescriljed. 
The  p:trts  first  affected  liy  spasm  are  therefore  those  about  the 
point  of  ino^'uhition  ajid  of  elaburatiun  of  tlic  toxin. 

Tetanus  antitoxin  has  l>cen  obtained  hy  snccessive  inoculations 
of  animals  with  the  toxin  and  in  laboratory  expei*iments  hag  been 
tband  specific  and  exact  in  its  antagonism  fo  the  toxin.  In  treat- 
hi'j^  the  disease  in  manor  animals  the  re^^ults  have  been  dlsappoint- 
ini^  hut  this  is  jiow  known  to  he  due  to  the  maimer  in  wliich  the 
toxin  and  antitoxin  arc  respectively  distributed  and  absorlved  and 
t*i  the  fact  tliat  the  toxin  has  usually  reached  tlic  vubienible  nerve 
centres  at  the  time  wdien  the  antitoxin  is  injeeted.  The  antitoxin 
must  be  first  alisorluHl  by  the  lymjOiatics  and  carried  to  the  l^IiKwl 
witli  which  it  is  distributed  to  the  Huids  nf  th*^  Ixtdv  whence  it  is 
again  abscu*bed  l>y  the  nerves.  It  is  not  tidceu  up  <lireetlv  fnmi 
the  bhx»*l  by  eitlier  tlie  central  or  peri[ihend  la^rvous  tissue.  For 
these  reasons  the  sulicntancons  injection  of  aniJtoxin  fails  to  efTcet 
the  neutralization  (jf  mueh  <if  the  toxin  since  the  latter  is  ([uickly 
absorbed  hy  the  peri|»heml  nerves.     Intravenous   and  intradural 
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(spiual)  ijjjectioiis  are  more  rapid  iu  their  effects  and  therefore  pre- 
ferred. 

ACTINOMYCOSIS. 

Defitlition- — ^At^tiiMniiyrosLs  is  a  ilironir  "mfeivtiaus  pnK'css 
chara^t^^rized  hy  ititlaiiiiiiutory  reaction  oi'  the  tissues  with  a  ten- 
denty  to  the  foriTiation  of  auj»punttive  foci,  and  due  to  the  sj>eeitic 
aotinn  of  a  rnicro-organisra,  the  Adinomyea*  bovis. 

etiology,— =  A r^tinnmvroriis  is  a  disease  of  cattle,  horses,  swine, 
sheep,  the  Iknia,  the  elepliant,  deer,  dog,  and  iKX-asionally  ijf  man. 

The  s|>ecific  caiK^e  of  the  disease  is  an  organism  which  (jeeiii^ 
in  the  tissues  in  the  form  of  clusters  having  a  radiate  structure, 
and  it  has  therefore  been  termed  t!ie  **  ray  fungus.**  These 
clusters  may  be  so  small  as  to  be  invisible  to  the  naked  eye,  or 
they  may  reach  considerable  tlimensions  by  their  growth  and 
aggregation.  The  central  part  of  the  chister  frequently  has  a 
granular  apjx^a ranee,  suggesting  a  mass  of  mierococci.  Keachiiig 
out  from  this  may  lie  seen  more  or  less  rcguhirly  diverging  striae 
or  rays,  ami  the  periphery  is  composed  of  wliat  appear  to  be 
bulbous  extremities  of  tite  rays  (Fig.  101). 
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Fia.  101.    AcUuoiayttij*  elu^vler  (K^irg  aud  SctiEaorl). 

Bostroem  in  189nan<l  WoltTand  Israel  in  ]H91  pufdisiied  not- 
aljle  articles  on  actinomycosis  and  rc>i>ectively  isolated  an  aerobie 
and  an  auaerr»bie  growth.  Tlie  relation  tif  the  former  to  actinnmy- 
cosi^  has,  however,  been  disproved  while  the  anaerobic  growth  aloue 
is  important*  The  aeroljc  of  Bostroem  was  apjvanutly  a  contami- 
nating or^iuism  relate<l  to  the  liranching  organisius  which  weur 
in  the  outer  world,  and  that  have  been  varii>u.sly  classified  as  strep- 
^i)tlu'ix,  cladotbrix,  etc*  As  these  occur  on  various  grains  and  on 
the  spears  of  t lie  i>at  seed,  etc.,  Bostroem  believed  tliat  the  organism 
was  derived  from  such  sources.  More  recently  accurate  studies 
like  those  of  Wright  (Journ.  ^\mA.  Itesearch,  Jlay,  1905.)  seem  to 
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have  disproved  the  coiiiieetion  of  the  aerobic  oi^nism  and  to  have 
established  the  iiirlependencf  of  tiit'^  true  at'tiiKnjiyccs  from  the 
group  of  hniuehing  orgtuiiHiiit^  rfffrred  to.  Wright  insists  that 
these*  sliould   be  elassitied  as  a  se[jiirate  genus  uiitler  the  name  uf 

Cultivation  of  the  Orfjanlsm.  Growths  have  been  obtained 
upon  sugar  agar,  in  bonillon,  and  various  other  niHlin.  Suspen- 
isiun  eultun^s  in  dextrose  or  glucose  sugar  show  in  the  eoui-se  of  2 
to  4  days  seattered  colonies  in  tlie  dt^jitli  of  tlie  agar  an<l  a  very 
few  within  5  to  10  nuni,  of  the  surface*  A  shallow  zone  of  closely 
set  colonies  giving  tlic  appearance  of  a  dense  cloudiness  in  the 
media  and  about  2  to  4  m.ni.  wide  is  generally  tbund  at  a  point 
about  5  to  10  m.m.  lx4ow  the  surface.  Kelow  this  zone  tlie  c*>l' 
onies  are  more  st^attereiK 

The  growths  are  essentially  auai'rolu'e  ;  an<l  grow  l*est  at  body 
temperature.  Under  tlie  micro>copc  the  smaller  colmues  ai*e 
found  to  be  spherieul  masses  of  bmnching  filaments  mdiating  from 
the  centre.  The  braueliiug  is  tnie  bninrhing  and  increases  as  the 
colony  grows  older. 

In  stab  cultui'cs  in  sugar  agar  the  growth  appears  as  a  dense 
gray  streak  or  line  of  small  Tiodides  in  the  drepcr  parts  uf  tlie  stab. 
No  growth  ot;curs  near  the  .^uriaee. 

Ill  l>onillon  solid  wliitc  nnisses  ibrtii  al  the  bottom  of  tlie  IuIm*  ; 
none  appear  Jiear  tire  suHaee.  In  bonillon  the  growths  occur  lj(»th 
under  aerobic  and  anaerobie  eonditiuns,  Init  in  the  case  of  the 
former  Wright  suggests  that  on  accyinit  of  tlie  ennipaetness  of  the 
masses  there  are  really  anaerobie  conditions  within  tlie  colony* 

liccently  Wright  has  itbtainetl  juire  cultures  ejf  hriniching  tila- 
mentons  organisms  agreeing  with  one  another,  in  1»]  ca^cs  of 
actinomycosis  in  man  and  2  cases  in  cattle. 

The  cuUivatiiUi  of  this  organism  presents  unusuid  difficulties 
owing  chieMy  to  tljc  frei|ucnt  pnst  nee  of  other  bai^teria  in  tlie 
lesions  which  usually  grow  mon^  rapidly  aud  more  luxuriantly  than 
does  tiic  speeiijc   organism. 

In  a  IW  cases  pure  cultures  were  obtained  by  phmtiug  the 
granules  directly  in  iKiuillon.  In  some  instances  of  contamination, 
by  allowing  the  tube  to  stand  tor  sevend  days,  the  contanduatiug 
organisms  died  out  and  transplants  then  yiehled  pure  cidiures. 
Generally  sugar  ngar  was  the  ujc<liuni  e^niployed  ibr  isolatif^n  of 
the  micro-organism.  It  grew  well  only  in  ngar  and  bouillon  cul- 
tures and  in  the  inenhator  at  37 '^'  C  In  the  other  usual  cultural 
media  and  at  room  tem|)eniture,  it  grew  very  pfKU'ly  or  not  at  all. 
It  was  essentially  an  anaerobe  ;  ami  did  not  form  spore-like 
reproductive  elements.  In  cidtures  its  eolonies  wire  similar  in 
character  to  those  in  the  lesions.  The  vitality  of  the  micro-urgan- 
ism  was  varialde.  In  g*^neral  it  did  not  seem  to  survive  as  loug 
in  cultures  as  w4ien  dried  on  the  sides  of  test  tubes.     It  was  killed 


300  TEXT-BOOK  OF  PATHOLOGY, 

by  exfxjsure  to  a  temperature  of  from  00°  to  64°  C.  for  ten  minutes. 
The  micro-organism  stained  well  by  Gram's  method  the  clubs  los- 
ing the  stain  and  taking  the  contrast  stain  ;  it  is  not  acid  fast  to 
Gabl)et's  decolorizing  solution  after  staining  with  carbol  fuchsin. 

The  filaments  of  colonies  immersed  in  animal  fluids  such  as 
blo<xl  S(;rum  and  serous  pleuritic  fluid  may  under  certain  unknown 
conditions  become  invested  with  a  layer  of  hyaline  eosin-staining 
material  of  varying  thickness  and  the  filament  may  then  disappear. 
Thus  <tnictures  are  produced  that  seem  to  be  identical  with  the 
characteristic  "clubs"  of  actinomyces  colonies  in  the  lesions. 

Pathogenicity.  Inoculation  experiments  on  animals  with  cul- 
tures of  the  micro-organism  resulted  in  producing  in  the  tissues  of 
the  inoculated  animal  characteristic  "club*'  bearing  colonies.  This 
club  formation  Wrigiit  is  inclined  to  Ixilieve  represents  a  kind 
of  protective  membrane  for  the  mass  of  the  colony  against  the 
destructive  action  of  the  juices  and  cells  of  the  tissue.  After  the 
int)culation  of  animals  nodular  lesions  and  in  some  instances  rela- 
tively ext<?nsive  lesions  were  produced.  They,  however,  showed 
little  tendency  to  progress  and  only  in  a  few  cases  did  multiplica- 
tion of  the  oriranism  in  the  body  of  the  animal  seem  probable.  In 
other  words  thrse  results  simulate  closely  the  negative  or  ambig- 
uous results  olitained  by  other  observers  who  inoculated  animals 
with  the  lesions  of  actinomycosis.  It  would  seem,  therefore,  proln 
able  that  the  micro-organism  in  the  cultures  was  identical  with 
the  micro-organism  in  the  lesions. 

Wright  rwognized  but  one  micro-organism  as  the  characteristic 
infectious  agent  in  typical  actinomycosis  and  applies  to  it  the  gen- 
eric and  specific  name  of  Arfinoini/crs  hovis  as  given  by  Bollinger 
and  Harz.  There  is  not  sufficient  difference  between  the  actino- 
myces from  the  human  and  bovine  cases  to  justify  their  classifica- 
tion ii<  separate  species. 

The  mannor  of  inf(»ction  with  the  actinomyces  is  not  com- 
pletely determined.  Formerly  it  was  thought  that  the  parasite  was 
carried  to  the  tissues  by  various  vegetabhi  substances,  j>articularly 
the  spears  of  the  oat-seed  an<l  other  grains.  Sometimes  these  have 
b(*en  found  enibed<led  in  the  lesions  ;  in  other  eases  splinters  of 
woo<l  have  been  discovered.  The  fact  that  the  organism  is  a  rigid 
anaerobe  an<l  grows  only  at  body  temperature  tends  to  disprove 
this  view  and  it  is  likely  that  the  actinomyces  is  a  normal  inhabit- 
ant of  the  mouth  and  gastro- intestinal  tniet  and  always  derived 
from  these  sources.  Carious  teeth  and  lesions  of  the  mucous  mem- 
branes may  play  a  part  in  the  etiology. 

Pathologic  Anatomy. — The  pathologic  changes  induced  by 
the  actinomyces  consist  of  round-celled  infiltration  and  prolifera- 
tive changes  in  the  ermnective  tissue  surrounding  the  parasite,  and 
sometimes    secondary    softening,  necrosis,    or   sup])iiration.     The 


Actinomj'cods  nf  tin*  jaw-lMjnc  nf  nn  ox.     Tlie  dark  arfn?*  ntu\  t]w  bnikon- 
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granulation  ti-sMK-  iif  ai'thiutDyc(Ji?i.s  is  espceiully  ricli  in  leucueytos, 
ami  not  iiit're(|iiiMUly  the.^e  fiu'tn  ikiir>e  iiK."i,  wliicti  later  devi?lr»p 
puriiitint  col l*rt ions,  lu  rattle  the  disLase  utlet*ts  the  lower  jaw, 
leas  frequently  the  upper  jaw  or  other  l)oneri ;  the  tissues  of  the 
neck,  the  tongue,  and  other  jitiits.  In  man  it  is  met  witli  in  the 
ginns,  tlje  eheekj^,  and  Hoor  ot'  tlie  mouth,  in  tlie  hingt^,  intestines, 
and  other  intiTual  organs.  Tlie  nuked-eye  appearanee  of  the  lesions 
may  tirst  l>e  simply  that  of  a  hard  red  papuhir  tormatiou,  witli  more 
or  ies5  induration  surroinidiug  it ;  later  this  tends  to  iucreiise  io 
size  and  may  hn^ak  tlown,  forming  necmtic  or  suppurative  exea- 
vations.  The  pnvcess  of  repair  or  cieatrization  may  proceed  in 
some  parts  to  the  extent  of  almost  complete  repair,  while  tlie  sup* 
pnrative  or  necrotic  change  advances  in  other  directions,  and  thus 
cavities  antl  irregular  communicating  sinuses  arc  estahlished.  The 
so-calle<l  sulptmr  granules  or  aetinoniycos  btxlies  arc  found  in  tlie 
pus  diseharged  from  the  sinns  or  still  retained.  The  part  in  which 
the  disease  exists  may  be  considerably  distigurcd  and  ninch  enlarged. 
Tlie  pus  or  necrotic  material  witliiu  the  lesions  contains  peculiar 
granular  boilics,  the  *' sulphur  grannhs ''  or  actinomycosis-bodies. 
The  s:ind4ike  or  sulphur  grannies  measure  O.'i  to  0.6  to  at  times 
1*2  mm.  Tlicy  arc  of  a  gray,  yellow,  green,  to  red  cf»lor  When 
young  soft,  when  oldei%  much  tonglicr  in  consistency.  Occasion- 
ally ealciticatiou  of  the  dis^^asetl  area  may  Inke  [ylaoe.  Whr^n  the 
jaw-boue  is  aflW'tcd  the  disease,  ns  a  rule,  begins  abont  curious 
teeth,  tistida;  communicating  witli  the  roiits  of  teeth. 

In  the  citse  of  disease  f^f  tlie  lung's  smue  have  f observed  a  pre- 
liminary eatarrlnd  iiiHammation  of  tlie  linmehi.  More  fVri|Uently, 
however,  there  are  fnmi  th*'  first  innlular  anas  of  bronchopiieti- 
mtmia,  which  tend  to  undergo  elianges  similar  to  tlnrse  already 
descrilietl.  The  siirroiuidiug  lung-tis,snc  frctjUf^ntly  iHM^omes  indn- 
ratcd  from  interstitial  pncnmrmilis.  Ext<iision  may  ticeur  to  the 
pleura,  pericardium,  and  n^ediastiual  tissU(\*i. 

In  the  case  of  actinomycosis  of  the  intestinal  tract  there  are 
first  elevations  of  the  nmcons  membrane,  the  disea^se  involving  the 
mucosa  and  tlie  sulmiucosa.  8ubscf|uent  softening  of  tlii^se  leads 
to  tlic  formation  (»f  nh  erations.  Extension  to  l\\v  peritoneum  and 
tt>  tlie  other  organs  of  the  abdomen  may  take  place. 

In  any  case  of  actinomycosis  a  j>cnctnition  of  the  bhwid-vessels 
or  lymph-cli:inuels  m:iy  lead  to  mt^tastascs.  Thus  in  aetbiomyeo 
sis  of  tlu'  abdmninal  cavity  the  liver  is  frequently  involved;  and 
other  parts  of  the  limly  may  be  similarly  affected.  Actinomycotic 
lesions  of  the  brain  (abscesso)  are  sometimes  seen  in  such  in- 
stances. In  ivther  (*ases  of  cen'hnil  iuv<ilvcmcnt  there  mav  be  no 
evidence  of  the  original  1<m'!i>  or  point  of  entivince  u\^  the  germ. 

Microscopically  tlic  characteristic  feature  of  this  disease  is  the 
parasite  itself  snrronnded  by  lymphoid  cells  in  considerable  num- 
bers,  with    some    epithcboid   cells   and    occasionally    giant-cells. 
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When  the  process  tends  to  n  fiivomhle  termination  hvcinatrization 
fibrons-tissye  fur  mat  ion  proi'tMHk  in  the  iisiuil  nuitmer. 

Pathologic  Physiology. — The  aetinomyees  is  mainly  active 
as  a  Ifieal  |iiirdsite,  i\\Q  genemi  (listiirhiinces  of  health  bein^  com- 
jKjrntively  slight.  There  is  a  market!  tendency  to  linn'tation  or 
retardation  ot*  the  disease,  and  sonH^tini*  s  this  is  etfeeted  eoni- 
plett  Iv. 

MYCETOMA, 

Mycetoma,  or  .Xfaduni-luot,  is  an  infectious  disease  occurring  in 
India  and  elsewhere,  and  caused  l>y  an  iirganism  (»f  an  uncertain 
hiolugie  class.  The  disease  is  not  infrequent  in  Aladuni,  Delhi, 
and  (»thcr  parts  of  India,  and  has  lieen  observed  in  Africa,  8<juth- 
em  Europr,  nnd  Americii, 

Etiology  and  Pathologic  Anatomy, — As  its  name  indi- 
cates, the  disease  affects  the  fr»nt,and  usually  fullows  injuries,  joar- 
ticularly  tliorn- wounds.  In  rare  i-ases  the  hands  or  other  parts 
arc  affected .  At  first  there  is  nodiihir  inflammatf»ry  swelling*  be- 
ginning on  the  plantar  surface  or  dorsum  of  the  foot  and  spread- 
ing to  the  sides.  These  swellings 
arc  hnrti  ami  paiidess.  Ljiter, 
softening  occurs  and  rupture 
takes  phxce.  Thin,  M'ater\*  pus 
is  dischargetl,  and  this  contains 
grayish  or  reddish  granular  IkkI- 
ies  or  black  gnuiules  resciniiling 
|>artic'lf's  of"  giuipt»wder.  In  tlie 
former  eaM'  thi-  term  pale  myce- 
toma is  applied  ;  tlie  latter  vari- 
ety is  called  bhick  or  nielanold. 
In  the  lat(  r  stages  of"  the  disease 
disrlmrgiug  simises  may  remain, 
wiiih'  newer  niMhdes  in  turn  are 
inrninl  and  soften.  Finally,  the 
memlier  affected  iRt'omes  greatly 
deff»rmed,  thi*  jxirtions  not  in- 
vtilved  growing  thin,  while  the 
dj>cased  part  iuereases  in  size. 
I)(  ath  fH'curs  from  exhaustion  or 
eom]>ljeations. 

UhifJoyieuHy  the  nothdes  re- 
semble  hirge   tubercles,  but  are 
wu.  ur>    «♦„.*  .1  .    *.   I       -  highlv    vascular.     The    bulk   of 

uon  of  tamHiiwMt  tiMur  <vinrotit).  tnc  growtii  eonsists  nt   granula- 

tion-tissue cells,  those  in  the  cen- 
ter being  nmalb  those  near  the  outer  edge  o^en  large  and  contain- 


I 


In  th 


e  center 


ing  two  iir  murv  mielei.     True  giant-cells  are  mvt\ 

loiiv  Im'  tbiifid  31  brauehing  mit*n>-organism,  called  SfirpifjUirix  }fa* 
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dnrff  (Vincent ).  This  stain,s  hy  (intm\«  iiiL'thorl,  find  sometimes 
shows  somewliut  liiill>uus  t; welling;  <it'  the  ends  uf  the  tijreuds  and 
their  branches  (Fig.  102}.  The  niyrelia  of  tho  blaek  variety  of 
myeettmia  are  descrihed  \>y  Laveran  as  tliieker  and  fo;irstr  than 
thoso  of  the  pah^  form,  ami  he  believes  the  orjiranij^ms  are  distinet 
varieties  of  a  species,  Aronnd  tlie  or^-^nism  may  he  seen  an  area 
of  degeneration,  having  a  .'striate  arrangement  suggesting  that 
seen  in  aetinomyeosis.  Extensive  degenenitinn  mid  pns-formatit^i 
oceiir  in  the  center  of  the  diseased  areas  in  the  hiter  stages;  and 
hemorrhage  may  oceur  from  tlie  new  I dood -vessels*  Histologic 
examination  of  the  gnmnles  in  the  pns  shows  the  niiero-organisms 
in  the  form  of  interlaeing  threads.  Bixlies  resenihling  spores  have 
oceas  i  on  a  1 1  y  bei^  n  d  e.  ;e  r  i  [>e<  1 . 

The  organism  has  not  as  yet  l»e4'n  definitely  ekussified.  It  is 
certainly  allie*!  with  the  aetinomyees,  hut  proljably  not  identieal. 
It  has  been  euhivated  npon  varions  media,  partieularly  infusions 
of  hay  and  the  like^  rendered  slightly  aeid  in  reaction.  It  forms 
Fm:dl  nodnlar  ajid  hard  growths,  whieh  become  rose-red  in  color 
%vhen  tfiey  eling  to  the  sides  of  the  t*'st-tyi)e  near  tlie  snriiiee  of 
the  liquid,  i»r  hrownish  when  they  sink  to  the  bottom.  Upm 
agar  isolated  grayish  or  later  rose-reil  ehtstei's  are  formed.  In- 
oculation-experiments have  thus  far  met  with  little  suceeaa. 
Lfx'al  reaction  has  been  so  prodneed,  Imt  not  a  definite  disease. 
Several  invesligators  iiave  rea<'liet!  the  eonehision  that  there  are 
two  or  more  kinds  (*f  miero-organisms  that  have  an  etiologic 
relation  to  cases  of  Madura-foot.  It  has  in  particnlar  l)een  sug- 
gested that  the  white  and  black  varieties  of  the  disease  have  a 
distinct  liaeteriotogy.     These  views  need   further  confirtnation. 

Otlier  Streptothrices  and  Cladothrices, — Several  other  less  importunt 
foraii*  »^f  tkcK'  p;riiups  luivt;  been  di\^eribed,  lis,  fur  eXEiinple,  the  variety  of 
Cladothrix  found  hy  Epiviii^er  in  ahseer.?4  (*tthe  limiii,  imd  the  t^t  re  ptoth  rices 
diHCovered  hy  Flexaer  and  by  Biiehhfdtz  in  psendotnbtTeiilnsiK  nf  the  Inng. 
Tattle  ha*  colleclt'd  Ivvelv*^  eii-^es  i^t'  ^^treptothricosis  tn>ni  llie  literjiture  in 
all  of  whieh  the  or^aiii>tn  wa.s  pre.scnt  in  saeli  libundance  antJ  eharsieterislie 
distrihution  as  tu  ^eeiii  fif  <lelinlte  etioht^ie  importance.  Thesie  orgauiisniH 
have  not  as  yet  reeoivi-d  definite  clossitieatioii.  In  thij*  ennncTtifin  it  J8 
interesting  to  note  that  thti  tahercle  haeiUus  under  ci-rtain  conditi^ma 
assumes  forms  wuf^ge^^tiii^  a  rlorte  reliition.ship  with  the  streptothrices^  nnd 
that  a  baeilhH  ha?i  heen  ff)und  u]inu  Ui,iy  and  varioiiH  vegetiibles,  and  in  the 
feces*  of  animal"*,  that  cauf*ed  iitypieal  tnbercle?*  whc^ii  injeetc^d  into  an  in  nils 
in  pure  culture. 

RELAPSINO    FEVER. 

Definition.— 'Relapsing  feviT,  or  typhns  reenrrens,  is  an  infee- 
tioiifi  and  euntaij;ions  disease,  prohably  eaus*'*!  Uy  a  speeitie  organ- 
hu\  which  i>  fuund  in  the  blood. 

Etiology, — The  Spiroeluetn  <  )l»crmeieri  is  a  spiral  organism, 
in  length  several  times  the  width  of  the  retl  etFrpnsele  {16  to  40/i/) 
It  is  found  in  the  fresh  blood,  and  presents  active  movenxents  due 
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to  rotation  and  probably  flagella  (Fi^.  103).  Recently  it  has  been 
claimed  by  Schaiidinn  that  this  and  other  spirochaetes  belong  to 
the  g£OWi^  o(  flagellaies  (animal  parasites)  and  are  closely  related 
to  the  trypanosomea.  Novy's  investigations  appear  to  have  com- 
pletely disproved  this  view.  The  organism  stains  well  with  ordi- 
nary anilin  dyes.  The  relation  of  this  spirillum  to  the  disease  can 
hardly  be  questioned,  as  it  is  invariably  present  and  appears  in 
the  blood  during  the  paroxysms  of  fever  and  disappears  in  the 
intervals,  thus  showing  its  relatiou  to  the  symptoms  of  the  disease. 

The  organism  has  not  as  yet  been  cul- 

qqO^O  ^  tivated,  but  by  inoculation  with  blood 

O  ^w/     Oo  ^  number  of  investigators  have  trans- 

/>\^  ferred    the   disease    to    monkeys    and 

OcsJiX  J/^       human  beings. 

^O  ^j   •  Pathologic     Anatomy.  —  The 

o       spleen    becomes   greatly   enlarged ;    it 

.f^r^^""^     ->^00:sC^^^      frequently  presents   a  variegated   ap- 

r\^      r\^  Q        pearance  on  section,  due  to  areas  of 

€jq^^O  C^q'  anemic  infarction  and  necrosis  or  fatty 

O  degeneration    alternating  with   deeply 

Fig.  103.— SpIrochsBta  Obermelcri       p.x«,-o«fnr1    nnrtmne 
in  the  blood  (von  Jaksch).  COngCfeieU    porilOUS. 

Pathologic    Physiology. — The 

peculiar  feature  of  relapsing  fever  and  the  one  that  has  given  it 
its  name  is  the  recurring  i>an>xysms  of  fever.  The  cause  of  this 
periodicity  is  as  yet  unknown,  though  it  is  likely  that  the  develop- 
ment of  the  spirochseta  is  such  as  to  determine  the  relapses. 

INFLUENZA. 

Definition. — Influenza  is  an  infectious  disease  occurring  in 
widespread  epidemics  and  caused  by  a  si)ecific  bacillus. 

Ktiology. — The  Bacillus  influenzae  was  discovered  by  Pfeif- 
fer  and  Canon  in  1892.  The  bacilli  are  extremely  small  and 
usually  occur  singly,  though  they  are  occasionally  united  by  the 
ends,  forming  short  chains.  They  may  be  stained  with  the  ordi- 
nary anilin  dyes,  esj^ecially  with  carbol-fuchsin,  but  are  decolorized 
by  Gram's  metluMl.  The  ends  of  the  bacillus  are  somewhat  swol- 
len and  usually  stain  rather  more  deeply  than  the  shaft.  This 
gives  the  orgsmism  somewhat  the  appearance  of  a  diplococcus  or 
dumb-b(»ll-shaped  bacillus.  It  is  not  motile.  The  first  generation 
of  the  l)a(;illi  will  grow  only  in  the  presence  of  hemoglobin  and 
arc  therefore  cultivated  upon  glycerin  agiir,  the  surface  of  which 
has  been  smeared  with  rabbit  or  human  blood,  forming  minute 
drop-like  colonies,  seen  with  ditiiculty  witli  the  naked  eye,  but 
clearly  with  the  aid  of  a  lens.  The  colonies  do  not  coalesce.  The 
appeanuice  of  the  growth  is  somewhat  like  that  of  condensed 
moisture  on  the  surface  of  the  culture-medium.  Later  generations 
of  bacilli  may  be  cultivated  on  agar  or  in  bouillon. 


BACTERIA  AND  DISEASES  DUE  TO  BACTERIA. 


305 


The  bacilli  ooeur  abuudaiitly  in  the  sputum  of  the  disca8<^, 
decreasing  in  quantity  as  the  ease  advances.  Wlien  pundoiit 
expeetonition  ceases  the  Imeilliis  disiippoars  entirely.  Not  rarely 
the  orgaiiisnis  are  readily  recf^^nized  in  the  sputum  hy  simple 
staiuiiip^  methods,  A  ctTtain  diiignosis  is  not  possible  iu  this  way 
and  even  in  cultures  oth^T  <u*ganisnis  (see  below)  liave  a  puzzling 
resemblance.  In  fitted  cases  it  Ijas  been  found  iu  abuiulauce  in 
the  tissues  of  the  bmg,  parlicularly  iu  eases  iu  which  complieatiug 
pneumonia  has  existed.  It  dot-s  not  occur  in  nther  diseases. 
Animal  experimentation  has  thus  far  been  uusatislhctory,  tbougli 
the  organism  hns  ]>ruvi'd  patlu>gruie  fur  rabbits  and  monkeys. 
The  symptimis  art-  suggi  stive  of  human  influfns'a  but  entirety  con- 
clusive results  have  never  been  obtaini-d.  Tlic  specific  cliaracter 
of  the  i^rganism  is  tlu^rcfore  infcrrt^d  ratlicr  thim  denuiustrated. 

Pathologic  Anatomy *^Thf ►re  are  no  speeitie  h  sions  iu  tins 
disease.  The  organ isuis  ]U'ovoke  iufeusi^  catarrhal  process* -s  and 
doubtless  at  times  pueumuuia.  In  some  cases  th<'  jun  umtaiia  of 
grip  is  caused  i>y  mixed  or  secondary  infection.  luflamnjatory 
lesmns  and  hemorrlmgic  infiltrations  iu  the  niend>rancs  of  the 
brain  and  just  beutatli  the  membrjues  havt^  been  otjserved. 

Pathologic  Physiology, — Very  little  is  kn*>wu  regarding 
the  mode  uf  activity  of  tlie  bacteria*  The  eoustitutinual  symp- 
toms suggest  toxemia,  but  the  u:ttnre  of  the  puisnu  is  nbscnre. 
The  immunity  from  the  tlisease  must  be  exceedingly  ghort,  as 
reeurring  uttacks  aiKl  relapses  may  be  frequent  and  sueeecil  one 
another  nipidly.  It  has  been  found  tliut  thr  iriHuenm  bacillus 
may  remain  in  the  brourhial  tubes,  espfei;dly  in  tuberculous  cases, 
tor  moiitljs  or  years.  From  tiuie  to  time  renewed  acute  infect iuu 
takes  phice.  Certain  coujpli exit  ions  and  setpu  Is,  siuli  iis  inHamiua- 
tions  of  the  serous  surtacrs  and  juuritis,  iudirate  geueralizrd  infec- 
tion and  intoxieixtiou.  The  tu'guuism  dues  not  seem  ti;  thrive  or 
multiply  in  the  bliKHl.  It  has  Ijccn  found  in  otitis  media  and 
other  ccHulititins  \vin\4i  suggest  a  metastatic  deposit.  In  gt  tu  ml, 
however,  intftieuza  seems  to  be  a  local  iufectiou  with  trtueral  tttx- 
emJa  litit  rarely  general  iufi'ctinu. 

Organisms  resembling  the  influenza  bacillus. — A  very  similar 
organism  callcHl  tlie  psc  udtHinfluenza  bacillus  has  been  described. 
It  is  somtnvliat  larger  an<l  tends  to  ffU^m  long  filauu'uts. 

The  Koch  -  1 1  Wks  bar  Hh  ^s*  o  f  e]u  d  e  m  i  c  co  n j  u  n  c  t  i  N  i  t  i  s  d  i  t!  e  m  i  n 
its  manner  nf  growth  antl  in  the  fiict  tljat  luriH>g!ol>iu  is  not  nec- 
essary^ in  the  nu'dia.      It  is  uou-|mtl»ugent<*  in  nuimals. 

Au  organism  described  as  tht^  cause  of  whoopiiig  c^ugh  is  alscv 
closely  related.     Its  position  is  still  imcertaiu. 

20 
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BUBONIC  PLAQUE* 

Definition.— The  biiboiiic  plague,  or  pest,  is  an  irifectioUB 
disease  due  to  a  peculiar  bacillus. 

Etiology. — The  baeillus  of  bubonic  plague  was  discovered 
bv  Yersin  in  1894.  In  blood  drawn  from  a  iiuncture  of  the 
skin  and  in  pus  from  the  aifeettd  glands,  nuiy  be  found  small 
bacilli  somewhat  rei^embling  the  infloenza-baellfus.  These  organ- 
isms may  be  stained  readily,  and  often  more  deeply  at  the 
poles  than  in  the  center  (Fig.  104).     This  gives  them  an  ajipear- 


m^ 


Flu*  lui.— BucilliLikr  iii  buUiui€  |hLjLgu«i  (YeimioL). 

ance  resembling  tlxat  of  the  diplococci,  and  in  specimeuB  from  the 
bloixl  or  tissneB  there  is  an  indtstinet  eapsule.  The  organism  is 
mther  oval  in  shape  but  club-yhape^d  f  >rms  are  frequent  and  in 
cultures  long  chains  are  met  \vitli.  The  bacillus  is  feebly  motile; 
recently  it  is  e!aime<l  that  Hagella  have  been  detected.  Pure  cul- 
tures have  been  obtained  upon  various  media,  l^jron  glyeerin- 
a^nr  moist,  roundeil,  whitish  or  bluish- white  colonies  are  formed. 
Portions  of  such  eo  Ionics  removed  for  eje  ami  nation  show  the 
bacilli  ranged  in  chains. 

Pathogenicity. — The  baeillii8  has  Ijcen  found  pathogenic  for 
miee.  nil.H,  guitiea-i)igs,  and  rabbits,  and  the  symptoms  produced 
by  [>nre  cndtures  are  the  same  as  those  induce*!  I>y  inoeutating 
uniujalh  with  hhwid  wt  jMjrtions  of  tissue  from  iliseased  persons. 
Thr  lyjn|j|ijitie  glands  may  be  swollen  and  petechial  hemorrhage 
may  oeeiir  an  in  the  human  disease. 

OtitHbution. — In  the  human  lieing  suffering  from  bidmnic 
[ilaguc  iht^  Ijueilli  are  found  in  tlie  local  lesions  of  1  he  lymphatic 
glandrt,  lh»*  bul»tM*3s ;  and  also  in  the  blooil  and  various  organs. 
Rats  arjd  mir-e  and  flies  frequently  die  during  epidemics,  and 
dc»ubtlef«H  helfi  U\  Miread  the  tlisease  by  infecting  the  soil  and  dust 
aliout  tlwelling?s.  Versin  showed  that  flies  die  of  the  disease,  and 
flucceeded  in  obtaining  the  bacillus  from  their  dead  bodies.     The 
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bacilli  require  nioigture,  absence  of  strong  light,  and  a  low  tem- 
perature lor  their  gmwth  anrj  Diultiplieatioii.  They  do  not  flour- 
ish in  water,  but  thrive  in  milk,  butter^  and  cheese,  and  these 
food-stuff*!  may  spread  the  ec^ntagion.  The  pneumonic  form  is 
usually  caused  by  inhalation  of  dust  that  has  not  dried  sufficiently 
long  to  destroy  the  bacteria,  but  is  not  neeessarily  due  to  inhala- 
tion of  the  ^erms  in  all  cases. 

Inm'uiation  iu  man  is  most  frequently  caused  by  injuries  of 
the  skin»  sui*li  as  scratch-marks,  etc*  Infection  may,  however, 
occur  through  tlie  hings. 

Pathologric  Anatomy, — The  organism  |>mdiices  swellings 
and  suppuniti^JU  of  lympliah'e  glands,  particularly  those  of  the 
groin  J  and  s^^eondarily  lesions  td'  internal  organs.  Tlie  lymphatic 
glands  swell  qui<'kly,  become  tender  and  congested^  and  tlien 
soften,  forming  a  rather  thick  pus.  This  is  sometimes  somewhat 
bhxKl-tinged.  Petechial  hemorrhages  and  lilood-stained  effusions 
into  the  scpjus  cavities  may  occur.  Petechiie  of  the  skin  are  apt 
to  develo]>  as  a  result  of  slight  traumatisms.  Thus  the  bite  of  an 
insect,  instead  of  prmincing  its  usual  results,  may  cause  distinct 
ecehyraoses  in  persons  suffering  from  tlie  disease.  A  form  of 
bronchopneumonia  occurs  in  a  consitleraldc  proportion  of  cases. 
This  mav  be  quite  independent  of  glandular  enlargements  exter- 
nally. In  these  the  priniar^^  infection  may  be  caused  by  the 
inhalation  of  dust.  A  *'  septicemic  form  ■  *  is  charaeteriKed  by 
general  infection  with  generalized  involvement  of  the  lymphatic 
glands,  but  without  distinct  l>uboes. 

Pathologic  Physioloiry.— It  seems  that  the  distribution  of 
the  bacillus  in  the  hloo<l,  as  well  us  toxic  substances,  contributes 
to  the  general  disturbanee  of  health.  By  euceessive  inoculation 
immunity  has  been  produced,  and  antitoxic  sera  have  thus  been 
obtidned.  The  senim  has  been  used  in  man  with  consideralde 
success  as  a  [>rotective  and  al&r.t  a  curative  agent.  It  often  fails 
in  advanced  cases. 

Haffkine  has  used  his  method  of  inoculation  as  in  cbolem  and 
obtained  encouraging  results. 


THRUSH, 

This  condition  occurs  in  new-born  infants  and  in  older  children 
or  adults  who  have  become  weakened  by  disease.  The  organism 
called  C/tdiam  alfjiraus  is  a  budding  fungus,  though  some  believe 
it  a  form  of  mould.  If  some  of  the  milk  deposits  on  the  mu- 
cous membrane  of  the  mouth  which  characterize  the  disease  be 
removed  and  examined  mierosco  pi  cully,  mycelia-th  reads  and 
conidia  are  observed.  Ttie  organism  may  he  cultivated  upon 
gelatin  plates,  in  the  fonu  of  whitish  colonies  on  the  surface,  or 
granules  with   radiating  processes  in   the  depth  of  the  medium. 
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On  potato  and  on  bread  it  forms  a  white  coating.  The  organism 
is  present  in  the  air  and  in  various  articles  of  food,  so  that  infec- 
tion readily  takes  place. 


PHARYNQOMYCOSIS  LEPTOTHRICIA. 

The  Leptothrix  buccalis  is  a  normal  inhabitant  of  the  mouth, 
and  occasionally  produces  a  pathologic  lesion  of  clinical  interest 
The  organism  probably  belongs  to  the  group  of  pleomorphic  bac- 
teria, though  its  exact  position  is  not  determined.  It  consists  of 
fine  threads,  of  wavy  or  spiral  character,  composed  of  rod-like 
segments.  Occasionally,  spore-like  bodies  are  found  at  the  free 
ends  of  the  filaments.  The  organism  sometimes  penetrates  and 
multiplies  in  the  crypts  of  the  pharynx,  causing  a  chalk-like 
nodule  or  deposit.  Secondary  inflammation  may  be  occasioned. 
(See  also  Diseases  of  the  Pharynx.) 


DISEASES  OF  UNCERTAIN  BACTERIOLOGY. 

SYPHILIS. 

Definition. — Syphilis  is  a  specific  contagious  disease  of  man, 
of  uncertain  etiology.  The  disease  has  never  been  observed  in 
any  of  the  lower  animals. 

Btiology. — The  attempts  to  find  a  specific  cause  of  this  dis- 
ease have  not  as  yet  met  with  definite  success.  The  organism 
which  until  very  recently  had  the  best  claim  to  recognition  is  that 
observed  by  Lustgarten.  This  resembles  the  tubercle-bacillus 
very  closfely.  It  is  3  to  7  /i  long,  and  often  somewhat  curved  and 
swollen  at  the  ends.  It  stains  with  difficulty,  and  a  complicated 
method  was  suggested  by  the  discoverer.  The  bacilli  are  found 
in  the  diseased  areas  in  small  numbers,  lying  within  the  cells  and 
partly  between  them.  It  has  also  been  claimed  that  they  occur  in 
the  blood.  The  organism  has  never  been  isolated  or  cultivated 
upon  artificial  media.  Furthermore,  it  is  difficult  to  distinguish 
this  supposed  specific  germ  from  other  bacilli,  notably  the  smegma- 
bacillus,  by  the  staining-niethods  suggested. 

Repeated  attempts  to  inoculate  animals  with  material  from 
syphilitic  sores,  with  syphilitic  blood,  etc.,  have,  until  recently, 
failed.  The  results  obtained  in  certain  monkeys  have  been  only 
suggestive. 

In  1905  Sehaudinn  discovered  an  organism  in  syphilitic  lesions 
which  he  named  Spirochccta  ])all!cJa,  Later  during  the  same  year 
and  with  the  co-operation  of  Hoffman  he  was  able  to  demonstrate 
the  organism  in  every  case  of  uncomplicated  syphilitic  disease 
examined  by  him.  The  spirochieta  is  described  by  Sehaudinn  (see 
Fig.  105)  as  an  extremely  delicate,  actively  motile,  faintly  refractile 
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spiral »  long,  thread-like  organism,  tapering  at  both  extremities  and 
terminating  in  pointed  ends.  It  propels  itselfj  during  life,  by  rotat- 
ing around  its  longitudinal  axis,  lir^t  in  one  direction  and  then  iu 
anotlier.  In  the  resting  states  undulating  movements  may  be 
observed  passing  along  tlie  length  of  the  organism,  suggestive  of 
an  undulating  membmne.  In  addition,  bending,  twisting,  twin- 
ing and  whipping  movements  of  the  whole  body  may  be  noticed. 
Tiie  organism  varies  from  4  fi  to  14  ft  in  lengthy  ranges  iu  thick- 
ness from  a  size  too  minute  fur  measurement  to  tl25  /t  m  the 
largest  specimens.  The  spirals  range  from  0  to  14  in  number  j 
they  are  regular,  narrow  and  deep,  corkscrew-like  and  appear 
constantly  so,  no  matter  whether  the  specimen  be  derived  from 
initial  lesions,  papules,  lymphatic  glands,  spleen,  et€,,  or  from  the 


from  a  sijeeiui^. 


.^Ttnth  miule  by  Dr.  IL  E,  iMfemon 
.1  by  lir.  U,  Fox. 


8clero«ies  of  apes.  By  means  of  lY(>ffler8  metbo<l  of  staining  flagella 
a  long  delicate  fiagellum  has  been  noted  at  each  end  of  the  organ - 
ism:  in  some  specinifos  two  flagella  at  cnie  end  were  seen,  giving 
the  appearance  of  an  attem|)t  at  lougitudiual  tlivision.  Novy 
could  find  no  evidence,  whatever,  of  lougittidinal  division.  Schau- 
dinn  has  failed  to  discover  any  signs  of  an  nndulating  membrane  or  a 
nucleus  in  tlie  stain^^d  specimens,  though  the  latter  has  been 
reported  by  Weehseluianu  and  Lo?wenthal  iu  specimens  examined 
with  the  aid  of  nn  ultramieroscope. 

The  Spiroehfeta  |rallida  has  been  fuund  in  the  initial  lesions,  the 
secondary  papules,  the  enlarged  lymphatic  glands,  the  mucous 
patehes,  etc.,  but  not  thus  far  in  the  lesions  of  tht^  tertiary  stage 
nor  in  patients  undergoing  active  treatment. 

Many  of  the  most  eonscrvative  anthorities  accept  this  as  the 
probable  cause  of  syphilis.  At  present  there  is  some  difficulty 
in  distinguishing  positively  between  the  Spiroohieta  fnillida  and 
some  common  non-pathogenic  lorms*     Tix>  much  weight  camiot 
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therefore  be  given  to  the  discovery  of  spiral  organisms  unless  the 
investigator  has  had  considerable  experience. 

Schaudinn  has  recently  maintained  that  the  spirochetes  are  ani- 
mal organisms  belonging  to  the  group  of  flagellates  and  has  pro- 
posed the  name  Tt-eponema  paUidum,  The  researches  of  Novy 
seem  to  be  conclusive  that  this  i§  not  the  case.  He  could  find  no 
evidence  of  an  undulating  membrane,  nucleus,  or  longitudinal 
division,  and  on  the  contrary  only  the  transverse  fission  charac- 
teristic of  bacteria. 

Whatever  the  nature  of  the  organism,  it  is  quite  certain  that 
the  disease  is  definitely  infective.  In  the  great  majority  of  cases 
infection  occurs  by  direct  inoculation  in  sexual  intercourse.  It 
may,  however,  be  conveyed  in  many  other  ways.  Physicians  are 
sometimes  infected  in  performing  surgical  o{>erations  or  in  exam- 
ining syphilitic  cases ;  persons  have  frequently  been  inoculated  in 
the  process  of  tattooing  or  vaccination  when  saliva  or  vaccine- 
lymph  from  diseased  indiWduals  was  employeil.  Infection  may 
be  caused  by  kissing,  or  indirectly  l)v  the  use  of  drinking-vessels 
which  have  been  employed  l)y  tlie  diseaseil.  The  new-lx>m  may 
be  syphilitic  in  consequence  of  disease  of  the  father  or  mother ;  and 
healthy  wet-nurses  may  be  infected  by  syphilitic  nurslings.  In 
addition  to  the  specific  cause,  surn)unding  conditions  and  individ- 
ual susceptibility  doubtless  play  a  part.  During  the  Middle  Ages 
this  disease  at  times  and  in  certain  places  almost  attaineil  the  char- 
acter of  a  universal  scourge.  Its  manifestations  were  severe,  its 
course  rapid,  and  in  ever\-  sense  its  nature  was  malignant.  Cases 
of  this  description  are  exceedingly  rare  at  the  present  day. 

Pathologic  Anatomy. — The  patholoiri^'  course*  of  this  dis- 
ease may  be  divide<l  into  three  stages  :  the  initial  stage^  the  secojid- 
arjf  staf/Cy  and  the  tertianj  staff*.  The  disease  may  al)ort  at  any 
stage,  hilt  such  an  occurrence  is  rare.  Not  infrequently,  especially 
in  women,  the  first  and  even  the  second  stage  as  well  may  be 
overlix>ked. 

Chancre. — In  the  initial  stage  there  is  forme<l  at  the  jx^int  of 
inoculation  a  primary-  lesion.  comm<»nly  ternuH.1  chancre.  This 
may  make  its  appearance  first  as  a  S4nuewluit  nxl  and  inflamed 
j)apule,  or  as  a  vesicle  which  ruptures  and  thus  pnxluces  an  ero- 
sion. When  it  In^gins  as  a  papule  the  surface  S4X>n  Ixvomes  enxleil, 
and  thus  a  superficial  ulceration  is  estal>lisluHl.  The  (Kvuliar  feat- 
ure of  this  lesion,  to  which  Hunter  calkil  |)articular  attention,  is 
its  hanlness  or  induration,  and  it  is  by  this  foatun^  largely  tliat  it 
is  distinguished  from  the  soft  chaucrt*  or  chancroid.  The  initial 
or  primary  lesion  may  remain  indolent  or  as  a  small  erosion  for  a 
long  time,  or  it  may  soon  cicatrize  and  leave  a  more  or  less  definite 
scar.  The  chancre  occurs  upon  the  glans  i)enis  or  prepuce,  or 
within  the  urethra  of  the  male  ;  and  in  the  vagina,  urethra,  or  upon 
the  cervix  uteri  and  external  genitalia  of  the  female.     Extrageni- 
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fal  eliaiifTt'8  may  be  observed  in  the  reetum  or  aiius»  oii  the  lipg 
or  tongue,  tonsils  or  pharynx,  the  tinger.s,  or  other  parts. 

Secondary  Leaions.— At  the  enil  of  a  \'aria}>le  |>eri(xl  (if  time 
after  the  eruption  of  the  initial  sore  seeoiidary  manitestationi?  of 
the  disease  make  tlietr  appearance.  The  liri>t  among  these,  as  a 
rnle,  are  swelling  and  induration  of  the  ncighlMU*iug:  lympliatic 
glands  (^yphUffk  bHbo).  loiter  the  snix^rfieial  lymjvh-glaiids  of 
the  entire  body  beeome  swollen  and,  like  those*  in  the  neif:!;libor' 
hood  of  the  legion,  indnnitc*(L  At  the  same  time  eruptions  n|»c>n 
the  skin  and  mucous  membranes  make  their  appearanee.  The 
inter\*al  between  the  primary  and  the  secondary  manifestations  ii=i 
variable.  Sometimes  it  is  but  a  lew  weeks  (three  or  fmir),  at  tether 
tinit*s  it  may  be  several  months.  The  manifi'stntions  of  the  sec- 
ondary sta^re  nmy  hv^'m  with  fever  ai>d  const itutinnal  sym(*toins, 
suggesting  sudden  and  reeent  infeetion,  and  at  the  sami*  time 
changes  in  the  blotxl  {rapid  reduction  of  red  cor|HiscIes,  UKnlerate 
leukL*cytos[s)  make  tlieir  appcamnee.  Among  the  iesion^  of  the 
skiv  various  forms  of  jiapnlr^s,  macides,  and  scaly  eruptions  are 
most  fretpieut  and  eharacteristic.  Tlie  lesions  are  usually  sym- 
metrically  arrangeil  on  the  two  sides  of  the  body  and  cause  but 
little  irritation.  The  color  of  the  skin  is  freqiieutly  said  t<»  l>e 
somewhat  coppery.  On  the  mucous  nieiuliranes  and  neigiil>oring 
skin  the  most  eharacteristic  lesion  of  this  stage  is  the  eonduioma 
laiunij  or  mucous  paieh.  Tliis  appears  as  a  somewhat  elevated 
patch  with  supertieial  erosion  or  idee  rat  inn.  Tlie  surface  has  a  ne- 
crotic appearance,  and  may  i^e  co\ereiI  with  more  or  less  secretion. 

Tertiary  Lesions. — ^Thesc  may  take  the  ft)rm  of  ordinary  in- 
Hammatory  ehaiiges  of  the  nuieous  membmne.s  or  of  otiier  parts, 
with  a  j>ronounced  tendency  to  fibrous-tissue  overgro^vth  and 
thickening,  or  of  definite  nodules — the  syphilitic  tpimmaUt,  or 
»^phUomfihu  Aniou.i^  the  *litt'iisc  syphilitic  changes  ui  the  tertiari^ 
Btiige  may  he  raid^cd  atheromat<»us  thickening  of  tlje  ijuima  of  the 
bhKKl-vessels,  certain  eliang(s  in  the  liver,  spleen,  kiibieys,  am! 
heart-muscle^  and  doubtless  also  similar  alterations  in  the  nervous 
system. 

The  localized  lesions  of  the  tertiary  stage — the  gnmmata — are 
most  frerpieut  in  the  iHines  (tibia,  sternum,  and  skull) ;  and  in  the 
internal  cprgtms,  such  a,s  the  liver,  lungs,  kidneys,  heart,  and  brain. 

The  gumma  pres(_iits  itsi'lf  as  a  nodular  mass,  varying  in  size 
from  small  tul>crch^like  fonuatinus  (miliary  gummata)  to  tumors 
the  rize  of  an  orange,  or  larger  (Fig.  106).  It  is  hard^  and  has 
frequently  an  elastic  character,  which  has  suggested  the  name 
gummy  tumor  or  gumma.  On  section  the  substance  is  frerpiently 
found  to  be  gelatinous  or  uuicoid  in  ap]ieanince  :  but  there  is 
nearly  always  eousideralde  induration,  either  peripheml,  in  the 
form  of  a  capsular  enclosure,  or  striate,  in  the  form  of"  bands 
extending  from  tlie  center  to  the  periphery  and  into  the  sur- 
rounding tissue.     Occasionally  gunuuata  soften  ver}'  rapidly  and 
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become  converted  more  or  less  completely  ioto  pun  form  eollectioo!!. 
When  8ituak*<l  in  the  mueons  membranes  or  adjacent  to  the  sur- 
faces of  the  body,  suppurative,  fatty  or  necrotic  ^^ftening  may 
lead  to  the  formation  of  superficial  ulcerations,  The.*ie  may  re- 
main indolent,  or  may  j^dually  become  cicatriatc*!.  Sometimes  a 
gummatous  lesion  disappears  entirely  by  absorption  without  leav- 
ing a  trace  of  its  existence. 

Histology* — In  syphilitic  processes  of  all  kinds  and  in  all  of 
the  stages  there  is  a  tendency  lo  accumulation  of  round  cells  and 
proliferation  of  connective-tissue  cells,  the  processes  being  first 
manifest  around  the  smaller  blood-vessels,  but  subsequently  ex- 
tending: to  other  parts  of  the  tissue.  The  waits  of  the  blood- 
vessels themselves  are  frequently  Lnvol\*ed,  and  thickening  of  the 
inner  or  of  all  the  coats  may  be  observed.  Complete  destruction  of 
the  vascular  channels  is  not  rartly  the  consequence.  Some  authors 
lo<.ate  the  earliest  changes  in  the  small  veins  and  lymphatics.    In  the 


Fi*».  10S.^Onnjiuiitji  of  the  llvtr, 

subsequent  course  of  the  disease  there  is  a  tendency  to  the  forma- 
tion of  distinct  cicatricial  connective  tissue*  giving  rise  to  intluratiKi 
scars  or  diffuse  sclen^sis ;  and  a  less  pn^noimced  ti-ndency  to  the 
(K_*currence  of  tlt'jyrpnerations,  mucoiil  and  tatty,  ctiusing  areas  of 
(lege  n  erati  v  e  sf  >  ft  en  i  n  g* 

Tlie  Chancre.^ — Tlie  initial  lesion  first;  presents  small  areas  of 
niund-cell  infiltration  in  the  deeper  layers  of  the  skin  or  mucous 
memViranc,  and  as  a  rule  in  the  neigh borhcwxl  of  the  b I o<id- vessels. 
The  connective  tissue  at  the  same  time  underg*x»s  prolifcmtive 
change,  antl  spindle-sluifx-d  cells  t»r  irregular  embryonal  connec- 
tive-tissue cells  are  found  mingled  with  the  round  lymphoid  celLs, 
or  surrounding  the  foci  of  the  latter*  Giant-cells  are  nirely 
present ♦  Thickening  of  the  blocKl- vessels  may  be  oliserved  in 
the  later  stages  or  frtmi  the  very  first.     The  tissue-elements  of 
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the  ekin  and  of  the  siihoutaneoiis  tissue  are  usually  separated  by 
iiifiltratiiig  lujukl,  and  tlie  latter  may  loosen  the  tissiues  of  the 
surfiiee  iinri  oauise  cxioliatiou  of  the  Fuperfieinl  qvitUrniis,  and  thus 
lead  to  tlie  develo|mient  ui'  the  prnnary  vt\siele  or  the  erosion  so 
coramonly  seen.  The  induration  of  the  ehanere  h  probahly  the 
result  €vf  the  selerosts  of  the  vessels  and  the  general  conneetive- 
tissue  hyperplasia,  as  well  as  in  part  due  to  the  tense  infiltration 
of  serous  liquid. 

The  Mucous  Patch.— The  condyloma  latum  in  very  mmilar  in 
strueture  to  the  initial  le.^iou.  There  ii^,  tirst»  round-eel  I  iutittrti- 
tion  of  the  deeper  layers  of  the  nineous  menil>rnue,  with  serous 
exudation  and  erosion  of  the  surfaee,  Tjuter,  there  is  a  tendency 
to  conneelive-tis.^ue  hyperplasia,  thcjug-h  this  is  less  marked  than 
in  the  ease  of  the  ehanere. 

The  Tertiary  Lesions, — The  j^umnia  is  composed  in  large  part 
of  round  cells  derived  from  the  blood-vessels  and  prolifei-ated 
coDDeetive-tissue  t*ells  having  a  spindle-shape  or  various  irreg- 
ular forms.     Epithelioid  eelk  are  less  abundant^  and  giant-cells, 


iiu.  ID^, — CiuMicDAtoiis  me[li^go-CIlcepllB1itl^  i/^rkiii  j 


though  occurring  at  times*  are  usually  few  in  number.  Plasma 
cells  may  be  abundant  in  syphilitic  lesions,  and  mast^cells  occur 
in  small  nnmbcrs.  The  IdorRl-vessels  are  nearly  always  nujre  or 
less  affected,  the  intinui  lieing  thickened  and  tiie  adventitia  being 
also  involved  to  a  variable  extent.  Periarterial  changes  are  very 
conspicuous.  There  is  some  new  formation  of  IiIockI- vessels,  the 
lesion  in  this  n^speet  ditfrring  frfmi  the  nodi  da  r  lesion  of  tuliereu- 
losis  ( Fig»  lt)7).  Secondary  changes  are  abunst  alwavs  seen  in 
gummata  of  consitlemble  dimensions.  Among  these  may  be  recog- 
nized a  gradual  necrotic  transformatitm  of  the  cells  in  the  center 
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of  the  lesioD,  with  distinct  fatty  degeneration  or  myxomatous 
change.  The  degenerated  tissue  may  be  infiltrated  by  leukocytes 
in  a  state  of  fair  preservation. 

In  the  diffuse  tertiary  lesions  of  syphilis  the  tissues  of  the 
affected  organ  are  indurated,  the  connective  tissue  showing  more 
or  less  pronounced  hyperplasia.  These  processes  cannot  he  cer- 
tainly distinguished  by  their  microscopic  or  general  features  from 
sclerosis  due  to  other  causes  unless  there  are  associated  miliary  or 
massive  gummata. 

Pathologic  Physiology. — Syphilis  is  one  of  the  most  per- 
sistent of  the  infectious  diseases,  and  occasions  widespread  changes 
that  are  doubtless  toxic  in  character.  The  nature  of  the  toxic 
principles,  however,  is  entirely  unknown.  In  the  tertiar>'  stage 
pronounced  anemia  (cachexia)  is  frequent ;  and  in  the  secondary 
stage  rapid  chloro-anemia  with  leukocytosis  is  quite  common. 

Congenital  Syphilis. 

Syphilitic  lesions  may  be  found  in  the  new-bom,  or  may 
develop  some  time  after  birth.  Not  rarely  they  occur  in  the  new- 
bom  fetus,  and  cause  its  premature  death.  Frequently  there  is 
maceration  of  the  fetus  prior  to  expulsion.  Among  the  lesions 
observed,  sclerotic  changes  in  the  lungs,  liver,  spleen,  jiancreas, 
and  other  organs  are  conspicuous ;  and  a  certain  condition  of  the 
bones  is  quite  characteristic.  The  latter  consists  of  a  hyperplasia 
of  connective  tissue  and  fatty  degeneration  at  the  junction  of  the 

epipnyses  of  the  long  bones  with  the 
snafts.  Various  superficial  lesions  of 
the  skin  in  the  form  of  vesicles  or 
bullse,  fissure,  and  the  like  may  be 
FiG.i08.-Hutchin8on'8teTth.        obscrved.     The   blood   may  present 

considerable  excess  in  the  number 
of  leukocytes.  An  almost  distinctive  condition  of  second  denti- 
tion is  that  known  as  Hutchinson's  teeth.  This  consists  of  a 
notched  indentation  of  the  cutting  surface  of  the  upper  central 
incisors.  In  addition,  the  teeth  are  often  wedge-shaped  and  peg- 
like (Fig.  108).  All  cases  of  inherited  syphilis  do  not  present  this 
condition,  and  it  occasionally  occurs  in  non-syphilitic  children. 

SOFT  CHANCRE. 

Definition. — The  soft  chancre  or  chancroid  is  an  infectious 
venereal  sore  appearing  upon  the  external  genitalia.  The  bacil- 
lus of  Ducrey  may  be  the  specific  organism. 

'SiWoXogy. — The  soft  chancre  occurs  almost  exclusively  upon 
the  genital  organs  or  the  surrounding  parts.  It  is  always  caused 
by  direct  contagion. 

The  bacillus  of  Ducrey  and  Unna  is  a  rod-shaped  organism 
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about  lv8  /I  ill  length  and  0.5  /i  in  tbicknGss,  iiml  appears  somewlmt 
cQinpressed  in  the  middle,  so  tiiat  it  hn^  a  Hgnru-of-H  shape.  The 
ends  are  raiinded  and  the  organisms  often  occur  in  ehains,  or  later 
in  the  disease  in  pairs  as  a  diplobacillus. 

The  demonstratian  of  the  haeillus  in  the  pns  is  comparatively 
easy.  The  .specimen  is  stained  witli  alkaline  solutions  of  niethyl- 
ene-blue  and  quickly  decolorized  with  ^veak  acetio-aeid  solntion. 
It  raay  be  well  stained  with  carbol-fuelisin,  aleoliol  being  nsed  to 
decolorize*     In  the  tissues  the  demonstration  is  more  diffieult* 

Growth  is  most  luxuriant  in  a  medinm  of  fresh  blood  and 
bouillon,  but  unmixed  liuman  blocMJ  is  the  best  medium  for  obtain- 
ing cultures  from  a  soiiree  open  to  contamination,  the  fresh  bh)od 
apparently  inhibiting  to  a  certain  extent  the  growth  of  extraneous 
organisms.  Cultures  on  ordinary  media  have  thus  far  been  unsuc- 
cessfnl. 

The  bacillus  is  fonml  in  the  pus  of  the  mA\  chancre,  as  well  as 
in  the  deeper  parts,  lying  between  the  cells  and  fre(picntly  witliin 
the  leukocytes.  It  has  also  been  discovered  tn  the  pus  and  walls 
of  ulcerating  bnboes,  but  is  genenilly  absent  in  the  pus  of  nn- 
opeued  buboes. 

Mired  Infection. — Various  other  organisms  have  been  found 
associated  with  the  bacillus,  inclntling  streptocncci,  staphylococci, 
tlit^  gonocnecos,  and   bacilli  nf  nncertain  nature. 

Pathologic  Anatomy- — Tiic  soft  chancre  is  an  ulcer  of 
variable  characten  Usually  it  is  a  simple  nicer,  with  suppurating 
base  and  edges,  not  4I iff e ring  from  n leers  due  to  other  causes. 
Sometimes  the  ulceration  seems  more  maiignant  and  takes  on  a 
phagedenic  or  seT|>igjnous  character  (sec  Uh'cration).  Tlie  neigh- 
boring lymphatic  glands  arc  nsually  enlarged  and  sometimes 
undergo  supjmrative  softening  (bubo). 

Pathologic  Physiology. — Little  is  known  of  the  existence 
of  special  tt»xic  Ijovlies  in  this  disease.  It  is  believed,  however, 
by  some  that  toxins  are  produced  by  the  bacilli,  and  that  these  are 
capable  of  producing  secondary  lesions  (bul*o)  without  the  presence 
of  tlie  bacilli  themselves. 


YELLOW  FEVER. 

BefiBition* — Yellow  fever,  or  typhus  icteroides,  is  now  recog- 
nized as  infectious  autl  tmnsmissible  through  the  bite  of  a  certain 
form  of  mosquito,  the  Slcf/omififf  Juseia.  The  specific  organism 
lias  not  been  iileu titled. 

Etiology, ^ — The  Baciii*u^  icieroiden^  discovered  iu  1897  by 
Sanarelli,  seems,  iu  the  light  of  the  recent  work  of  Reed,  to  be  a 
secondary  invader,  an<l  n<U  the  cause  of  yellow  fever.     It  is  not 

f>resi'nt  in  all  cases.     This  is  a  small  bacillus,  from  2  to  4  ft  in 
engtii,  with  rounded  extremities.     It  is  frequtmtly  united  iu  pairs, 
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and  is  actively  motile,  the  motility  being  due  to  from  four  to  ei^ht 
lateral  flagella.  The  organism  is  pleomorphous.  It  is  readily 
stained  by  the  ordinary  anilin  dyes,  but  is  decolorized  by  Gram's 
method.  Reed  regards  it  as  a  near  relation  of  the  hog-cholera 
bacillus. 

Cultivation. — Sanarelli  succeeded  in  obtaining  cultures  upon 
the  ordinary  media,  but  the  growth  on  the  surface  of  agar  is  most 
distinctive.  When  incubated  for  twelve  hours  at  37°  C.  (98.6°  F.) 
and  then  allowed  to  develop  further  at  lower  temperatures  there 
will  be  found,  first,  semitrausparent  rounded  colonies,  and,  later, 
enlargement  of  these  with  the  formation  of  a  thick  white  border, 
giving  the  appearance  of  a  drop  of  sealing-w^ax.  The  character- 
istic growth  is  thus  obtained  in  twenty-four  hours. 

Distribntion. — Sanarelli  found  the  bacillus  in  the  various  organs 
as  well  as  in  the  blood.  He  succeeded  in  obtaining  cultures  in  58 
per  cent,  of  the  cases  studied.  Failure  in  a  large  proportion  of 
cases  he  attributed  to  the  small  number  of  bacilli  present. 

Pathogenicity. — The  pathogenic  rdle  of  this  organism  is  not 
proven.  The  discoverer  succeeded  in  producing  in  animals  lesions 
and  symptoms  very  analogous  to  those  of  the  human  disease.  The 
dog  responded  most  satisfactorily.  Injected  into  the  veins  of  a  dog 
there  is  active  cmesis,  tlien  hemorrhages  throughout  the  body,  and 
finally  extensive  fatty  degeneration  of  the  liver  and  kidneys.  In 
one  case  extreme  jaundice  developed.  Blood-serum  of  patients 
suffering  with  yellow  fever  causes  agglutination  of  the  bacillus  of 
Sanarelli,  according  to  some  observers,  but  Reed  states  that  such 
agglutination  is  practically  Manting,  while  hog-cholera  serum 
causes  more  marked  agglutination. 

Other  Micro-organimuM, — Previous  to  Sanarelli's  work  a  great 
variety  of  orgjinisnis  had  been  described.  Among  others  a  bacil- 
lus by  Richardson,  a  micrococcus  by  Finlay  and  Delgado,  a 
bacillus  by  (Jibier,  and  other  orgjmisnis  by  Freire  and  Carmona 
and  by  StiTiiberg.  None  of  these  orgjinisins  appears  to  have  im- 
portance*, or  to  be  i\w  sjune  as  that  discovered  by  Sanarelli.  The 
orgimisms  isolated  by  Ilavelberg  about  the  sjime  time  as  Sanarelli's 
a|)iM'jir  to  be  of  no  iin|M)rtance. 

The  Hole  of  Motifjultoo*, — Recent  exjx^riments  of  Reed,  Car- 
roll, and  Agnunont<'  have  elemonstrated  the  inijH)rtance  of  mos- 
quitoes art  agents  in  the  transmission  of  the  dis(»ase.  It  has  been 
(Icfinitcly  proved  by  Reed  and  his  asso<*iates  tliat  a  special  form  of 
mosfjuito,  the  Sfrf/fnnffif/f(iMri(tf(t,  carries  the  contagion  from  one  per- 
son to  another.  The  germ  must  pass  a  certain  incubation  period 
in  the  body  of  the  m(H(jnitc>,  as  the  bite  of  the  latter  is  not  found 
to  cjuis(»  infe(;tion  until  after  an  interval  of  twelve  days  or  more 
from  the  time  it  has  fed  on  the  yellow-fever  patient.  A  bite  at 
an  earlier  period  after  i'ontaniination  did  not  confer  immunity 
against  a  rtubw(|Uent  attack  of  the  disease.     Experiments  were  con- 
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ducted  directly  in  non-immimc  volunteers,  and  the  transmi^silviiity 
of  the  dist^asc  was  positively  proved.  The  iucidiiition  period  of  the 
disease^  the  time  elapsing  from  th<'  time  of  tlie  mos(|uito'.s  bite  up  to 
thi'  first  deHuite  symjitoms,  varied  from  ft>rtyHine  hours  to  five  days 
and  (?eveutL"i'n  liuuns.  jMo.^tjuitue^  that  had  fed  on  yellow-fever 
paticmts  were  ciipalilf  of  trausniittiug  t!ie  disease  for  many  days  after 
their  reception  of  ihr  iufceted  hlood.  The  resnlts  of  the  practical 
nteasures  of  cpiarantine  instituted  at  Havana  in  accordance  with 
Keed*s  work — tlestruction  of  alt  nios(|nitoes  and  careful  exclusion  of 
mosquitoes  fnuu  tlie  patients,  with  entirt*  disrcgtinl  ot* clothing,  bed- 
ding, etc, — show  that  the  disease  is  not  directly  contagious.  Nou- 
imnrune  nurses  attend  yellow-fever  patients  with  impmdty.  The 
mosquito  alone  seems  the  carrier  of  contagion*  Tlie  ilisease  can 
also  be  transmitted  ex|KU'i]ucntally  hy  suhcntaneons  iujections  of 
blood  taken  from  ]iutients  in  the  tint  and  second  days  of  tlie  dis- 
ease^ which  proves  the  presence  of  the  juirasite  iu  the  l»h>od  at 
least  in  the  earlier  stages  iA*  tlie  disease.  Tlie  passage  of  tlie  |iara- 
eite  through  an  intermediary  host  is  therefore  not  essential,  In 
this  respeet  yellow  fever  resembles  malaria. 

Pathologic  Anatomy. — The  Icsiruis  of  this  disease  are 
nuiiuly  those  of  the  inierua!  org:*us — liver  and  kiihieys.  In  tlic 
liver  extensive  fatty  degt  neration  h^ads  t^>  some  swelling  and  light 
color  of  the  organ,  and  on  seetiiUi  tliere  may  be  mottied  appear- 
ance due  to  the  a  kern  at  ion  of  healthy  and  fatty  areas.  In  tlu; 
kidneys  degenerative  changes  of  the  pa  rend  ly  ma  aud  extravasation 
of  bf*M>d  are  associated  in  varying  pn>portions.  The  aj>[>eaninee 
may  be  that  of  an  acute  hemnrrliagic  nephritis,  or  more  particn- 
larly  that  of  degenerative  nephritis.  Hemorriiages  iu  the  nmeons 
and  sfsruus  surfaees  are  frequent,  particularly  extrava.sation  of  the 
mucosii  of  the  stomach. 

Pathologic  Physiology* — The  organism  of  yellow  fever 
probably  prmluces  abtmdant  tuxiu.  Smiarelli  has  claimed  that 
antitoxic  serum  is  obtainable  from  immuni;eed  animals. 


MEASLES, 

Measles,  or  rnbeola,  is  an  jufectirms  aud  contagious  disease  in 
all  proliabitity  due  to  souic  nd<vro-org:tuisru,  A  uuniber  of  mitTo- 
organisnis  have  been  discovered.  Several  observers  (Canon  and 
Pielicke,  Czajkewski)  have  foiuid  a  bacillus  somewhat  resemldiug 
that  of  influenza  ;  <ithei>  have  hiimd  bacilli  rcsendiling  the  psendt»- 
diphtlieria  ba(*ilhi>-,  but  the  liacteriology  is  still  unsettled,  ]>oelde 
di^seril)ed  a  protozoan  orgmusm  uf^cnrring  iu  the  bloml,  Hektoen 
lias  inoculated  he.'althy  persons  with  the  blood  from  cases  of  measles 
and  lias  denionstrated  the  trjiiismissibility. 

Mild  catarrhal  inflamniatious  of  the  faneial,  nasal,  and  con- 
junctival meuibnines  and  of  the  l>rouchial  mucosa  are  customary 
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lesions.  With  these  conditions  is  asscKiiatetl  some  oongestive  ujul 
iiiflammjitorv  tnlarij^ement  of  tlie  re^notial  lyniphatit'  g:iands.  In 
severe  frascs  pseu<h>iiiembninon8  inii;unniatiuiis  uf  the  thruat  are 
sonn'tiiMcs  met  witl^,  aiul  1>ronehotmeiiiiiunia  ami  pareneliv  matons 
nepliritis  are  iKrasional  compiieatiinis*  TJie  eni()tioiJ  at*  tht*  skin 
is  tlie  visible  evidenee  of  a  nnn^lemtt^  dermal  am!  t-nhdennal  in- 
flammation, Foeal  neerojaes  of  the  liver  have  been  dea-rilieih 
Many  of  the  lesions  are  doubtless  caiiHcd  by  ^eondary  infections. 

SCARLET  FEVER. 

Scarlet  fever,  or  scarlatina,  is  an  infections  and  contagious 
disease  probably  due  to  a  niicro-org-anisni.  A  variety  uf  organ- 
isms Imve  been  discovered  in  cases  of  H?arlet  fever,  but  none  as 
yet  hii^  proved  to  be  Bpecifie.  Among  other  bacteria  the  pyo* 
genie  mieroeocei  ( streptococci)  have  been  regarded  as  etiologic 
agents.  This,  liowever,  is  by  no  means  established.  Protozoan 
organisms  liave  also  been  descril>ed  (Doehle),  Mallory  has  recently 
desiTibed  under  the  Jiame  uf  Cyela^teriun  searlatiiiale  structures 
which  present  the  apjiearance  of  proto/xm*  These  will  be  discussed 
under  the  liead  of  Aninud  Parasites. 

Lesions  of  the  inueons  nicnxbranes  and  glands  similar  to  those 
of  measles,  but  usually  more  intense,  are  generjilly  ju^esent.  8ujv 
punitiun  of  the  glands  of  the  neck  is  a  possible  termimition,  and 
severe  inflammations  of  the  throat,  middle  ear,  larynx,  arid  trachea, 
Avith  endoeanlitis  iir  jiericarditis,  are  much  nuire  frcipient  tlmn  in 
measles.  Many  of  these  complicating  eomlitions  are  caused  by 
secondary  infection  with  tlie  Streptococcus  })yogenes.  Dijihtheria 
(as  t*ontnisted  with  streptococcic  lesions  of  the  thn>at  presenting  a 
similar  appearance)  is  not  rare  as  a  complication.  Pareuchy* 
ma  tons  nephritis  is  a  lesion  of  great  clinical  interest,  while  local 
necroses  of  various  organs  are  observed  in  fatal  cases. 

MUMPS* 

The  bacteriology  of  mumps  is  uncertain.  Charrin  and  Capitan 
isiilated  a  numljcr  of  organisms,  mainly  mieroeocei  and  motile 
iiaeilli.  A  number  of  other  authors  subsequently  ol>tained  simi- 
larly indeiiuite  results.  Laveran  and  C'atrin  in  1893  found  a 
diploeoccus. 

The  pathology  of  mumps  is  that  of  an  acute  inHammation  of 
the  pnroti^l  or  submaxillary  gland.  This  rarely  terminates  in 
Buppuration  or  on  recovery  in  induration  of  the  gland. 


WMOOPINQ-COUOH. 


Wollstein  has  found    bacilli  differing  slightly  from  those  of 
»enza  iu  practically  all  cases  of  wdiooping-eough  examiued  in 
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the  early  stages.  Tlie  stvriiin  from  cases  of  whooping-eoiigh  agglu- 
tinates this  bacillus  in  dihitious  up  to  1  :  200  and  does  not  agglu- 
tinate intiuenza  bai'ilH. 

A  short  baeilhw  was  di.seoveivd  in  the  expertoratiou  of  jiertu?^- 
sis  by  Afanassiew  iu  1887,  He  iiijrcted  cidtures  t>f  this  iiit<i  tl»e 
tracliea  and  lungjs  of  dogs,  and  fonutl  that  the  uniiiuds  Ijeeanie  ill 
and  Jied^  after  presenting  convulsive  eoiigh  with  bronchitis  similar 
to  that  of  whooping-eoiigh.  Wendt  ennfirnied  these  results;  but 
Ritfer  found  a  dipioeoecus  in  his  easels,  antt  (_  olui  and  Neumann 
found  small  eocet,  often  arrungud  \\s  di|dtK'ocei  or  more  rarulv  as 
short  chains.  Czjijilewski  and  Hensi-l  ilosrrilie  a  bacillus  resem- 
bling the  xerosis  bacillus,  and  l)elieve  tliat  the  oi-gauisms  of 
Cohn  and  Xenmanu  were  identical  with  theirs.  Others  have  dis- 
covered organisms  similar  to  the  ordinary  pyogenic  niicrcKNwci ; 
and  some  have  described  jn'oto/i>a  in  the  blood. 

The  lesions  of  a  persistent  bronchitis  are  ji resent,  but  are  ni>t 
eharaeteristic.  r)eci<led  relative  excess  of  lymphocytes  is  a  valu- 
able diagnostic  peculiarity  of  the  blood. 

VARIOLA   AND  VACCINIA. 

The  etiology  and  other  features  will  be  discussed  in  the  section 
on  Animal  Parasites. 

TYPHUS  FEVER, 

A  number  of  raieri>-organisms  have  been  discovered  in  this 
disease,  hicluding  strepto-baeilli  (Hlava),  small  trranular  bodies 
growing  to  thrc^aild ike  organisms  (Thoi not  and  Calmette;  Lewa- 
scheff ),  diplococei  (Dubief  liuiI  Brfdil),  Lewasehetf'  has  more 
recently  concluded  from  a  study  of  158  cases  that  tlie  microcoeei 
of  Duldef  and  Bridd,  whicli  have  also  been  descrilxnl  by  others, 
are  the   itnp<»rtant   agents,   and   proposes   the   name   Mierocoecm 

The  lesions  of  typhus  fever  suggest  an  intense  infection  and 
intoxication.  The  blood  is  often  dark -colored  and  rapidly  put  ri- 
fles. Various  orgtins  sucli  as  the  liver,  kidneys  ami  beai*t  sliow 
pronounced  f-Ioudy  swellint,^  or  fatty  degeneration  of  tlie  cells. 
The  spleen  is  notably  enlarged,  often  fpute  soft  an<l  may  present 
infarctions  due  to  tbrombus  formation. 

Inflammations  of  the  mucous  membranes,  especially  bronchitis, 
pliaryngitis  and  laryngitis,  are  common  and  pneumonia  is  a  fre- 
tjuent  result, 

RABIES.  , 

Etiology. — We  have  every  reason  to  believe  that  rahie:^  is  due  to  a 
upeciiie  germ.  In  1903  Neg^ri  described  ao  orgranism  which  bus  received 
considerable  reco^Dition  a?*  the  probable  !>ipecific  cause  of  the  di.seajie.  The 
**  Negri  bodies  "  tave  been  found  iu  tbe  large  nerve  cells  of  the  central 
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nervous  system,  especially  in  the  cornua  Ammonis,  in  various  animals  and 
human  beings  affected  with  rabies.  They  are  absent  in  other  conditions. 
In  early  stages  of  the  disease  the  bodies  are  sparsely  present  and  are  exceed- 
ingly minute  structureless  spherules  lying  in  the  protoplasm  of  the  nerve 
cells.  Later  the  bodies  increase  in  numoer  and  size  and  contain  one  or 
more  darkly  staining  granules.  Stained  by  the  Nocht-Romanowsky  method 
the  bodies  are  robin-egg  blue,  the  granules  darker  in  color.  The  investi- 
gations thus  far  published  seem  to  establish  as  probable  that  these  bodies 
are  protozoa,  that  they  are  of  extreme  diagnostic  importance  on  account  of 
their  absence  in  all  other  conditions  than  rabies  and  their  easy  demon- 
stration, and  that  they  are  the  specific  cause  of  the  disea.se. 

Virus, — In  rabic  animals  the  virus  is  found  principally  in  the  saliva  and 
in  the  central  nervous  system.  It  is  occasionally  known  to  pass  into  other 
organs,  such  as  the  lacrimal  gland  and  the  pancreas.  It  is  never  found  in 
the  blood  or  in  the  liver,  spleen,  kidney,  or  the  muscle- tissues.  The  con- 
tents of  the  stomach  may  contain  it,  owing  to  the  swallowing  of  the  saliva. 
It  affects  principally  the  central  nervous  system,  and  is  found  in  the  most 
concentrated  form  in  the  medulla  oblongata.  The  virus  may  be  present  in 
the  saliva  for  at  least  three  days  before  the  animal  shows  any  symptoms  of 
madness,  and  it  may  be  present  eight  days  before  any  symptoms  appear. 
It  may  be  present  in  the  central  nervous  system  two  days  before  the  appear- 
ance of  any  symptoms.  The  symptoms  do  not  show  themselves  until  the 
poison  or  virus  has  remained  in  the  nervous  tissue  long  enough  to  produce 
structural  and  functional  change.  After  it  is  introduced  into  the  body  it 
undoubtedly  "  multiplies  itself"  during  the  period  of  incubation.  It  is  a 
"  solid  body,"  as  it  may  be  removed  from  the  saliva  by  filtration  through 
porcelain.  The  virus  penetrates  to  the  nervous  system  by  following  the 
nerve- trunks  from  the  site  of  injury  to  the  spinal  cord.  *  This  has  been 
proved  by  comparison  of  portions  of  the  cord  and  of  the  nerves  at  varying 
periods  after  inoculation.  The  virus  is  destroyed  by  drying  and  by  the 
action  of  light. 

The  loss  of  virulence  by  drying  is  gradual  and  regular ;  hence  this  is 
taken  advantage  of  for  the  production  of  **  vaccine."  The  virus  is  com- 
pletely destroyed  at  a  temperature  of  50®  C.  (122®  F.)  in  one  hour.  It 
remains  uninjured  by  exposure  to  extremes  of  cold — 10°  or  20®  below  zero. 

The  Danger  from  Bites. — The  richer  the  nerve-supplv,  the  greater  the 
danger,  and  punctured  wounds  are  more  dangerous  than  lacerated  wounds. 
The  wolf,  the  cat,  and  the  dog,  in  the  order  named,  are  the  most  dangerous 
animals. 

Perixxl  of  Incubation. — Man,  forty  days ;  rats,  fourteen  to  twenty-eight 
days;  dogs,  twenty-one  to  forty  days.  Other  animals  vary  from  fourteen 
to  fifty-six  days. 

The  Season.— ^lore  frequent  during  the  period  from  April  to  September 
than  any  other  part  of  the  year. 

Preventive  Inoculation. — Pasteur  devised  a  method  of  treatment  which 
consists  essentially  in  successive  inoculations  with  emulsions  of  spinal  cords 
of  increasing  virulence.  The  virulence  of  the  matcJial  used  for  the  first 
inoculations  is  decreased  by  drying  the  cords  for  varying  periods  and  the 
injections  are  begun  with  the  older  cords  and  continui?d  with  increasingly 
virulent  material. 

Pseudohydrophobia  or  Lyssophobia.— This  is  simply  a  condition  of 
fright,  and  tlie  patients  invariably  recover. 

Pathology. — Gross  Appearances  in  Organs. — There  is  no  gross  lesion 
that  can  be  considered  specific  of  the  disease.  The  cadavers  are  apt  to  be 
emaciated  and  to  become  putrid  rapidly.  The  blood  is  usually  dark  and 
thick.  The  brain  and  the  membranes  may  be  congested,  and  may  even 
show  slight  hemorrhages.  The  gastro- intestinal  tract  and  the  respiratory 
tract  may  be  congested  and  also  show  slight  hemorrhages.    Perhaps  tho 
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_^__ji^fcant  feature  h  the  prci^eiice  f>f  foreign  bodies,  surh  as  wood,  straw. 
SflrT^S^  in  the  stoniach.  This  condition  i»  fouad  iu  about  DO  per  cent,  of 
all  aiMn. 

Microscopic  Appearance. -^There  is  nothing  diHtinctive  outside  of  tlie 
nervous  e^yslem.  Chiinges  are  found  in  the  ganglia  of  the  cerebrospinal  and 
sympiithetie  systems,  and  are  especially  marked  in  the  plexifurin  ganglion 
of  the  j)rieum<i«j^iiHtrie  nerve  and  in  the  Gasserian  ganglion.  Normally, 
these  ganglia  are  eoniposied  of  supporting  tissue  holding  in  it^  nieshen  the 
nerve-cells.  These  nerve-eel Ib  are  surrounded  hy  an  endothelial  layer  and 
capsule.  The  rabic  vinii*  brings  aV>out  an  abundant  multiplication  of  the 
celb  lining  ihi^  capsule,  leading  finally  to  the  deJiiruetion  of  the  normal 
ganglion,  and  leaving  in  its  place  a  collection  of  nmnd-cells.  All  ganglion 
cells  are  not  ni ark edly  changed  ;  some  are  slightly  or  not  at  all  clianged; 
others  are  entirely  de-'?troyed*  These  changes  are  particularly  marked  in 
the  dog,  leKH  so  in  man,  and  «till  less  so  in  the  rabbit.  The  ganglion  of  the 
pneuniogastric  nerve  h  the  one  generally  chosen  for  examination^  and  it 
fthould  he  removed  immediately  alter  death  and  placed  in  absolnte  alcohol 
or  in  formalin  solution.  i 


PROTEUS   INFECTION. 

The  Badllua  proteiis  vuli^nru  and  its  several  sub- varieties  occur  in  decom- 
posing animal  matter  and  iti  it^sociation  with  necrotic  and  gangrenous  pro- 
cesses in  the  living  body.  The  organism  ia  a  small,  motile  bacillus,  occur* 
ing  in  pairs  and  leas  often  in  ciiain  formations.  It  is  abundantly  sup- 
plied with  llagella. 

Cultivation  and  Demonstration.— The  organism  grows  very  well  at 
ordinary  temperatures,  and  forms  characteristic  growths  on  gelatin  plates. 
At  first  yellowish  colonies  with  outgrowths  are  formed  ;  the  gelatin  lique- 
fies, and  the  outgrowths  move  about  in  a  tortuous  manner  and  oecome  sepa- 
Tated  from  the  original  growtlu  Peculiar  figures  are  formed,  and  the  term 
Bneilliui  fi^uram  hva  lieen  applied.  The  cultures  have  a  putrid  odor.  The 
oreani^^m  is  readily  stained  with  ordinary  solutions  like  carbol-fuehsin. 

Pathogenicity.— Injected  intravenouftly  in  animals,  hemorrhagic  vomit- 
ing and  diarrhea  result.     In  man  the  bacillua  haa  been  found  associated 


with  pblegnionouri  inflammations,  gangrenckus  processes,  cystitis,  pyelitis, 
and  in  infectious  icterus  (Weil's  disease). 


THE  HEMORRHAQie  DrSEASES. 


W  The  Ijeninrrlmsfit^  diseust's  ennstittite  a  group  r>f  affections  of 

I        probably  quit*^   divergent  cdiararter\  whieh,  however,  are   similar 
I        in  pn^eotiiig:  hetiiorrhiJifos  m  atn!  f'rutji  the  mueoii>;  nienibrnne?^.  in 
ft        the  skin,  serotis  surfaces,  and  in  the  deeper  tissues  or  organs. 
■  The  general  causes  of  hemorrhage  nuist  be  eonsiden'd  in  eon- 

"  Tieetion  Avitli  these  diseases.  Among  the  causes  capable  of  pro- 
diictng  hemorrhages  stich  as  iK'eur  iu  the  heniorriiagie  diseases  are 
mecbantpfti  rmifJition^,  as  iitlicronia  or  other  diseases  of  the  walU 
of  the  lih Hjd- vessels ;  /or/r  coj^f////oii>*,  such  as  poisoning  l»y  the 
venom  nf  nnijiials  and  hy  various  hto(Kl-|)i)isons,  and  proimldy 
obseiu'e  poisons  j>rodueed  in  the  course  of  anemic  or  other  dis- 
eases ;  iufectioiis  contiifiom^  such  as  occur  in  hemorrhagic  variola, 
pearlatina,  etc.  ;  and  ?>^Troiw  crrndtttoiiit,  as  are  ilhistratcd  in  the 
hemorrhages  following  injuries  to  the  l>raiu  arid  those  aeeonipany- 
ing  certain  states  of  eerebral  excitation. 

21 
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Clinically  the  hemorrhagic  diseases  or  purpuras  may  be  classi- 
fies! ai$  primary  and  secandaryy  the  former  occurring  without  any 
definite  preceding  disease ;  the  latter  being  symptomatic  of  various 
disorders.  Among  the  primary  there  are:  (1)  infectious  formSy 
including,  with  more  or  less  probability,  purpura,  scurvy,  and 
various  forms  of  cryptogenetic  sepsis ;  (2)  toxic  formsy  as  those  due 
to  drugs  and  venom  of  animals ;  (3)  mechanical  formSy  as  hemo- 
philia. Among  the  secondary  purpuras  are  :  (1)  infectious  formSy 
as  scarlatina,  variola,  and  the  like ;  (2)  mechanical  formSy  as  those 
due  to  cardiac  and  arterial  diseases,  or  embolism ;  (3)  toxic  formSy 
as   those   resulting  from   intestinal   auto-intoxications,  jaundice, 

Eernicious  anemia,  etc. ;  and  (4)  nervous  formsy  as  those  due  to 
ysteria,  diseases  of  the  brain,  etc. 
The  infectious  purpuras  interest  us  particularly  in  the  present 
place.  Various  micro-organisms  have  been  found  in  diflTerent 
forms  of  hemorrhagic  disease.  Kolb  described  a  bacillus  patho- 
genic for  animals,  which  occurred  in  five  cases  of  hemorrhagic 
Curpura.  Babes  and  Oprescu  isolated  a  bacillus  from  one  case  of 
eraorrhagic  septicemia,  and  others  have  found  various  micrococci, 
especially  the  streptococcus.  It  is  not  unlikely  that  many  of  the 
micro-organisms  may  assume  a  peculiar  virulence  and  acquire  the 
{X)wer  to  produce  hemorrhages  under  certain  circumstances. 

The  plague  bacillus  and  the  Bacillus  icteroides  or  hog-cholera 
bacillus  are  closely  allied  in  their  pathogenicity  to  the  group  of 
organisms  here  under  consideration. 

Some  recent  investigations  seem  to  indicate  that  scurvy  is  a 
toxemia  due  to  i)oisons  generated  in  preserved  meat-foods  as  a 
result  of  autolysis.  In  scurvy,  however,  several  micro-organisms 
have  been  describcKl,  but  the  one*  whicli  has  the  best  claim  for 
consideration  is  that  discovered  by  Ribes,  a  delicate  bacillus 
iKvurriii^  in  the  gums.  Streptococci  were  found  in  association 
with  it.  Some  Japanese  investigators  have  recently  claimed  to 
have  discovered  a  six^cific  bacillus  in  tlie  blood  and  viscera, 
agglutiiiable  to  the  serum  of  scorbutic  patients.  Present  indica- 
tions, however,  do  not  very  strongly  substantiate  the  probability 
of  a  bacterial  cause  for  this  disease. 

RHEUMATISM. 

Definition. — Acute  articular  rheumatism  is  probably  an  in- 
fectious condition  ;  the  nature  of  the  infectious  agent,  however,  is 
umn^rtain. 

Etiology. — ^The  manifestations  of  rheumatism  agree  very  well 
with  those  of  infectious  diseases,  and  some  of  the  lesions  frequently 
^complicating  the  disease,  such  as  endocarditis,  are  invariably  in- 
fective. The  relationship  between  tonsillitis  and  rheumatism  has 
been  explained  by  some  as  that  between  primary  and  secondary  dis- 
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orJen  It  is  supposoil  tlmt  the  infectious  agents  effect  an  entrance 
into  the  budy  throii^li  the  toiisik,  oausin*i  priraan^  tonsillitis  and 
secoiitiary  general  inleetion,  with  looatization  in  the  joint.^.  In 
other  cases  it  has  been  hehl  that  the  organisms  enter  through 
al>rasious  of  the  skin  or  in  other  way^. 

Gottniann,  one  of  the  first  to  maintain  the  infeetipus  origin ^ 
describecl  a  StanhvloctK-eus  nvoetenes  flavus  diseovered  in  one  of 

this  cases.  Siddi  fonnd  an  i»rg;inism  whieh  he  elassifird  as  Staphylo- 
coecus  pyogenes  eitrens.  He  enmieiated  the  theory  tijat  rheuma- 
tism represents  a  fnrni  of  stapliy!oec»ceie  infection,  the  organisms, 
however,  being  of  a  low  |tTitide  i\i  virulence.  They  are  not  found 
abundantly  in  tlie  exurlations  in  the  joints,  as  they  remain  fixed  in 
the  synnvia!  tissues.  Hence,  they  are  difficult  of  discovery. 
Other  organisms,  including  various  forms  of  bat^illi,  liave  been 
descrihied. 

I/4'ydeii  and  others  have  described  a  streptncnccus,  and  it  lias 
been  shown  that  this  orgjiuism  is  capable  of  producing  arthritis, 
etidocarditis,  and  in  pericarditis  in  experimental  animals,     A  eon- 

,  fiiderable  jumiber  of  n-cent  investigators  have  isolated  a  micro- 
coccus or  strept<K"occus  tVrvm  cases  ttf  rheuumti^io  and  have  suc- 
ceeded in  producing  joint  lesions,  endocarditis  and  pericarditis  in 
animals  inoculated  with  it.  (Jtliers,  liowever,  have  jiroduced 
similar  lesions  with  streptococci  from  other  sources. 

Achalmc  described  a  bacillus  wdiich  he  and  others  found  in 
a  numljcr  of  cases  of  acute  articiUnr  rheumatism.  It  is  a 
large  bacillus  rest  nibling  that  t»f  anthrax  ;  sometimes  it  is  motile  ; 
it  stains  well  with  anilin  <lyes  and  with  (iramV  stain;  may  liave 
a  capsule  ;  and  fi»rnis  jiolar  spores  mucli  hirgcr  than  the  baciUus. 
This  organism  is  obligate-anacrol>ic,  growing  l>cst  in  liquid  media, 
in  whicli  it  forms  smal!  bubbles  of  g-as.  The  organism  is  closely 
allied  to  or  identical  with  Welcirs  Bacillus  aerogencs,  Thioroloix 
claims  to  have  produced  tyjiical  symptoms  in  the  rahlut ;  and  the 
inocu  hit  ion -experiments  i>f  others  have  given  suggestive  results. 
This  bacillus  was  obtained  from  tlie  blood  in  a  number  of  cases; 
and  from  the  [XTicardital  Huid  and  blood  in  a  state  of  purity  in  one 
case.  The  organisms  liave  been  fount]  in  sections  of  the  heart- 
nuiscle  and  valves. 

The  tact  that  i»nc  (organism  <tr  anr»tlier  produces  iuflamniatury 

'lesions  in  the  joints,  emhtetmlium,  fir  perieanlium  of  animals  when 
iujccteti  intravenouslv  docs  not  prove  a  specific  relation  of  the 
organism  to  rheumatism.  Doubtless  various  organisms  are  capable 
of  prcKlticing  such  lesions  anil  it  is  not  iruprohaljle  that  the  clinical 
disease  rheumatism  may  include  a  variety  of  infections, 

[For  the  iKiihologic  anatomy  of  rheumatism,  see  Diseases  of 
the  Joints,] 
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MALTA  FEVER. 

Sjnumyms. — Meditemnean  Fever ;  Gibraltar  Fever ;  Febris 

Undalans. 

Defini^ioil. — ^Thb  disease  has  been  described  as  a  form  of 
irregular  fever  occarring  along  the  Mediterranean  coastSw  It 
has  been  r^rarded  as  an  aberrant  form  of  typhoid  fever,  bat  is 
certainly  independent. 

Btiology. — The  micro-organism  discovers!  by  Bmce,  and 
designated  Microooccns  melitensis,  is  by  many  K^nleil  as  the 
specific  caase.  This  is  an  oval  microeoccas  about  \  a  in  diameter, 
occurring  «ingly  or  in  pairs,  and  in  cultures  as  short  chains.  It 
has  no  motility  of  its  own.  It  may  be  stained  with  «»rdinary  solu- 
tious  of  anil  in  dyes,  but  not  by  Gram's  method.  It  occurs  abun- 
dantly in  the  spleen,  but  not  in  the  blood.  Pure  cultures  have 
been  obtained,  and  inoculation  in  monkeys  has  seemed  to  give 
positive  results.  ^lalta  fever  is  not  contagious.  The  micro- 
organisms seem  to  enter  the  body  through  the  respiratory  or  the 
intestinal  tract. 

Pathologic  Anatomy. — The  mucoas  membrane  of  the  small 
intestine  is  red  and  the  solitary  follicles  and  Peyers  patches  are 
sometimes  swollen.  The  mucosa  of  the  large  intestine  is  generally 
dark  red  and  presents  small  round  or  larger  irregular  ulcerations, 
from  which  intestinal  hemorrhages  occur.  In  some  cases  lesions 
of  the  ileum  resemblincf  those  of  typhoid  fever  have  been  de- 
8cril>ed  ;  but  it  is  doubtful  if  the  cases  in  which  these  occurred 
were  Malta  fover,  and  not  typhoid.  1  he  spleen  is  enlarged  and 
hyperemic. 

Pathologic  Physiology. — Malta  fever  is  characterised  by 
irregular  febrile  movements.  The  cause  of  this  im^ularity  and 
the  nature  of  the  toxic  substance  generated  in  the  tlisease  are  un- 
known, liecently  a  serum-reaction,  like  that  of  Widal  for  typhoid 
fever,  has  lx*en  obtained  with  the  serum  and  cultures  of  Malta 
fever. 

BERI-BERI. 

I>efinition. — This  disease  is  an  infection  due  to  undetermined 
causes.  It  occurs  in  tropical  and  sul)tn>pical  countries,  and  is 
characterized  by  muscular  weakness,  general izt»fl  muscle-pains, 
<lropsy,  and  cardiac  failure.  The  essential  lesions  seem  to  be 
deg(»nenition  and  inflammation  of  the  j)eripheral  nerves. 

Htiology. — Beri-beri  occurs  among  young  persons  and  usually 
affects  numbers  of  i)eo])le.  It  is  most  frequent  along  ocean  coasts 
and  gr(»at  rivers,  and  is  most  prevalent  during  damp  seasons  of 
the  year.  It  does  not  seem  to  oe  contagious.  Dietary  conditions 
appear  to  be  imi)ortant  as  a  predisiK>sing  factor. 
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Various  micro-organisms  Jiavf  lu'cn  described,  including  a 
number  of  l>ae!lli  imd  iiiicroi'<x'€ij  as  will  as  organism Rresenaliliiig 
the  malarial  lu^rimtdZija.  One  observer  (Tavlor)  was  alile  to 
prmluce  the  disease  iji  aniniaLs  by  the  injeetidu  of  blood  from  a 
diseased  jiersou. 

Pathologic  Anatomy* — Among  the  lesions  observed  are 
pmiotate  bem<»rriia<i:es  in  the  serous  j^n r faces  ;  parenchymatous  aud 
iatty  degeuemtioii  of  the  liciirt-musele  ;  eukirgement  of  tlie  bver 
ami  spireiv.  iJe^euenHioii  and  inflaninintion  of  tlie  peripheral 
nerves  are  constant  and  important  euuditioiis. 
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PROTOZOA. 

Class ification.^^diAflS  I  MfzojtfHkt  (Saretwlina),  forms  resembling  the 
amiebii,  aint  characterized  espeetally  by  the  presence  of  pseudiipiRlH. 
I       Clxss  II.     i'7<'/i/e^/fl^t  (Mjisti^ophonU,   protozoa^   characterized    by   the 
'  preseDce  of  one  or  aiore  long  Iji^b-hke  ilagella,  used  for  progression  or  ac- 
quiremtat  of  food. 

Class  III.  Spomzoa^  forais*  living  as  parsuiitea  i n  the  tissues  of  other  ani- 
..maL^  receiving  their  fo*»d  only  by  osmosia.  Reproduction  by  meana  of  en- 
Icysted  tfporet?. 

Class  I V .  fn/nmna  (Ciliata),  cell-body  of  fixed  sbapc  with  cilifie ;  living 
free  in  water  or  as  panisites. 

Class  V.  Smiona,  cell -body  provided  with  Buctorial  tubes.  Usually 
ectoparasites  in  water  aniaials  and  plants 

AMCEBA  DYSENTERIvC, 

DesCTiption* — Tins  orgjinism,  first  accurately  described  by 
Lofech,  i^  iui  ameboid  bfaly  fnjm  20  to  30  fi  m  tUamcter,  eonsisting 
of  a  elear  protoplasmic  refractive  outer  portion  and  a  finely  or 
coarsely  gramdar  prot4»[>lasm  witlnn  (Fig,  lOf*),  It  frequently 
Bhow*^  vaeuole.s  aufl  sometimes  a  nueleus.  It  piTsent^  aetive  ame- 
linhl  movements  when  studied  on  a  warm  stage  uf  the  luieroseope ; 
and  fretjuently  contains  foreign  bodiejs,  sueli  as  bacteria,  pigment- 
part  ieles,  and  portions  of  blood-eorpuseles  or  other  cells. 

In  the  movements  of  the  organism  pscudoptwlia  arc  projected 
from  some  part  of  the  periphorv*  These  at  first  draw  upon  the 
clear  periphenil  zmie,  but  after  their  formation  the  grannloplasm 
flow8  mto  the  projected  pseudopods.  When  in  nnfavoraI>e  sur- 
roundings the  organisms  uudergoes  a  form  of  change  called  the 
encyMed  fflafe.  In  fids  the  btMly  becomes  spherical,  and  the  wall 
is  eventually  stift'and  firm  and  usually  presents  a  donble  contour. 
The  division  into  a  clear  and  a  granular  protoplasm  is  lost,  the 
organism  being  uniformly  graiudar. 

*  Bmun  (Die  tierisckt'n  Pimihiten  des  Menschen)  1903* 
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Distribution  and  Pathogenesis.— The  organism  in  ques- 
tion has  been  found  abundantly  in  the  stools  of  patients  suffering 
from  dysentery.  It  is  readily  detected  in  the  necrotic  particles  or 
the  mucus  of  the  stools,  and  has  also  been  found  in  the  tissues  of 
the  bowel- wall  adjacent  to  the  dysenteric  ulcers  and  abundantly  in 
the  liver-abscesses  secondary  to  dysentery. 


Fig.  109.— Amoeba  coll  in  intestinal  mucus,  with  blood-corpuscles  and  bacteria  (L8sch). 

The  pathogenic  importance  of  this  organism  cannot  be  positively 
established  until  cultures  are  obtainable.  Thus  far,  attempts  to 
secure  pure  cultures  have  failed.  Ver}'  recently  (Musgrove  and 
Clegg)  amoebae  have  been  cultivated  in  cultures  of  bacteria.  The 
injection  of  mucous  containing  the  amoeba  into  the  rectum  of 
cats  and  other  animals  has  occasionally  produced  typical  dys- 
entery, but  this  does  not  prove  the  mthogenicity  of  the  amoeba. 
The  regularity  of  the  occurrence  of  the  organism  in  certain  forms 
of  dysentery  and  its  relations  to  the  lesions  are  the  strongest  evi- 
dences in  favor  of  its  pathogenic  rdle, 

AM(EBA  COLI. 

This  smaller  amoeba  (10  to  20  /i  in  diameter),  also  differing  from 
the  Amoeba  dysenterise  in  having  a  less  greenish  color,  less  distinct 
ectoplasm  and  endoplasm,  less  distinct  pseudopodia,  in  the  usual 
absence  of  vacuoles,  the  almost  invariable  presence  of  a  nucleus 
and  well  defined  nuclear  membrane,  and  in  rarely  ingesting  red 
corpuscles,  has  been  found  in  the  feces  of  from  50  per  cent,  to  70 
per  cent,  of  healthy  persons  in  various  localities.  Possibly  under 
certain  conditions  the  amoeba  may  become  patiiogenic  ;  usually  it 
has  been  found  in  persons  entirely  well. 
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OTHER   AM<EB/C< 

Several  otber  amcebge  of  tester  inijmrtaiice  have  l>een  discovered. 
Among  these  are  the  Amrehtf  nrhtfdi^,  i\mn4  \u  the  urine  in  (*a!=;es 
of  cystitis,  ami  ^ev^^ll  forms  met  with  in  the  nM»uth,  e^peeially 
about  the  tet^tli.  An  amoeboid  organ i^fni  of  uncertain  patliogenie 
signiiicauee  has  been  discovered  in  the  abdunniial  Hnid  of  eases  of 
aecites.  It  has  been  nametl  Leifdetmr  f/nrnntpara.  It  has  a  pul- 
sating vaeiiole  and  niielcns  and  multiplies  by  budding  or  division. 

CERCOMONAS  HOMINIS* 

This  organi?^m  is  a  pear-shaped  ixHly  m  ith  a  j-harp  anterior  ex- 
tremity providtHl  witli  a  delicate  short  ciliun*.  The  broader  jios- 
terior  end  i»  proviiled  with  a  long,  tail-like  tiagellum.  A  larger 
aoil  a  smaller  variety  have  been  described  iFig.  110).    The  former 


Fio.  110— C'^rcooKuiaa  hominis :  o,  larger,  b.  stEiftner  variety  (DavaloeK 


is  the  variety  usually  fijund,  and  is  from  10  to  12  /i  in  length.  A 
minute  oval  aperture  has  been  found  at  the  anterior  extremity* 

M'<iffmficfiti€r. — The  orj^^anism  has  been  discovered  in  great  num- 
bers in  various  diarrheal  conditions,  especially  in  eholera.  It  ba.s 
however  been  found  in  the  stools  of  IVom  10  to  25  [)er  cent,  oj 
healthy  persons  in  tropical  countries  antl  is  not  known  to  ha%'e 
tlefinite  patliogenie  powers.  It  is  not  impruhal)le  that  the  organ- 
ism is  in  reality  a  form  of  triehomonas. 

Other  eloselv  allied  cereomonades  have  been  found  in  the  urine 
(BoiJo  nriuarius;  Cercomonas  uriiiarius), 

CERCOMONAS  COLl   HOMINIS, 

A  single  observation  of  this  organism  was  made  by  May.  The 
body  of  the  |iarasite  was  not  quite  the  size  of  a  red  corpuscle  j 
rather  granular  and  glistening  and  slightly  greenish.  It  was 
spiodle-shape^b  the  anterior  end  more  blunt  tlian  the  ^Ktsterior. 
Jour  cilia  were  found  attached  to  this  end,  and  upon  one  side  of 
the  organism  was  seen  an  tmdnlating  membrane.  In  the  same 
case  smaller  bodies,  less  deveh>pc*d  and  probably  younger  para- 
sites, were  discovered.  The  patient  suffered  from  ciircinoma  of 
the  stomach  and  chronic  diarrhea. 
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TRICHOMONAS  II^TTESTINALIS. 

This  omnusm  is  pear-shaped ;  from  10  to  15  ;£  in  length 
and  7  /i  in  breadth  (Fig.  111).  The  anterior  end  is  blunt;  the 
posterior  end   is   prolonged    into  a   sharp,  tail-like    projecticHL 


Fm.  lllwTrichomoiuw  intestinalifl  (Zanker). 


The  body  is  granular  and  contains  one  or  two  bodies  resembling 
vacuoles.  Near  the  anterior  end  at  one  side  may  be  seen  a  row 
of  ten  or  twelve  cilia,  which  give  the  organism  active  motility.  It 
has  also  ameboid  movements. 

Significance, — This  organism  has  been  found  in  cases  of  diar- 
rhea, but  its  significance  is  doubtful. 

TRICHOMONAS  VAGINALIS. 

This  form  is  rather  smaller  than  the  last,  with  an  attenuated 
caudal  end  and  a  more  blunt  anterior  portion,  provided  with  three 
or  four  flagella  ;  there  is  a  lateral  unclulating  membrane  with  six 
or  seven  short  cilia. 

Hignificance. — The  organism  has  been  found  in  cases  of  vagini- 
tis due  to  various  causes,  but  also  in  the  vagina  in  the  absence  of 
evident  disease. 

OTHER  FORMS  OP  TRICHOMONAS. 

Stcrnlwrg  has  found  several  forms  in  the  mouth,  and  especially 
about  the  teeth.  These  have  been  termed  Trichomonas  fiagellata. 
Tric^ioinonas  caudata,  and  Trichomonas  elongata.  A  trichomonas 
closely  rolat<»(l  to  T.  vaginalis  has  been  found  in  gangrene  of  the 
lung  and  in  putrid  bronchitis. 

LAMBLIA  INTESTINALIS. 

This  orgiinism  in  its  active  state  is  irregularly  pear-shaped,  and 
presents  at  its  broad  end  a  cup-shaped  depression  situated  obliquely 
at  one  side  (Fig.  112).  On  the  anterior  edge  of  the  depression  are 
attached  two  long  cilia,  and  at  one  point  of  the  posterior  lip  are 
two  pairs  of  cilia.  In  the  base  of  the  depression  are  seen  two 
vesicular  structures  ^nuclei)  united  by  a  band.  The  protoplasm 
is  finely  granular  and  is  surrounded  by  a  delicate  capsule.     When 
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free  the  organism  U  capable  of  rather  rapid  motion,  but  in  the  in- 
tej^tine  it  is  attat^hptl  to  the  epithelial  cells  by  its  ciip-shsipeJ 
depression.  The  urpmism  exists  in  this  fr>rm  in  the  duodenum 
and  jejunum.  In  the  t'<ih>n  or  other  iintavc^rahle  sitnationi?  it 
forms  oval  eueystinl  brtdies  ^showing  the  nuclei  and  eilia  within. 


Fig.  112.— L&tnbliii  liiiefitltiaUK  from  the  inteBttnes  of  a  mouu  (Grjual  &nd  BchewiakofT ). 


Sigmfionnee. — T^auiblia  is  a  frecjut^nt  parasite  of  t lie  monse,  but 
has  heeu  found  in  x\iv  intestines  of  other  animals^  and  oeeasioaally 
ill  man,  It  has  been  found  rspeeialiy  in  eljronie  diarrlieal  oou- 
ditious,  and  at  times  appears  iu  tlu^  stools  in  immense  numbers. 
Nu  flefiuite  lesions  have  l>een  found,  and  the  pathogenicity  of  the 
genu  is  uncertain. 

TRYPANOSOME* 

Several  varieties  of  trypanoscmie  have  been  recognized  in 
animals,  notably  in  horsi^s  and  csittle.  Among  these,  T.  Eranm 
(Steel)  has  been  tlujnd  in  the  itisease  **snrra^'  in  liorses  and  mule?? 
in  India  and  Hurniah  ;  the  T.  Bmeei  (Plimrner  and  Bradfiird)  ha?^ 
been  found  iu  "  na^ana  "  a  ^liseasc  of  horses  and  rattle  in  ( 'cntral 
Africa ;  a  tbrm  jimlialily  iclcntieal  witli  T,  Brnca  has  l>een  found 
in  *'  mal  ile  C iideras,*'  a  (list'ase  similar  to  surra  and  uatrana  in 
Central  South  Africa  and  Brazil  ;  7",  equiperthim  (I)oflein)  or 
T,  roiiffefi  (Laveran)  in  the  disease  of  horses  known  as  **douriue^' 
in  Algeria  and  other  countries.  A  comparatively  harmless  variety 
(T*  Lewisi,  Kent)  oecurs  in  a  large  proportion  of  wild  rats.  It 
has  been  the  ft>rra  on  whifh  many  of  the  studies  of  trypanosomes 
have  b^en  made,     A  few  other  forms  have  been  recognized. 

The  trypanosoma  was  discovered  in  the  blood  of  a  human  patient 
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hy  Duttoo.  Tlie  curlier  reported  csfei  of  Kqyrien  mie  apea  to 
fione  doobC  The  patieiil,  mn  Eoglttluiiaa,  lad  been  mloog^  the 
Gatmbia  Rirer,  and  his  sjinpiOfBui  weie  wmA  tbe  same  as  diose 
mel  with  in  animals  from  tbe  .^ame  panntie  nrrasion.  Grettt 
wa^stiiig  and  weakoese^  especial]  v  in  the  1^ ;  iiRgvlar  lebpfiiag 
fever ;  edema,  eqtecially  about  the  erea;  injeetioii  of  tbe  skin  ana 

^eonjuDctivse;  enbrngemeDt  and  leodemesB  of  tbe  spleen,  and 
'^  f^aent   pulse   and  re^piraticNis^  vere  tbe  principal  sTmptonis. 

'Cast*.lkiii  announcetl  in  1902  hi^  di<co%*eiy  that  tbe  sleeping 
fever  of  the  African  negro  is  caused  by  a  varietr  of  trrpanoeoaiew 
The  name  Trmanotoma  Gambimm  (Dotton)  has  been  pn>- 
posed  for  the  parasite  of  man. 


Tm,  113.— Tiyp«no»«>niji  Qanihienae^  (is  frmn  the  blood,  (2)  from  sero-AQgQlAolest 
ttuM,  (1)  form  •biiwinir  nrntii'led  pu»terior  eittreniitj  and  gTBaoUr  protoplJiKm.  M>  dlridin^ 
form.    X  about  29100.    (LAvermo  and  Hetnit). 

The  trvpaoosome  h  a  mioiite,  womi-Uke  Ixidy,  difficult  to  see  in 
th*f  fresh  blf>od  with  a  raagnification  of  300  diameters.  One  end 
of  the  parasite  is  drawn  out  into  a  flagelluni ;  the  other  end  is 
hluntly  conical.  An  undulating  raemhrane  is  attached  along  the 
IkhIv,  which  is  short  and  thick  and  irranidar  Near  the  {xisterior 
cml  Is  found  a  n*fractilc  sj»ot  (vacuole).  The  j>arasite  moves  by 
nn^arn  of  tln'  Hagellum,  anterior  end  in  front,  hut  it  may  move  back- 
wiinh  fifpnxhiction  occurs  by  longitudinal  fission.  The  organism 
n-arlily  dies  in  fresh  preparations.  In  the  stained  preparation  it  was 
founJ  18  /i  to  25  /I  in  Jength  and  from  2  ft  to  2.S  //  in  width. 

Xovy  and  MeNeal  stjre»:»ed(Hl  in  cultivating  trypanosomcs  in  ar- 
tificial mc<lia  cfimpnsi'd  nf  fine*  part  of  nutrient  agar  anil  two  parts 
of  frcsti  dciihriiiatcd  or  lakcd  rabbit  or  rat  blood.  The  oi^Disms 
retain  their  vinilenco  in  cultures  for  long  periods  of  time. 

The  trypanortome  of  man  has  been  found  pathogenic  for  certain 
monkeys  and  for  dogs,  cat.s  and  rats. 

Trnniminsum  of  (he  DiscaMe.-^The  tnmsmission  of  the  parasite 
is  effected  by  various  blood  sucking  flie:j.     The  T.  Gambiense  is 
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conveyed  by  the  Glossuin  palpfttk;  T.  Briicei  mainly  by  the  tsetse 
fly,  Glm»in(t  ruofHi'tfms  ;  T.  Ltnvisi  by  flt-as. 

Tfie  orgiinisoi  may  exist  in  the  bloud  in  man  for  a  long  time 
witlumt  eaiL-^iiig  symptoms.  I^atcr  itetitiis  tlie  rereltrospinal  fluid 
ami  then  caHse,s  the  ehametenstio  mani testa tion.s.  As  a  nile  there 
is  first  irregular  fever,  later  pains  and  swelling  of  the  extreniities, 
and  fuiaily  emna. 

Tlie  le>ions  discovered  at  autopsy  eonsist  *»f  «'erein'ospiiuil  men- 
ingeal eongestiiin  witli  increased  fluid  and  enlargement  <tf  the 
spleen  and  liver, 

Immnnization  of  animals  has  lieen  aeeom])lislitMl  by  repeated 
inoiidations  and  immune  fii}rd  of  deeirled  poten<y  have  been  pro- 
duced, 

THE   PARASITES  OF  MALARIA. 

Tlie  orgimisnis  which  are  now  reeogai^ced  as  the  eause  of  mala- 
ria belong  to  the  protozoan  group.  Most  untbors  regard  them 
assporozoa»  snljorder  liemosporidia.  The  organism  is  found  in  die 
blood  and  the  vascular  channels  of  the  various  organs,  deriving 
its  nourishment,  fur  the  most  part^  directly  from  the  blood-eor- 
puscles. 

Malaria  has  been  regarded  as  a  water-borne  and  as  an  air- 
borne disease*  Xo  proofs  have  been  olitained  for  either  view. 
Direct  contagion  docs  not  occur^  but  it  has  lieen  shown  that  the 
bhxHl  is  iixfci'tiikus  when  intro^luced  into  tlie  circulation  of  a 
healthy  person.  The  tlrinking  i»f  the  blood  does  not  give  rise  to 
the  disease.  1  *ertain  external  conditions  are  favorable  or  necessary 
to  tlie  development  of  the  disease.  These  external  conditions  are 
moist,  marshy  soil,  atmospheric  humidity,  nnd  high  temperature. 
Tlie  disea-^e  occurs  in  the  lowlands  or  bottomlands,  and  very  rarely 
in  high  and  dry  ground.  Extensive  excavations  und  the  like  may 
cause  the  apix^arance  of  the  disease  or  increase  it,  and,  on  the  other 
hand,  suitafde  drainage  may  cause  its  diminution  or  disap[>eanince. 
The  relation  of  all  these  conditions  to  malaria  is  explaim'd  l>y  the 
demonstration  of  the  part  played  by  mosquitoes  in  the  transmission 
of  the  contagion. 

Three  distinct  sjietvies  have  been  identifie<l :  the  organism  of 
tertian  fever  (Pirtmnojhfm  virftx)^  that  of  quartan  fever  (Phmno- 
dium  mafaria)  and  that  of   esti\'<>autnmnal    te\cr  {Piffsinndium 

i/iyjEcox),  Each  of  these  has  a  double  lifi?  cycle,  one  within  the  human 
lost,  the  other  in  the  body  of  the  mosfjuito.  In  the  human  cir- 
culation, spleen  or  elsewhere  asexual  reproduction  of  the  parasite 
occurs  until  it  has  exliauste^l  its  repnHluctive  power  or  antagonis- 
tic biKlies  have  destroyed  it;  while  in  tlie  mosquito  sexual  repro- 
duction occurs  l>y  conjugation. 

Plasmodium  vivax.  The  cyck'  of  development  in  the  blood  of 
man  begins  with  a  small  hyaline  spherule  about  2  /i  in  diumet^r 
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which  is  attached  to  or  within  a  red  corpuscle.  Soon  piement 
particles  appear  within  the  parasite  being  derived  from  altered 
hemoglobin  (melanin).  The  pigment  particles  are  more  or  less 
actively  motile  due  to  currents  in  the  protoplasm.  Later  the 
body  increases  in  size  and  the  corpuscle  in  which  it  is  contained 
becomes  paler.  Finally  the  sphere  increases  to  perhaps  twice  the 
size  of  a  normal  corpuscle.  In  all  stages  amoeboid  changes  in  the 
shape  of  the  organism  may  be  observed.  In  the  spleen  and  to  a 
less  extent  in  the  circulating  blood  division  of  the  parasite  may  be 
observed  about  the  time  of  the  expected  paroxysm  of  the  disease. 
The  pigment  collects  in  the  center  and  the  organism  forms  a 
rosette  and  then  divides  into  15  or  20  rounded  segments  or 
merozoites.  These  escape  from  the  destroyed  red  corpuscle  and 
are  then  ready  to  attack  a  new  corpuscle  and  begin  the  same  cycle. 

In  the  earlier  stages  the  hyaline  body  appears  as  a  light  area 
on  an  otherwise  normal  red  corpuscle,  somewhat  later  its  rounded 
shape  suggests  a  ring  and  the  term  ring-bodies  is  given.  This  is 
conspicuous  in  preparations  stained  with  a  chromatin  stain  such 
by  the  Nocht-Romanowsky  method.  The  body  of  the  parasite  is 
blue  and  at  one  point  in  the  periphery  may  be  seen  red  chromatin 
matter,  thus  suggesting  a  signet  ring.  Before  segmentation  the 
chromatin  collects  in  the  center  and  eventually  divides,  a  portion 
being  found  in  each  of  the  merozoites.  The  cycle  of  develop- 
ment of  this  form  occupies  about  48  hours. 

In  long  standing  infections  sexual  forms,  gametocytes,  are  found. 
Of  these  the  microgametocyte  (male  sexual  form)  is  a  large,  poorly 
staining  form  with  filaments  of  chromatin  in  the  center  in  an 
achromatic  area  surrounded  by  the  pigment.  The  macrogameto- 
cyte  is  a  large  extra  corpuscular  deeply-staining  body  with  chro- 
matin near  the  periphery. 

Pla.wiodium  malaricv.  The  organism  of  ijuartan  fever  differs 
from  the  tertian  in  that  it  is  less  pigmented  and  the  j)igment  is 
usually  coarser.  The  segmentation  is  more  regular,  forming  a 
wheel-like  figure  with  nine  to  twelve  segments  which  form  the 
spherules  or  merozoites.  The  segmentation  occurs  only  in  the  cir- 
culating blood  and  the  cycle  occupies  72  hours.  The  corpuscle 
containing  the  organism  does  not  enlarge  nor  grow  pale  as  in 
the  case  of  the  tertian  form. 

Plamiodium  prcecox.  The  organism  of  estivo-autumnal  fever 
and  also  of  tropical  or  malignant  forms,  is  smaller  than  the  others, 
occupying  only  a  third  of  the  red  corpuscle.  Segmentation  occurs 
in  48  hours  and  takes  j)lace  mainly  in  the  sj)loen,  hone- marrow, 
liver,  and  capillaries  of  the  brain.  There  is  less  pigment  than  in 
other  forms  but  the  particles  are  coarse.  The  segments  are  from 
seven  to  ten  in  number. 

Gametocytes  are  a  conspicuous  feature  in  the  later  stages  of 
this  type   of  infection.      At   first    they   are    oval    bodies,   later 
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Variou.-*  forms  of  malarial  parasites  (Thayer  and  Hewetson):  Fijjs.  1  to  10,  in- 
clusive, ttrtiaii  orKaiiinms;  Fips.  11  to  17,  inclusive,  quartan  organisms;  Figs.  18  to 
27,  inclusive,  estivo-autumnal  organisms. 

Via.  1. — Young  hyaline  form  ;  2,  hyaline  form  with  beginning  pigmentation  ; 
.'5,  piginente<i  form  :  4,  full-grown  pigmented  form  ;  5,  (»,  7,  8,  segmenting  forms ;  9, 
extracellular  pigmented  form;  10,  flagellate  form. 

Via.  11. — Young  hyaline  form;  12,  l.'J,  pigmented  forms;  14,  fully-developed 
pigmented  form  ;  15,  16,  segmenting  foruis :   17,  flagellate  form. 

FiGK.  18,  19,  20. — Ring-like  and  cross-like  hyaline  forms;  21,  22,  pigmented 
forms;  23,  24,  segmenting  forms  ;  23,  2(J,  27,  crescents. 


ANIMAL  PARASITES  AXD    DISEASES    CAUSED    BY  THEM,  333 


they  hf?€unie  crescents  with  centrally  placed  pigment  sur- 
rounding tlie  ehrornatiu.  In  bhiod  kept  nuder  observation  the 
chromatin  of  some  ut'  the  cre.soents  ]>rf*jeets  as  ilagella  after 
the  crescent  hus  changed  to  a  sphcrieiil  form  (flagellate  f<irni). 
The  gametiK'vtcs  arc  siguiii(*ant  af  long  standing  iideetion. 
The  gamct»H\vtes  do  not  form  wlien  the  infection  h  recent 
and  the  asexual  cycle  of  development  is  active.  Ijater  they 
represent  the  same  process  of  sexual  dificrciuiatiou  that  regularly 
ijceurs  in  the  mosquito  (see  below)*  The  llagelk  of  the  flngelltite 
form  (in  the  bh>otl  of  birds)  liave  been  seen  to  break  away  from 
the  corpuM'h;  fnjiu  uiiit'li  they  were  derived  and  enter  other, 
spherical,  bodies.  The  flngelhi  n^piv.sent  llie  male  element,  the 
pplierieal  l)o<lies  the  female. 

Tlie  Relations  of  the  Mosquito  to  Malaria. — It  lias  been  posi- 
tively demcinstrated  tltal  wlieii  ccrtnin  mnsrpiitoes  (of  the  geuus 
Afiopheit\s)  are  allowed  to  i'wd  npou  malarial  patients  and  later 
upon  normal  individuals,,  the  latttr  aetpure  the  tlisease.  Also,  it 
has  l)een  shown  that  susceptilde  pers<ius  nvM'  live  in  tlic  most 
malarious  district*^  witliuut  aeipiiring  the  disease,  provided  they 
are  careful ly  screened  from  mos<juitoes.  Some  of  tlje  earlier  in- 
vestigtitious  in  this  direction  failed  k'cause  speeinu^ns  of  Cuitx  and 
other  gen  uses  (not  Anophefes)  were  used.  Th(»  .ittnphrh's  ciavi^rr 
or  qitaiit'imarnitttd  and  others  ui*  tiiis  geuus  alone  seem  capable  of 
conveying  tht^  diseuse.  When  the  n)t)squito  takes  tlie  lilood  (d' the 
malarial  patient  into  its  stomach  (midintestine),  Hagellate  forms 
(micrfjgametoeytcs)  are  developed,  and  the  tiagella  (nucrogametes), 
each  containing  some  part  of  the  nuclear  substance  oi'  the  parent 
cell,  are  discharget!,  and,  moving  toward  <»ther  of  ihe  jianisites  which 
do  not  form  flagcHa  (macroga metes),  lerttHze  tiiese  by  penetrating 
die  body  of  the  kitten  The  fertilized  parasites  then  invade  the 
intestinal  walls,  entering  between  the  epithelia^  and  lodge  in  the 
surrounding  tissues,  where  they  segment  and  develop  a  distinct 
capsule.  The  cystic  structures  so  formed  (ootysts)  eontain  nnnier- 
ous  minute  rods  or  s|>orozm*its  tliat  liavc  resulted  fn>m  tlie  seg- 
mentation of  the  panisite.  The  CHJcysts  pmject  into  the  efelom- 
cavity  of  the  mosquito  and  eventually  rupture  into  this,  whence 
the  sfxjrozooits,  discharged  into  it,  are  carried  to  diticrent  parts 
of  the  body  and  eventually  lo  the  salivary  glands.  fn>m  which 
they  are  introchieeil  into  any  person  subsefpieutly  stung  by  the 
insect.  In  this  manner  tlie  e.\traeorj>orcal  cycle  of  development 
of  the  organism  is  completed  and  the  periR-tuation  nf  tlie  disease 
provided  for. 

The  recognition  (jf  the  relation  of  the  mosquito  to  malaria  ex- 
plains certain  hitherto  obscure  facts  regarding  the  conditions  that 
favor  the  development  of  the  disease,  Tiiis  knowledge  has  also 
led  to  the  iutroductiou  of  sanitary  measures  that  have  proved 
extremely  use  fob 

Pathologic  Anatomy. — The  most  important  fact  in  malarial 
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infrrtion  is  the  (U'striU'tinii  that  it  oreui^ion.^  in  the  IJrM^tl,  Rnjnd 
ant-niia  with  libei*ation  of  the  hem*>g"h>hin  (lit'nujjflohiiiemia)  :ind 
tlie  nppeamnt'e  of  j^niuular  pij^mieiu  in  tin*  hlood  are  anioug  rho 
rei:*ult.<.  The  pifxmerit  iicriimuhitis  in  the  spleen^  liver,  bone- 
marn>w,  and  in  other  situation m.  Extreme  disorganiziition  of  the 
bloofl  may  occasion  henioglol>innria  and  widespread  pigmenta- 
tion. Conj^estive  enhirgement  of  the  spleen,  and,  after  long-con* 
tinned  attacks,  cirrhoiio  ehanj2:es  in  that  organ,  may  be  observed. 
Thrombi  of  the  capitlaries  and  arterioles  are  not  rare,  and  to 
these,  in  part  at  least,  are  due  tlie  focal  necroses  observed  in  the 
liver  and  el >e where. 

Pathologic  Physiology, — The  curiously  paroxysmal  seiz- 
ures of  nialaria  are  probably  the  n\«ult  of  tlit*  lil)eration  of  toxic 
snbstnnces  at  the  time  of  segmentation  of  the  hematozoon.  The 
I>eriodicity  ilepends  upon  tlie  duration  of  the  cycle  of  develop- 
ment of  the  orpmism.  A  single  group  of  tertian  oi^anisms 
cause  a  tertian  fever  (a  pamxysm  every  other  day).  Infection 
with  two  groups  of  tertian  organisms,  maturing  on  alternate 
daysj  ]>roduee6  a  quotidian  fever  (a  paroxy-m  every  day).  One 
group  of  (luartan  organisms  causes  quartan  fever  (a  paroxysm 
every  third  day);  these  groups  (maturing  on  successive  days) 
cause  quotidian  fever. 

Texas  Fever  of  Cattle*— This  dijisease  h  of  interest  in  connect i*m  with 
malaria  becimse  of  the  relationship  of  the  parasitie  cause.  The  oriranism 
h  a  small,  actively  anitelioid  body  which  occuoies  the  red  blood -corpuscles. 
Frequenlly  it  occurs  in  pairs  in  the  corjmsrlcs,  and  the  name  Pirmoma 
bujeuilnum  wa>i  given  to  it  on  t!ii^  aceouriL  Texas  tVver  is*  t  liaracterized  by 
acute  fever  and  tmiuently  by  hemi|flobinuria.  The  spleen  is  enlarged,  and 
hemorrhages  are  obscrveil  in  viiri<>iiH  fjrgaoH  of  the  body.  When  the  blotMi 
of  a  diseased  animal  is  iiijeeted  into  a  healthy  one,  the  latter  acmiircs  the 
disea^^e.  Transmission  has  been  traced  to  the  cattle  tiek  i  Ijtoih»  bnvu)^ 
The  arother  tick,  after  it.s  detachment  from  the  inferte<l  animal  on  which 
it  huf?  fed,  tninsmits  the  iafectioiLs  agent  to  its  hirva^  through  the  ova.  The 
young  ticks  then  convey  the  in  feet  ion  to  healthy  cattle. 

Sporozoa  im  Birds  and  Cold-blooded  Aninials.^Many  blood  parasites 
have  been  studied  in  birds^  reptiles,  atid  other  cold-blooded  animals.  In 
birds  two  species  ffipffutpt'oftfin  Dnnakwektjl  ami  HnlUrhliitin  Ihnmlnt^h^ 
have  beea  cloMely  studiea,  thus  throwing  much  light  on  the  life  biHtory  of  the 
malarial  organisms, 

Leishman-DonOTan  BodieB.  In  certain  ciu*t^  of  severe  malaria-like 
fever  and  >ptenomegaly  of  the  tropics  (known  as  <lum-duni  fever  or  kala- 
ftzar)  Leislujian  and  later  Dr>novan  described  hodiej*  of  cirenlar  s^hape,  2^ 
to  4w  in  diameter,  containing  a  double  nucleus,  one  largt'  and  staining 
feebly  ai*  compared  with  the  smaller.  Opinions  difler  as  to  the  nature  of 
these  bodies  but  they  are  probably  piroplaHmala.  iJonovan  and  others  hav- 
ing observed  intra-corpuseutar  forms  in  the  circulating  blood. 

These  para.sitcs  are  found  in  the  large  endothelial  cells  of  the  spleen  and 
elsewhere. 

There  is  great  enlargement  of  the  spleen,  fever,  emaciation,  bleeding 
from  the  mucous  membranes  and  edema, 

Wright  and  others  have  shown  the  presence  of  r>rffanisnia  very  similar 
to»  if  not  identical  with,  the  Leishman-Donovan  bodies  in  the  tissues  of 
Oriental  Sore.    The  identity  of  the  two  forms  has  not  been  established,  and 
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if  Uiey  are  the  same  species,  the  benign  character  of  Oriental  Sore  woiild, 
aceording  to  Mansion,  indicate  that  the  organism  is*  one  of  reduced  viru- 
lence. 

COCCIDIUM  CUNICULI. 

Description, — The  c<:>ccidia  are  small  bodies  from  30  to  40/i 
ill  k'lifrtii  inul  fnini  15  to  20  ft  m  width,  hiiviiig  a  itelieato  outer 
CiXiting,  find  within  this  a  toiigh^  diJiilile-contouivd  capsule.  The 
bodv  is  filled  with  granular  material,  whieh  i^  not  rarely  a^j^re- 
g:ated  ill  the  center*  Outside  the  liody  s|X)rulatioii  takes  place. 
The  gmiiular  protoplasm  divides  into  fi»ur  rounded  capsulatcd 
spores,  eaeh  containing  a  granular  resting  body  lying  in  the  con- 
cavity between  two  sickle-shaped  druigliter-spores.  Sometimes 
endogenous  sporulation  is  said  to  occur,  the  pa ra^iite  simply  break- 
ing up  into  a  large  number  of  sickle-shapc^d  bodies.  Tlie  terra 
pHorospei-mio',  is  applied  to  the  rounded  spores  found  in  the  coc- 
cidiutu  (Fig*  114)^ 

OccTirrence  and  Pathogenesis* — ^The  coccidiiim  is  a  fre- 


Fia*  IH,— Coccidiumovlforme,  Bbowlug  melbod  of  reproducLton. 

quent  par:! site  of  rabbits  and  certain  other  animals*  It  leads  to 
the  ion  nation  of  yelkiwish  nrMlules  in  the  liver.  It  is  an  iutni- 
celluiar  [tamsitc,  tirst  invading  the  (*ells  of  the  bdiary  passages 
and  afterwanl  the  surrounding  hepatic  cells  as  well  (Fig.  115), 
Less  frequently  it  oeeurs  in  the  intestinal  tract,  giving  rise  to 
nodular  thickenings  or  ulcerations. 

The  parasite  escapes  from  the  bcKly  in  the  stools  ami  then  un- 
derg4.)es  sporulation.  Other  animals  are  probably  infcctcil  by 
ingestion  of  the  spores  or  spornlating  cmnndia.  Occasional ly  the 
disease  decimates  rabbits  or  guinea-pigs  kept  in  confinement.  The 
animals  fjeeome  languid,  lose  their  appetite,  emaeiate^  and  have 
fever.  Later  they  sutler  from  convulsions,  stupor,  or  coma,  and 
die  in  this  condition. 

A  few  cases  of  ctRH'idial  disease  of  the  liver  have  been  observed 
in  man.  The  lesions  present  themselvc^s  as  cystic  nodules  spring- 
ing fntni  the  bih*-ducts, or  less  c*onnnonly  as  a  ditluse  involvement 
of  the  liver  with  cirrhosis  and  eausing  jaimdice.  Coccidial  lesions 
of  the  intestines  have  also  been  discovered  in  man,  and  less  com- 
monly invasion  of  tlie  heart,  of  the  kitlneys,  and  other  parts. 

The  close  assoi-iation  of  the  organism  with  the  lesions,  and  the 
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number  of  or^nisnis  discovered  in  tlie  tif^siies^  ji^s^dy  the  belief 
that  it  is  tlie  ^{►eeifir  fiiuj^e  of  tli€  lesions. 

The  eoccidiuiii  of  the  iiUestinal  tmrt  is  ji;:i"iiendiy  smaller  mid 
tlie  8|>orulatioD  more  rapid  tlian  that  of  theliepatif  form.  It  was 
therefore  suppose*!  by  Leiickart  to  be  a  special  variety,  and  has 


Fio,  115-— CV'iM'Mia  iii  tlie  wjill  of  ihu  bilo'<1iH't.    TJu- cut  shi^ws  fn  thfrt-ntcr  nctivcpro* 
lifemtion  of  iliv  wall  of  thu  iluct,  nviiU  iiunicruu.-.  (ivold  loci  iiJiti  iniisst.Hi  iu  Uie  tlsfrue^ 

been  called  Coevkliuin  prrforfDus  or  Coretdhan  hominh,  ilore 
reeenlly  this  ha.s  l>eoij  regarded  as  identical  with  the  orditiary 
form. 

Coccidiimi  bigemiimiii,  Htiles. — Tbi^!  variety  has  been  found  in  dogs, 
cuts,  ]H)ie-csiLH  ana  nisiii.  Tlie  ev^t  divideti  iiUti  two  parts  uiid  theu  forms 
four  spores. 

Eimeria  homijlis. — Eimeri a  is  characterized  hy  the  forumtiun  iu  eaeh 
adult  parasiLe  ^if  a  .^inp:le  spore  contaiuiri*:  an  indetiulte  uumWr  of 
»pnrozoite».  The  Eimtria  ftomini^  waw  discovereil  in  the  purulent  exudate 
of  a  t-ase  of  pUnirisy.  Tlie  Bpores  ivere  of  hurge  tiize  und  eiintaiued  from  ten 
to  twenty  spornznites.  a€Couipauied  by  a  [krotopla-^iuie  reuiuaut.  The  exaet 
origin  of  the  organii^ma  iu  this  case  was  not  determineiL  ;?ouie\vlmt  s*imilar 
ortraniHins  were  found  hy  Virchow  in  a  tumor  of  the  liver,  and  by  Severi  in 
the  lung. 

SARCOSPORIOIA. 

The  sarcogporidia,  also  railed  Hainey\s  and  Mieseher's  tubes,  are  met 
with  in  a  nuniherof  mauimalf^.  The  or^:ani8ni  i*  eonipoi^ed  of  a  protophy*- 
mic  mass  eovered  with  a  ca|tHule,  and  forming  at  the  sta^eof  maturity  a 
larp:e  nnrnber  of  sickle-shaped  or  faleiforni  spontzojtes.  The  orjranism$ 
usually  ofcur  in  nui^sfcles,  either  within  or  l>etween  the  nuisele  bundles,  and 
are,  therefore,  elonprated  or  tubular  in  shape.  Iu  conneetive  tlssnew  the 
ortranisni  may  be  rounded  and  »r>metimea  prows  to  the  size  of  asutall  chem% 
Several  varieties  have  beea  described,  aod  a  few  observations  have  been 
made  iu  man. 


There 
at     the 
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BALANTJDIUM  COLL 

Bakatidiom    or    Paramecin m    coli    is   a   njtinded   body    from 
0.07  to  (XI    mm,    m   length  atid   slightly    k\ss   in   breadth  (Fig. 
116).     It  is  surroimded   by  a  eimt   of  eiliu  el^l^ely   set. 
is   an   oral    aperture    at   one    end    aud   an  annl    opening 
other     The  &iil>staiiee  of  tlie  parasite  is  gnumlar, 
and  eon tai  II s  a  n u e  1  e us  and  t w  o  ct  * ti  t  m et  i  1  e  v ae u u  1  e:^ 
bej^ides  variiiiis  foreign  matters.      Ene vested  form.s 
with  a  tidekened  eap^nh*  have  l>een  de!seril)ed, 

Skjnifii^anir.^Tlw  hog  is  tlie  natural  liost 
of  this  parasit4i.  Man  is  probably  infeeteii 
through  drinking-water  or  eon  tarn  iua  ted  tood- 
atufls.  It  is  ftitind  ])articularly  in  the  nortliern 
countries  of  Eiin^pe,  and  oeeurs  in  eaws  **f 
diarrhea,  pnneipally  involvin^j:  the  large  int*'s- 
tine,  Chronie  catarrhal  uirtafiiiaation  an<l  dysen- 
teric lesions  have  lieen  described.  The  organ- 
ism is  probably  irritating,  but  whether  pathogenic  or  not  is 
unknown. 


Fig.  Ho.  —  B*lttti- 
ticiiuracon  (Mdlai- 


JialantUlitm  minutum.  This  ^pecien  resembles  tlie  Balatidium  coli,  but 
is  smaller  (40  u  long),  liaf*  a  more  prominent  moutb,  and  but  one  vacuole. 
It  has  been  fouail  in  iis-soeifttioii  witli  Stronfjyhide^j  Anki^hsfomtij  and  Amcelm. 
Ita  8igni^can€e  i!^  uucertaia. 


ANIMAL  PARASITES  AND  MOLLUSCUM  CONTAGIOSUm, 

Definition.— MoUnseu  10,  or  Epithelioma  Oaitagiosum»  is  an 
mtretious  tlisease  of  the  skin  marked  l)y  the  ap[>earanee  of  white 
and  pink  papules* 

Etiology. — The  cause  of  this  disease  is,  no  doulit,  a  micro- 
organism of  some  sort.  Its  contagiousness  is  evidenced  by  the 
occurrence  of  epidemics  in  houses  or  asylums,  by  the  occnirrenee 
of  accidental  innenlations,  and  by  direct  experiments.  The  Incn- 
bat  ion-period  seems  to  lie  a  long  one — ^sometimes  extending  to 
several  months.  The  lesions  have  l)een  foTind  to  contain  small 
b<Mlies  whose  resend^lanee  to  eoccidia  was  long  ag*>  jiointed  out 
by  Vireliow.  It  is  uncertain  whetlier  these  are  really  parasites  or 
epithelial  degenerations.  Some  authors  are  jK^itivc  reg-arding  the 
parasitic  nature  of  the  IxMlies  ;  withers  are  equally  convinced  of 
their  nnn[>arasitie  eharacti'r. 

Appearances. — The  tlisease  oe4'nrs  as  single  or,  moiie  fre- 
quently, multiple  psqudes,  at  Hrst  quite  small,  but  later  beermiing 
nodules  of  considerable  size.  Jii  tlie  larger  a  central  ileprcssion  or 
uml>ilientiun  is  8een,  and  on  pressnre  cheesy  matter  may  be  ex- 
pressed from  this.  After  reaching  about  3  or  4  mm,  in  diameter 
they  rt^main  stationary,  i»r  undergo  softening  and  supjinnition.  In 
exceptional  ciis^'s  the  tumor  mav  reach  the  size  of  a  small  orange, 
22 
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Seats. — This  disease  occurs  on  the  face,  nevk,  chest,  genitals^ 
or  r^ometinies  scjit:tere<l  over  the  wliole  ImkIv,  sparing  only  the 
palms  anil  sole^?.  The  lenioos  have  oecasifjnally  heeii  found  on 
the  m neons  memb  ra iiea. 

Structure. — MiLToseopieally  the  I e.^ ions  of  this  disease  are 
fonnd  to  consist  of  epithelial  prolifenitioni^  haviiij^  a  somewhat 
acinous  arrangement,  a  hair-folliele  occupying  the  center  of  t*aeh 
group  of  cells,  Tlie  interior  of  the  nrKlnk\s  is  fiHed  with  soft, 
eheesy  matter  which  may  l>e  expressi'd.  The  epithelial  cells  ait; 
arranged  in  scvend  layers,  tlie  upper  being  normal  cells  with  hu^e 
nuclei,  the  dcej>cr  layers  showing  hcside  the  noelens  small  drop- 
lets, or  roumled  spherules,  the  so-called  moifmeum-boiUeK  These 
bodies  grow  in  size,  and  may  be  so  large  ns  to  fill  the  cell,  pushing 
the  protoplasm  and  nucleus  to  one  sid<_'.  In  this  process  the  cell- 
wall  and  pr(>to|dasm  beeinBe  horny,  and  practically  the  entire 
body  consists  <tf  thr  enlarged  niolluscum-eorpuscle.  Certain 
granulations  and  mt»re  or  less  definite  segmentations  within  these 
bodies  have  been  described  as  spondating  conditions.  The  nature 
of  these  bodies  is  ver\"  doul>tfu!  ;  they  may  be  coceidia,  gregarin- 
id«e,  or  ameboid  bodies  ;  but  they  may  also,  as  some  contend^  be 
the  resultia  of  epithelial  degeneratious. 


VARIOLA  AND  VACCINIA. 

A  number  of  liacteria  have  been  ilescribcd  from  time  to  time 
in  these  diseases,  and  various  micrococci  in  particular  have  been 
found  in  the  pustules,  but  none  of  these  ctin  be  considered  as 
specific.  Several  bacilli,  one  form  resembling  the  diphtheria 
bacillus  J  have  been  recently  described. 

In  18S7,  Pfeitter  and  van  der  Ixeff  indepemdently  dcseribed  a 
jirotozoan  parasite  of  tlii^  orfler  s]>orozoa,  '^vliich  ofcnrs  in  the  cells 
of  the  rete.  This  organism  was  found  in  %'ariola  as  well  as  in  vac- 
cinia. Pfeiffer,  (Tuarnieri,  and  other  investigators  iound  that  by 
inoeulation  of  the  cornea  of  mbbitis  large  nund>ers  c>f  the  supposed 
parasite's  make  their  apjK'anince  in  the  epitlielial  cells.  These  organ- 
isms are  rounded  bodies  lying  in  the  protoplasm  of  the  cells,  some- 
times singly,  sometimes  in  groups  of  two  or  three.  Slow  ameboid 
movenients  are  visible  and  the  organisms  present  one  or  more 
nuclei.  Spure-fonnatron  has  been  observed  by  several  investiga- 
tors,   (luarnieri  suggested  the  name  O/fwi/fM^  rariofc^  sett  v(SCCin€F. 

Councilman,  Magrath,  and  Brinckerhoff  in  lf)03  confirmed  the 
findings  of  Gtiaruieri  is  1892  and  of  Wasielewski  some  years  later 
as  to  cell  iuclusious  in  lesions  of  vaecinia  and  variola*  They  look 
upon  them  as  living  organisms  antl  the  probable  etiological  factor 
of  vaccinia  and  variola.  The  organisms  arc  first  seen  as  small 
structureless  bodies  from  1  n  to  4//  in  diameter  and  lying  in  vac- 
uoles in  the  protoplasm  of  the  celh  They  enlarge,  become  retic- 
ulated and  finally  segment  to  form  small  round  bodies  about  one 
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micron  in  diameter.  This  constitutes  what  is  known  as  the  eyto- 
phisiiiic  eyoU\ 

The  nucleus  of  the  eell  up  to  this  time  having  shown  little 
change  is  now  iuvmleti  hy  one  or  more  uf  the  intract'lhilar  bndie.s 
resulting  tVom  the  segmeutatiou.  These  increa.se  in  size,  take  on 
a  vacuolated  structure  and  linally  break  up  into  a  number  of 
small  ring- like  betdies  or  spores.  This  intranuclear  body  is 
regarded  as  a  more  advanced  ffu*ni  of  the  intraeel hilar  body  and 
is  pussil)ly  the  true  infecting  material  of  variola, 

Tlie  t-ytuplasmic  eyele  is  fouud  in  vaeeiuia  and  in  vaiiola,  the 
intranuelrar  cycle  only  in  variohi.  These  hivestigators,  there- 
fore, regard  it  as  prol>able  that  in  small [xix  the  complete  develo|>- 
naent  ot  the  parasite  through  two  cycles  takes  place  and  that  in 
vaccinia  the  primary  cycle  only.  These  organisms  are  foiuid  iu 
the  epithelial  cells  of  the  lesions  of  vaccinia  and  variola  and  iu 
the  endothelial  cells  of  the  capillaries  and  lymph  8pace8  beneath 
tlie  epithelium. 

The  formation  of  the  exanthem  may  be  due  to  the  infected 
endothelial  cells  of  the  capillanes  or  lym]>h  S|>iiees  being  carried 
to  the  skin  capillaries  by  the  Idnod  current.  No  differential 
methml  of  staining  has  as  yet  been  uffered.  The  nature  and  the 
signilicance  of  tiiese  suppose*!  organisms  have  not  yet  been  posi- 
tively determined.  Some  authorities  as  Ewing  look  nj)on  them 
as  products  of  cellHlegenemtion. 

Secondary  infections  witli  various  micrococci  or  itther  <frgan- 
isms  are  common  in  small-pox  and  vacri nation,  and  may  play  an 
important  part  in  pnstulation,  and  in  tlif  nuuv  definite  complica- 
tions, such  as  septicemia,  pneumonia,  hemorrhagic  septicemia,  ery- 
sipelas, and  the  like. 

Councilman,  (Amer.  Medicine,  Oct.  21,  1906)  in  discussing 
the  relations  of  variola  vera,  vaccinia,  and  variola  inocnlata^  show^s 
first  of  all  that  vaccinia  diflers  from  small-pox  iu  three  ways: 
first,  the  perifKl  of  incubation  is  shorter,  being  five  days  in  man 
and  three  days  in  calves,  while  that  of  variola  is  twelve  days. 
Second,  in  vaccinia  the  general  eruption  is  absent.  Third,  for 
the  development  (»f  vaccinia,  the  virus  must  be  placed  in  contact 
with  a  susceptible  epithelial  surtace,  and  cannot  he  carried  by  the  air. 

In  his  studies  of  52  autO]isifs,  carefid  study  was  nuule  to  deter- 
mine the  existence  of  a  primary  variolons  pustule  from  which  the 
general  infection  might  have  urcurred.  None  was  found  nor  are 
there  any  symptoms  of  sufh  a  primary  lesion.  Never tlieless  a 
simplepox,  in  the  hmgs  for  instance,  might  t^^casi on  no  distinc- 
tive signs.  He  believes  that  tlic  iufectii»u  passes  through  the  air 
and  enters  the  system  tlirongli  the  lungs. 

Regtirding  immunity  conferred  Ity  vaccination,  he  states  that 
all  the  evidence  goes  to  show  that  it  is  dne  to  germicidal  power 
of  the  bhxMl  serum  which  enables  the  serum  to  destroy  the  virus 
of  vaccinia  and  small-pox. 
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VARICELLA. 

Tlie  Ptinlogy  of  cliickeii^iHix  Is  even  less  definitely  deterniinecl 
than  that  of  sm{ill-i)ux.  Pieitler  diseovered  tlie  same  organism 
doserihed  hy  him  in  vaceinin  and  variola.  Raeteria  of  one  srnrt  or 
another  have  been  occasionallv  iomid. 


Future  uivestigatioiis  mu.st  decide  whether 


MEASLES.  SCARLET   FEVER»  AND  OTHER   DISEASES. 

Certain  invest i^itors  have  diseuvered  Ijodiej^i  having  some  of 
the  appearances  of  ]>rotozoa  in  measles,  scarlet  fever,  ]H'rnii'ioii8 
anemia,  leukemia,  sarcomata  of  varions  sorts,  and  in  a  nnnd>er  \>i 
other  diseases.  These  observations,  hi>wever,  do  nol  merit  turtlier 
discussion  in  tins  place 
they  liave  heen  aeciirale  or  mrt 

Mallf>ry  (Journ.  Mt^h  Res.j  Jan/04.)foruid  in  the  skin  of  four 
cases  of  scarlet  tever,  dying  in  the  early  stages  of  the  iliseasi:,  cer- 
tain bodies  which  in  tiieir  morphology  suggest  tliat  they  may  be 
various  stages  in  the  developmental  cycle  of  a  protozcKin.  They 
were  found  once  in  small  numbers  in  the  ejiitlcrnds  of  the  tongue, 
Tliey  were  not  present  in  the  skin  of  six  eases  tlying  in  the  early 
stages  of  tile  tliscase,  nor  in  a  luimljcr  exauiin*'cl  iji  the  desqua* 
mative  stage.  They  occur  in  an<l  between  the  ejiitheba!  cells  of 
tiie  epidermis,  and  free  in  the  su|Kn'ficial  lymph  vessels  and  spaces 
of  the  corium.  They  vary  from  2  ti  to  7  ft  in  diameter  and  stain 
delieiUely  but  sharply  with  nu^tliylene  blue.  The  various  formic 
including  definite  r<»settes  with  nutuerons  segments  suggest  an 
analngv  to  the  scries  seen  in  the  asexual  development  (schizngr)iiy) 
of  the  malarial  ]»ar:isites. 

Tlierc  are  in  addition  to  tlicsc  forms  larger  coarsely  reticulated 
forms  which  may  represent  stagt*s  iit  sporogony  or  degeneratians 
of  the  other  forms. 

The  name  CijdaMnion  scarlaiinak  has  been  ])roposeil  by  Mal- 
lory  for  this  organism. 


CESTODES  OR  TAPE-^WORMS. 

General  Biology,— The  life-history  of  the  different  forms 
of  tape- worms  is  much  the  same,  TIkt  have  two  states  of  exist- 
encCj  the  larval^  which  is  genemlly  found  in  one  species  of  ani- 
mals (the  intermediary  host),  and  the  adult  ntah'^  usually  occurring 
in  another  sjHnaes  (the  host).  It  is  supposed  that  in  tlie  case  of 
one  or  two  tape-worms  an  intermediary  lH»st  is  unnecessary,  but 
this  is  doubtfuL  Tlie  adult  worm,  or  tajie-worm,  occupies  the 
intestinal  tract  of  njan  or  tlie  lower  {vertebrate)  animals.  It  con- 
sists of  a  headf  by   which  the  worm  fastens  itself  to  the  mucous 
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surface  ;  and  aft^r  tlie  head,  a  neck  of  greater  or  less  size  and 
lenorth,  and  a  liody  t-onsistin^  of  .^pparate  /iftL^  or  progioiiUh^, 
The  latter  represent  eoniplete  organisms,  c'cmtaining^a  eomplicated 
genital  a]>panitiis,  hermaplirnditie  in  natnre,  which  prndnees  nu- 
merous ^'^^^^     Thei'ggs  an*  partly  disci larged  from  tlit*  sctrmeufs  in 


mAMO&JMiB 


FiQ.  117.— Segm I'll ts  of  a)  Tit^nlA  saititiata.  i2)  BothriocephAliu  Liitui,  and  U^)  Tamia  sciUum, 
showing  urriiMiEeinent  ijf  uterus. 

the  intestinal  tract  tlirough  a  fpnihil  jfon\  hut  especially  eseape 
into  tire  outer  world  whtii  the  npe  segments  are  sejmrated  fnmi 
the  body  of  t lie  worni^  are  discharged  from  tlie  bowel,  and  snhsc- 
quently  rupture  and  scatter  the  contained  ova  (Fig.  117).  The  cf/r/ 
ttr  fivum  encloses  an  immature  larval  organism,  which,  when 
received  into  a  suitalile  interniediary  liost,  penetrates  the  walls  of 
the  stomarh  or  intestine  ajid  finds  its  wny  to  the  museles  or  organs, 
where  ii  iniheds  itself  an<l  fornis  the  well-known  //^fr^s/fv* (see  Figs. 
117  and  118),  These  are  seen  with  the  naked  eye  as  small  cyst- 
likf^  Ixxlies  lying  het\v(*en  the  mnscle-Hl>eTs.  They  contain  a  neolex 
or  head,  like  tliat  of  the  ndult-worrn,  inverted  into  a  sac  Hlled  with 
clear,  watery  licjuid.  When  the  measles  or  iufsficerci  occur  in  hol- 
low cavities,  i^ueh  as  ilv^  vcntrieles  of  the  hndn,  they  may  r<^ach 
eonsidenible  size.  They  differ  somewhat  in  diflerent  forms  of 
tape-worm,  an  will  he  descriljed  in  eoixneetioji  w4th  the  individual 
species.  When  flesh  infested  with  larval  tape-worms  is  eaten  by 
man  or  «ome  snitalde  aninud,  the  cysts  are  dissolved  and  the  scolex 
fa^stens  itself  upon  the  mucous  niend>nine  of  tlu' intestine.  The 
IhmIv  of  the  worm  is  then  slow^ly  or  nipidly  iormed. 

Man  is  the  host  of  tape- worm  b  of  adult  or  of  larval  type;  most 
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FiQ,  ll&k.— Eggs"  of  various  worms  found  in  the 
alhueutBry  carut)  of  man:  a»  A&carls  himbri* 
coldi's  ;  II,  r  Oxyuris  ventiiculHrfs:  t),  TrJchix^e- 
phahi§  trinbiuru!^:  £,  Arikylosiomiim  Oii'HK'tmlo: 
y,  Fiist'jrrlii  ln'jj.ttti(!a:  o,  PitT'iro'llum  Intir-eatiJiu  ; 
Jl/lVii  la  sodium;  uTieniafagiuata  ;  n,  UibothrlO' 


frcH^upody  the  fornier.   In  one  tnise,  the  Ta?niu  ecliinoe*>eciis,  only  the 
lar\;tl  worm  uccnrf?  in  the  human  bmly,in  th*^  foriimf  liyiliitiil  ry^^t,s, 

Patliologic  Physiology » 
— Adult  taiJt-woruis  may 
oxist  in  the  intestines  of 
nnin  with  nut  can  si  n^^  clis- 
t u riiances < it' any  ki iid.  Fre- 
fjnently,  hmvever,  diges- 
tive Jistnrlmi)oet§  and  pain 
and  various  reMex  niani- 
i  es  t  a  I  i  o  n  s  ii  ri  ^e  *  The  se  n  j  ay 
he  eau^ed  hy  tlie  action  of 
tlie  worm  as  a  simple  for- 
eign btxly,  or  may  result 
from  poisonons  agents  gen- 
erattnl  l>y  tlie  worm  in  its 
normal  life,  or  as  a  con- 
sequence of  death  and  de- 
generation of  the  segments. 
Wlien  there  are  many 
worms  ( as  i  n  1 1  le  case  of  Hy- 
vu'iifjrjtis  nana)^  the  4li-S- 
turhunces  of  digestion  may  he  hirgt-ly  mceltanieal  ;  under  similar 
circumstances,  ur  wlieu  a  single  wcirm' hcc(*mes  ecMled  and  forms  a 
mass,  intestinal  obstruction  miiy  be  iR'casioned,  In  the  ease  of 
I)thfiikriorvphaiH8  /a^^i^  poisonous  sulistanee.s  are  undoubtedly  pro- 
duced, and  to  these  must  be  ascribed  the  severe  forms  of  anemia 
eansixl  by  this  worm.  Other  tape-wnrms  rarely  occasion  anemia, 
and  never  the  jwrnicions  Ty|H'  jnst  reterred  to. 

T/ENTA   SOLIUM. 

This  iunn,  ^onu'times  called  the  pork 
tape-worm,  iiccnrs  in  the  adult  state  in 
man  as  a  worm  two  or  three  nictei's  in 
length  ;  and  in  the  Irog  or  nirely  in  man 
in  its  larval  condition.  The  head  is 
abtitit  the  s^ize  of  u  pin-head  and  very 
<lark.  Anterinrly  it  has  an  rostellnin 
armed  with  a  double  row  of  fn^m 
twenty-two  to  thirty-two  hfjoklets.  At 
the  sides  of  the  head  arc  fuur  suckers 
(Fig.  119).  Attached  to  the  liead  is  a 
neck  of  thread-like  appearance,  which 
terminates  at  onee  in  the  tairly  develo)>ed 
segments  <»f  the  anterior  part  uf  the 
Inwly.  The  segments  at  ftrst  aiT  broad 
and  short,  but  become  longer  in  jn'optrtion  to  tlie  breadth  towaixl 
the  jKisterior  end.     The    sexually  mattire  segments  are   fonud  at 


Fie.  119.— Head  of  Taeina  Rolium 
(Mo«ler  and  Feiper). 
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the  MutMle  ami  the  posteriur  eml  tit"  the  wonii.  They  contaui  a 
uterus  consisting  af  a  nunlian  tithe  and  six  to  twelve  lateral 
branches  (Fig.  117),  The  genital  pure  is  found  at  one  f^ide  of  the 
isegnieiit,  irregularly  alternating  ill  succ€\'^sive  proglottides.  The 
egg^f  whieh  may  be  squeezed  from  tlie  segments  or  obtained  free  iu 
the  feces,  are  eillier  oval  or  spherieal,  from  0.030  to  0,035  mm. 
in  diameter,  un<l  eonsi.st  of  a  ])eripheml  striated  zone  and  a  eeutral 
gran u la r  j jortion ,  showi ng  i ndi st i net ly  six  1  i nei^-  represen t i ng  lio< >k- 
lets  (Fig.  nil).  Groups  of  segments  maybe  discharged  from  time 
to  time,  but  this  is  not  frequent  ;  the  discharge  of  single  segments 
is  less  frequent.  The  proglottides  have  independent  movement, 
and  may  sonu-times  lie  seen  to  move  about  upon  the  bed-elothes. 

Tlie  cyst iee reus  stage  which  gives  rise  to  the  Taenia  solium 
lives  nornudly  in  the  intmmuscular  ctmneetive-tissue  and  other 
orgtms  of  the  doniestic  pig,  but  it  is  known  to  exist  also  in  a  few 
otlier  mammals  as  well  as  iu  man. 

The  I^arval  State  in  Man.^ — When  the  ova  are  taken  into 
the  stomach  the  shell  is  digested  and  the  embryo  with  its  six 
booklets  h  set  free.  This  jienet rates  the  wall  of  the  stomacli  or 
intestine,  and  in  some  uneertjun  manner  reaches  the  muscles  or 
organs,  where  it  effects  a  hjdgement.  The  Iiookleis  are  discanied 
and  a  little  cyst  containing  clear  liquid  is  formed,  and  at  one  prjint 
may  be  found  a  Imd-like  projection  into  the  sac.  This  develops 
a  scolex  or  hea<l, which  eventually  In-t^omes  identical  with  tlie  head 
of  the  fully  formed  worm.  The  cyst  may  be  surrounded  l>y  a 
wall  of  reactive  couuectivc  tissue.  The  dunition  of  tliis  process 
of  formation  of  the  ei/aticereuJi  varies  somewliat  {five  to  ten  or 
twelve  weeks).  The  size  of  t!ic  cysts  in 
the  muscles  varies  fi'f>m  nnnnte  points  to 
t ha  t  o  f  a  pea .  I  n  t  h  e  \'  e  3 1 1  ri  c  1  e  s  o  f  t  h  e  b  ra  i  n 
the  cyslieerci  may  be  as  large  as  a  small 
cherrv.  Occasionally  t^omprmnd  or  rffve- 
inose  cyi^ilirn^i  are  met  with. 

Among  the  seats  of  special  interest  are 
the  brain,  the  muscles,  especially  the  per* 
iphemi  mus<"b's,  tongue,  and  heart-muscle, 
and  the  siibciitau<'Ous  tissues. 

The  Adult  Worm  in  Man. — ^When 
measlefl  meat  (hog,  occasionally  tliat  of 
deer,  sheep,  and  other  animals)  is  eaten  in 
insufficiently  cunkml  form  by  man  the  cajv 
sules  r^f  the  cysticerci  (Fig,  120)  are  dis-  Zli 
84>lved,  the  scolex  attaches  itself  to  the 
mucous  membrane  of  the  small  intestine,  and  the  worm  is  devel- 
opd.  l^snally  there  is  Init  one  worm;  occasionally  several  occur 
in  the  ^ame  ease.  The  worm  may  remain  in  the  intestine  for 
years,  despite  rei>eated  efl'orts  to  dislodge  it.     In  other  cases  it  is 


Fig   l20.~Mi.'iif!ltid  p*«Tlc ;  two- 
thirds  tlie  imtunil  siz^i  (Illicit- 


344 


TEXT- BOOK  OF  PATHOLOGY. 


ti  poll  tan  en  u  sly  fliscliar^retl.  Reverse  jK^ristalsis  may  rair^'o  portions 
to  l>e  carried  to  the  stoiiiarli,  wlieiice  tliey  may  be  <lispharij<Al  by 
vomiting.  lu  i?ome  ciii^ei?  tlie  iithilt  worm  ami  the  larval  form  ha%'e 
been  fount!  in  the  s*ime  iiKlividual  (man).  This  i.s  explaineil  by 
tlie  assumpf  ion  that  the  efi^gs  liave  readied  the  stumaeli,  where  tlie 
hirvie  have  been  t^et  at  liberty  to  penetrate  the  wall  of  the  .stoniaeh 
and  thur^  reaeli  the  tissues  of  the  body. 

Geographical  Bistribution,— Tlie  Trenia  solium  in  an  ex- 
cecHlin^ly  mre  parasite  in  America.  It  seems  to  be  more  common 
in  certain  parts  of  Europe. 


T/CNIA   SAOINATA. 

This  form*  sometimes  cidled  the  beef  tape-worra>  is  theeommon 
tai>e-worm  of  man.  It  is  larger  than  the  ])reeeding  forra^  being 
from  four  to  eight  meters  in  length,  though  it  may  reach  a  length 
of  :]5  meters.  The  head  \s  large  (2  mm.  broad),  culvoitlal,  and 
prtivided  with  four  suckers.  There  is  an  abortive  rostellum,  but 
im  booklets  (Fi^*  121).     The  neck  is  rather  long  and  j^lender  and 


FlO.  12l."Hemi  of  Tfuijia  sagtnaUl 


FlQ.  122,-  Cy^tlPfm*  TronK^  sagl- 


tlie  segments  rapidly  become  broader  than  long,  luit  in  tlie  posterior 
half  I  ►f  the  worm,  where  the  sexually  mature  prnghittides  are  found, 
the  segments  are  longer  than  hroail.  The  uterus  is  ft^rmed  like 
that  of  the  Taenia  solium,  but  the  lateral  bnincbes  are  more 
nnimeroi«s  (twenty  t<»  thirty,  and  often  dichotomously  branched) 
(Fig,  117).  The  i^gfi^  are  rather  mure  oval  and  larger  than  those 
Ld' Taenia  solium,  but  ntherwise  eh»sely  resemble  the  latter. 

The  larval  form,  ur  eystieeri^us,  tK'cnrs  in  the  ox  and  some- 
times in  the  giraffe.  The  measles  ai*e  found  in  the  muscles,  liver, 
hiogs,  and  i^casionally  in  otiier  organs  (Fig.  122)* 
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The  adult  fontl  oeeurs  t>nly  id  man,  and  fwcupies  the  small 
iiiU'wtino,  Tlir  |trf5senee  of  tlm  worm  *It>es  not  hvem  to  octtisinii 
any  defiiiite  (Tisease  uf  the  illtestint^s,  ext^qit  iii  rare  eases,  when  ii 
iiimiUer  are  foimd  present  iu  a  eoiliMl  mass,  nr  win  n  mm  \V(*nu  is 
similarly  r*»ilefl.  This  may  eiyi>c  iiitestiiuil  uhstrac  titai^  anrl  pos- 
sibly in  execpttrmal  instant  rs  rupture  ni'  the  hovvel* 

The  symptoms  ascribed  to  tiipe- worms  are  Miine  <»f  them  clnul>t- 
less  reflex  ;  but  it  is  noteworthy  that  they  are  often  absent  until 
the  (Kitient  4lis(  overs  sej[j;ments  in  the  stools.  (Further  reier- 
enee  to  ptsi^ible  patliologie  results  is  made  in  the  discujisiou  t>f 
DilHithrincejjhalus  latus.)  It  is  an  exeeed- 
in^i^ly  eiiinmnn  parasite  in  eertaiii  countries 
(Afrieiiaml  the  East), but  is  more  or  less  com- 
monly fouufi  in  ail  parts  of  the  world. 

MYMENOLEPIS   NANA. 

Til  is  form,  Munetitjies  ealle<l  the  dirrfrf 
t(tjK-i('onn,  in  its  adult  state  is  1 — ^1.5  cm.  in 
length  (may  reaeli  2.5  em.)  (Fig.  123  and 
124J.  It  has  a  rounded  bead,  witli  a  rnstel- 
lum  that  may  be  protruded  or  retmeted  and 
that  bearr^  a  single  circle  of  t\venty-tw<»  to 
thirfy  h«>oklets.  The  nuiture  segments  of  the 
p<»sterior  end  f>f  the  w*u  m  have  a  yelhnv  eohm 

rhe  irenitiil  pnre  i^  nn  (lie 

Fame  side  in  all  the  seg- 

me  n  t,s.   The  eggs  are  o  \'  a  1 

in     shape,    whitish    and 

trans)varent  ;     they     are 

from  ilOM  (o  (KOoO  mm. 

long  and  U.0:i2  to  0.042 

mm.  broad. 

Tlie  intermediary  boat 

FiG.l^,^H)menoWj.i.  «**  ^'^^^  *'*^™  1=^  "^'^  cer- 
natiH  nlHml  uulural  siZ4>  tiUnlv  kuoWU,  hut  IS  SUD- 
(Mr«krau(l  Peiper).  'i         i  ^-  */- 

posed  to  be  some  lorn^  ot 
insf^t  orj^nail.  In  the  rat  the  larval  form 
0€«:^urs  in  tiie  intestinal  walls  at  the  base  of  the       ^'^o.  I2i.-Hymennievii 

.ii.  .        1       i»  .*  -  -1        1-11  uauft.much cnimrijediMuB- 

Vllll  in  the  torm  «it  a  evsticerctad,  whieb  later   ler  and  Pel  pen. 

iliseharges  its  contained  embryo  into  the  intes- 
tine, where  it  matures.  The  same  secpienee  may  c*ccnr  in  man. 
The  adult  parasite  alone  tK^eurs  in  man.  Tlu^  head  attaches  itself 
deeply  in  the  tn neons  membrane  of  the  iKAvel,  and  may  cause  eon- 
side  ralde  local  ilisturbance.  There  are  usnally  several  or  many 
worms  associated ;  sometimes  there  may  be  several  thousands. 


i 

i 


346 


TEXT-BOOK  OF  PATHOLOGY. 


HYMENOLEPIS  DIMINUTA. 

This  form  (probably  identical  with  Taenia  flavopunctata)  is  from 
20  to  60  cm.  in  length  ;  the  head  is  elongated  and  verges  gradu- 
ally into  the  neck.  The  suckers  are  small,  but  there  is  neither 
rostellum  nor  booklets.  The  segments  are  marked  by  a  yellowish 
spot  which  represents  the  male  genital  organs.  It  has  been  found 
only  six  times  in  human  beings,  five  of  the  six  occurring  in  chil- 
dren. The  intermediate  host  is  a  species  of  small  moth  {Asopia 
farinalis).     It  has  also  been  found  in  several  other  small  insects. 


\ 


f 


I 

FIG.  125.— Dip- 
ylidium  Cani- 
niim  (M osier 
and  Pelper). 


DIPYLIDIUM  CANINUM. 

This  form  is  identical  with  the  worm  formerly 
known  as  Taenia  elliptica.  It  is  a  common  parasite 
of  dogs  and  cats.  The  length  is  from  15  to  30  cm. ; 
the  head  is  provided  with  a  rostellum  bearing  sixty 
booklets  ranged  in  four  rows ;  the  rostellum  may  be 
protruded  or  retracted.  At  the  junction  of  the  seg- 
ments there  is  a  considerable  contraction  of  the  dia- 
meter of  the  worm,  giving  the  body  a  markedly 
linked  character  (Fig.  125).  The  mature  segments 
have  a  reddish-brown  color  from  the  presence  of  the 
eggs.  Each  proglottide  has  a  double  sexual  appara- 
tus with  a  genital  pore  at  each  side.  The  interme- 
diary host  is  probably  the  louse  of  the  dog  and 
occasionally  the  flea.  The  adult  worm  usually  occurs 
in  numbers  in  the  intestinal  tract,  and  in  some  cases 
seems  to  produce  inflammatory  disturbances. 


DAVAINEA  MADAQASCAR1ENS15 

This  form  is  from  25  to  30  cm.  in  length  ;  the  head  is  marked 
bv  four  large  suckers  and  a  rostellum  bearing  about  ninety 
booklets. 

T/CNIA  ECHINOCOCCUS. 

The  Taenia  echinococcus  in  its  adult  form  occurs  in  the  upper  part 
of  the  intestine  of  the  dog,  less  commonly  of  the  wolf  and  jackal,  the 
larval  condition  occurring  in  man  and  in  some  of  the  lower  animals. 
The  mature  worm  is  about  2.5  or  5  mm.  in  length,  and  consists 
of  four  segments  (Fig.  126).  The  head,  which  constitutes  the 
first,  is  provided  with  four  suckers  and  a  rostellum  bearing  two 
to  four  dozen  booklets  in  a  double  row.  The  second  segment  is 
about  the  breadth  of  the  head,  but  somewhat  shorter.  The  third  is 
considerably  larger ;  and  the  fourth  is  the  largest  of  all,  consti- 
tuting about  one-half  or  two-thirds  of  the  entire  worm.  The 
uterus  consists  of  a  median  portion  with  few  a  lateral  branches. 
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The  eggs  are  oval,  from  0.030  to  0,036  mm,  iii  diameter,  and  the 
shell  is  rather  thinner  tliaii  in  the  eggs  of  other  tape- worms. 

Tliese  eggs  ilepostted  usually  in  water,  or  on 
vegetaijles,  or  ronvi'Vfd  hy  tactile  eLOomuiiicatiun 
from  tlie  boiiy  of  tlie  tk»gj  iwv  reeeived  into  the 
mouth  of  man,  and  several  of  the  lower  animals  and 
a  few  birds.  From  the  stomach  or  intestine  the  em* 
brj'o  liberateil  by  solution  of  the  egg  capsule  l)ores 
its  way  int^>  the  vascular  system  by  which  ii  nmy 
be  ciinveye<l  to  any  jiart  of  tlie  boily  of  its  lioht, 

EchinococctlS  Cysts, — Wheii  the  eggs  reach 
tlie  stomach  or  nmre  probably  the  intestine  of  tnun 
the  embryo  is  fitted  and  penetrates  the  mneons 
membrane.  It  is  carried  by  the  blood  or  lym- 
phatic stream  to  the  liver  or  other  org;ms  wliere 
it  dev^clops  an  eeluHocofeuJi  e\fd  (Fig-  1-7),  of  which 
there  may  be  several  varieties.  The  wall  of  the  cyst 
is  composed  of  two  layers,  an  tniter  cnticnlar  and 
an  imier  part^nehymatous,  grauidocellnlar  layer 
is  snrrnimdcd  l>y  an  adventitons  capsule  of  fibrous  looking 
tissue  derived  from  the  organ  of  tlie  liost.  Within  tlie  cyst 
is   a    clear,    limpid,    sometimes    amljer-colorcd    fluid,    having   a 


\'ii*,  126,— Tff-nia 
crhint>ctjt:cus;  tjn- 
liirj?ci!  t-Moslcruud 
i'ei|Hi*r>. 

The    whole 


Fill- 127,— Bchliioewifuii-cystof  the  liver  (fnun  n  spccimeii  In  the  Myst^um  of  Ihe  PhUa- 

rlelpHiid  lluApittil. 

specific  gravity  of  from  1009  to  1015,  of  neutral  er  alkaline  re- 
action, and  containing  no  albumin  or  only  traces  lint  a  eunsiderable 
tpiantity  of  chloride  of  sodinnj.  Hook  lets  are  usually  present  and 
are  of  considerable  diagnostic  value.  Sugar  is  sonn-tinies  fonnd 
in  tlie  fluid.  Such  a  cyst  may  increase  in  size  hot  with  no  altera- 
tion in  its  general  structure  thus  forming  an  Acrphaheifiii  (Lijennec). 
This  form  is  ibund  in  some  of  the  lower  animals  and  in  cattle 
where  it  may  attain  the  size  of  an  apple  or  an  orange. 

In  other  eases  large  nnm tiers  of  small  Inillow  '"  brood  capsules'' 
are  formed  within  the  internal  sjiaee,  in  which  the  order  of  layers 
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¥m.  1^.— Fonnatioii  of 
"  brond  rapeules  '  \i\Mn\ 
Ihe  |:H(r«iich>'mBiouii  lnyiT 


IS  just  tlie  rt'verse  to  what  it  is  in  tho  purfiit  cy^t^  that  is,  they  are 
lined  inside  by  a  thin  eiitiele  and  have  tfie  pnreiiehyinatons  layer 
Oil  their  external  surface.  From  the  **  brui)d  capsules/^  thescuHcea 
or  eehiiiiieoeeus  heads  devehip  as  exteruiil  p)*iitrusiuns, at  tlie  distal 
end  ut"  whieli  the  suckers  and  luxjklets  of  tlie  s<'ulex  are  formed 
(Fig.  128)*  8t>nie  ehuni  that  the  setdiees  may  develop  ilireetly 
from  the  eyst  wall  withont  the  medium  of  the 
brood  capsules.  To  this  form  is  given  the 
term  EehhtotoccHs  rdennontm  or  i'>ft//«t>- 
rocff(x  fieol  i  t' } pari  CUM  ^  It  oeenrs  ehiefly  in 
donn'sticated  animals. 

Ill  man  and  only  rarely  in  cattle  the  mother 
cyst  may  develop  '*  daughter  cysts/*  which, 
thontrh  smaller  than  the  pa i-ent,  resemble  it  in 
the  strnetnrc  of  their  walls,  which  are  eovere«I 
externally  by  a  stmtilied  enticle  and  internally  by  the  |nireiiehy- 
mutoiis  layer.  They  arise  from  snndl  detached  ]i(»rtions  of  the 
pareutOiymatous  layer  in  the  sti'ata  <»f  thc^  cuticle  rd"  tljc  mother 
eyst ;  they  may  Ind^e  inwardly  or  outwardly  and  may  st-panitje 
themselves  entirely  from  tlie  mother  cyst.  The  **  *  laughter  cysts" 
may  remain  sterile  or  may  pro<luce  broml  capsules  and  scolices  or 
otiier  cysts  ( 'Errand -tlauirhter  cysts").  To  this  eyst  the  term 
h'ehiHocoerus  hominiA  or  KcliiitttctH^Hs  ttffnripttriruft  is  applied. 

There  is  another  form  oi"  echinococt  us  oc^-nninir  in  n)an  as  well 
as  in  animals  and  tenne*!  J'Jrhlnoeoci'm  muftlforuiaris  (Fig.  129).  It 
varies  from  the  size  nf  a  list  to  a  chihrs  head,  presents  a  collection 
of  cysts  from  0.1  mm  to  o  mnu  in  diannter  and  is  indteddeci  in  a 
connective  tissue  stroma.  Kin-li  eyst  is  covered  with  stratified 
enticle^  an<l  accord inir  to  the  size  contains  either  solid  c<*l hilar  i-on- 
tents  or  a  cavity  lincfl  with  a  piu'cnehyn nitons  layer,  Tlie  flnid  in 
this  cavity  may  be  transparent  or  opjn[nedue  to  the  presence  of  fat 
gloi>nlcs,  bile  jngment  if  the  cyst  be  in  the  liver,  hematoidin  and 
fat  crystals.  Tlie  cysts  are  usually  sterile  thoUfrb  scolices  may  be 
present  in  some,  In  man  the  centre  of  the  pa ni site  dishiteirrates, 
leavintr  ii  larj^e  cavity  tilled  with  a  bnnvu  or  greenisli  fluid  con- 
taining shreds  of  the  wall,  eidcareous  biulies,  ^nmll  cysts,  scolices 
and  hmiklets,  fat,  hemattiidin,  nnirgstrin,  cliolesterin  and  concre- 
tions of  lime.  Nothing  positive  is  known  as  to  the  development 
nf  this  form»  that  is,  whether  it  springs  from  ti  single  oncosphere  or 
from  a  nnmber  of*  oneos]ilieres,  or  whether  its  r^on formation  is 
brought  al>out  by  pecnliarities  in  its  snrronndings. 

Echinr»c(M!eus  cysts  may  continue  to  grow  until  they  liave  reached 
huge  dimensions  withont  undergoing  any  secondary  changes.  In 
other  cases  the  pinisite  may  die  and  the  growth  may  cease, 
or  active  proliferation  of  the  tissues  around  the  cyst  may  lead  in 
early  destruction.  In  still  other  eases  snppnnitive  change  occurs 
in  the  cyst  or  its  wall.  In  all  eases  when  the  cyst  reaches  a  cer- 
tain sisse  the  tissues  amund  jinMluee  a  connective-tissue  cajisnle  of 
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greater  or  less  diickness.  When  the  {mrasite  dies  inspissation  of 
the  liquitl  t>ecui*s,  tim\  h  may  evoiituully  disappear  ar  he  coq verted 
into  a  thiek  wliitish  tnaterial ;  the  eyst-walis  ami  the  coriueetive- 


tissue  capside  at  the  same  time  shrivel  and  j present  peeuliar  eon- 
centrie  hiim"llati<nis  tlviit  are  very  eliaraeteristie,  Eveiitiially  eal- 
eiiieiititju  of  tJir  wall  <)f  the  eyst  antl  to  a  eertaui  extent  of  its 
eontt»nLs  takes  place. 

Seats. — Erhiniieoeeus  eysts  are  m*jst  fretpieat  in  the  liver. 
They  nlm  iH-enr  in  the  lungs,  kidiuys,  spleen,  and  onientum,  an<l 
less  fre<]ueutly  in  tlie  l>raiu  or  other  parts  of  the  nervous  system. 
Tlie  {xithohigie  etieets  are  |)rodLi(*ed  hyrlireet  ineelianieal  pressure. 

The  geographical  distribution  is  extrusive,  hut  tlie  dis- 
ease is  eomnmn  only  iii  restriete<l  loealities,  espeeiaUy  in  northern 
countries  (north  ni'  l^nni]R',  lee  land). 

DIBOTHRIOCEPHALUS  LATUS. 

The  Dibothriocephalus  latus  is  the  largest  tape- worm  of  man, 
reaeliiog  the  length  of  from  2  to  9  m.  or  more.  The  liead  is  tiat- 
tened  and  cluh-shaped  and  presents  tw*)  gro<Jve- 
like  suckers  at  its  sides  (Fig.  130).  The  neck  is 
thin  anil  gradually  increases  in  diameter.  The 
ripe  segments  are  (^uatlrate,  aud  are  tlistiuguished 
by  a  rosette- 1  ike  forruatiou  of  the  uterus^  wliicli 
is  plai idy  visihlc  in  the  center  of  each  proglottid 
(Fig.  117).  The  genital  pore  is  upon  the  flat  sur- 
face of  the  segment  and  always  up  in  the  same 
si<le  of  the  worm.  The  eggs  are  oval  in  shape 
and  enclosed  in  a  shell  presenting  a  hinged  liil  at 
one  j^Mjle.  The  intermeiiiary  h*ist  is  some  form 
of  fish,  most  frequently  the  pike.  The  eggs  first 
undergo  a  certiiin  amount  of  development  in  water, 
the  embryo  becoming  free  and  floatiug  about,  or  being  projwlled 
by  a  ciliated  outer  covering,  ami  then  entering  the  digestive 
tract  of  fish.  Transmission  of  the  parasite  to  its  lumian  htjst  is 
believed  to  he  confined  to  tlie  eating  of  the  flesh  of  infected  fish 
imperfectly  dalted  or  cooked. 


ria.  i:ki— Ueii*3 
and  neekuf  lHKK»lb- 
riocepbaiua  latus 
(UsuckftitK 
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The  geographical  distribution  is  comparatively  restricted. 
It  is  frequent  in  certain  northern  countries,  as  in  Sweden,  and  in 
parts  of  central  Europe,  especially  in  Switzerland.  It  is  only 
occasionally  met  with  in  America  in  immigrants. 

DIBOTHRIOCEPHALUS  CORDATUS. 

This  variety  is  much  smaller  than  the  last,  the  maximum  being 
from  1  to  1.25  (jl.  The  head  is  short,  broad,  and  heart-shaped, 
and  the  suckers  are  placed  upon  the  flat  surface.  The  uterine 
structure  differs  from  that  of  Dibothriocephalus  latus  in  being 
narrower  and  more  elongated,  and  also  in  having  lateral  branches. 
The  body  of  the  worm  contains  granular  calcareous  matter.  This 
parasite  is  found  commonly  in  the  seal,  the  walrus  and  the  dog  in 
Greenland  and  Iceland,  occasionally  in  man  also.  No  doubt  its 
larva  lives  in  fishes. 

BOTHRIOCEPHALUS  MANSONI. 

This  variety  occurs  only  in  the  larval  form  in  man,  nothing 
being  known  of  the  characters  of  the  adult  worm.  It  has  been 
found  in  the  region  of  the  loins,  in  the  urinary  passages,  and  in  the 
tissues  about  the  eyes.  The  head  of  the  worm  is  distinguished  by 
a  papilla-like  projection. 

DIPLOGONOPORUS  QRANDIS. 

This  parasite  measures  up  to  10  m.  in  length.  The  scolex  is 
unknown.  On  the  ventral  surface  are  two  grooves  in  which  lie 
the  genital  pores.  The  ova  are  brownish,  oval,  measuring  0.063 
mm.  in  length  and  0.048  mm.  in  width.  It  has  been  observed 
twice  in  Japanese. 

NEMATODES,  OR   ROUND-WORMS. 
ASCARIS    LUMBRICOIDES 

The  Ascaris  lunibricoides,  or  ordinary  round-worm,  is  one  of  the 
most  freijuent  intestinal  parasites.  The  male  may  n^ach  a  length 
of  25  cm.  and  a  thickness  of  2  to  4  mm. ;  the  female  is  longer,  up 
to  40  cm.,  and  thicker,  up  to  5  or  6  mm.  The  body  of  the  worm 
is  brownish  or  sometimes  pinkish  in  color,  and  presents  parallel 
ridges  or  rings  somewhat  like  those  of  the  earth-worm.  The  head 
is  provided  with  three  rounded  prominences  or  lips,  between  which 
the  month  is  placed  (Fig.  131).  The  male  shows  two  chitinous 
spicules  at  the  cloaca.  The  eggs  of  the  worm  are  produced  in 
peat  numbers  ;  they  are  elliptical,  measuring  0.05  to  0.07  mm.  in 
length,  and  0.04  to  0.05  in  l)readth  and  are  covered  with  a  tough 
shell,  surrounding  which  is  a  clear  material  in  an  irregular  mass. 
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The  contents  of  the  e;i^s  consist  of  a  granular  material,  sometimes 
showing  the  linear  outlines  of  an  embryo. 

The  ascariii  devt'loj>s  in  man  from  shallowing  of  the  eggs  in 
infesietl  tlrin king- water  or  foixL  The  parasites  may  be  present 
singly  or  in  numbers.  They  woupy  the 
small  intestine,  but  frequently  tuigrate^ 
entering  the  gall-cluets,  ttie  stomauli,  the 
esophagiLs,  and  even  the  larynx  or  nasal 
ca%nties. 

Patholoi^c  Physiology, — Ascarides 
may  give  rise  to  violent  symptoms  hy  uh- 
strnction  of  various  passage*  ways,  and  when 
in  numbers  or  united  in  masses  even  intes- 
tinal  obstruction  may  be  caused.  It  is 
probable  that  asea rides  produce  irritating 
secretions,  as  it  has  been  observed  that 
ctinsiderable  dermatitis  sometimes  arises 
in  persons  handling  them.  Occasionally 
abscess-cavities  ctrntoining  lumbricoids  are 
found  in  connection  with  ulcerations  and 
perforation  of  the  intestines.  These  ab- 
scesses were  liclieved  hy  older  authors  to  be 
caused  by  the  worms ;  at  the  present  time 
it  is  more  generally  held  that  the  worms 
play  no  important  part,  their  presence 
being  flue  only  lo  their  coincidence  in  the 
intestine, 

A5CARIS  CANIS. 

This  fiirm,  wdiieh  is  eommon  in  eats 
and  dogs,  is  rarely  met  with  in  man.  It 
is  much  smaller  than  the  ordinary  round- 
worm, the  male  reaching  a  length\>f  45  or  ^jj^'  ^1^^:;;^?::"^  mZ'c; 
60  mm.,  and  the  leuKile  120  to  VM  mm  tft^S^^^\^^X: 
The  head  js  distmguished  by  two  lateral 
wing-like  projections  composed  of  chitiuous  materiah 

ASCARIS  MARITIMA. 

This  form  has  been  observeil  but  once,  and  the  female  alone 
was  found. 


OXYURIS   VERMICULARIS, 

The  oxyuris,  seat-worm,  or  pin-worm,  is  one  <pf  the  commonest 
pai*asites  of  man.  The  male  is  2,5  to  5  mm.  in  length  :  the  female, 
10  to  12  mm,  (Fig,  132).  The  posterior  end  of  the  male  is  blunt 
and  curved  u|>on  itself;  in  the  female  it  is  elongated.  The  eggs 
of  the  oxynris,  which  are  produced  in  great  numbers,  are  oval  or 
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elliptical  and  al>Hyt  0.05  nini.  l«>iiu.  Tlu'  endcvn  is  visible  witliin 
as  a  lobulateil  boily.  The  para^site  i^  developed  direetlv  ihmx  the 
eggs*  When  thesr  are  swallowed  the  outer  coating  is  dissolved 
in  the  stoniaeh  nil  J  the  embrvos  escape^  to  reach  their  full  de- 
velopinenl  in  the  small  intestine.  The  impregnation  oeeni^  in 
tbe  small  intestine  and  witliin  a  sliort  time  alter  the  swallowing 
of  the  e^gs.  After  inipreguatitm  and  ripeuin*;  the  female  para- 
sites move  toward  the  reetuin  and  may  be  dix-hartri'fb  ^>r  may 
leave  by  their  own  movements.  The  life 
of  the  worm  is  siiort,  but  there  is  always 
the  ])Ossihility  of  reinleetimi. 

Oxyiiris  is  espeeiuUy  etmimou  in  eluld- 
hood.  It  is  prohalde  that  the  worms 
sometimes  eanse  inHammatory  trouliles. 
In  cases  in  which  theyaeenmnlate  in  num- 
bers a  form  of  verminous  diarrhea  may  he 
j)n>4kiced.  In  female  children  vanrinitis 
Irequently  results  fi*om  tlie  migration 
of  the  parasites  into  the  vagina. 


Yi<y.  ll"2.— Oxyiirti  VAjnnJcu- 
larb  lU  feumle  ,  0,  male  iMtts- 
l«r  ttwl  eeipcr). 


TRICHINELLA  SPIRALIS. 

The  Tri(*hinella  spiralis  oeetirs  !n  its  larval  form  in  the  muscles 
or  organs  of  man  and  in  the  Inwer  animals  ;  in  the  adnlt  form  it  is 
found  in  the  intestines  uf  nian  ur  animals. 

The  adnlt  male  is  aijuni  L5  nun.  in  length  and  0.04  mm,  in 
thickness.  At  the  posterior  end  there  is  a  rc*tractite  cloaca  Hanked 
by  two  projections.  The  female  is  2  to  4  inm.  in  length  and  iKOf] 
mm.  in  thickness.  The  eggs  are  provided  with  a  very  thin  shell, 
and  the  cniln'yc>s  esra|K^  from  this  within  the  litems.  They  are 
j^riKluced  in  iiuniense  numbers.  The  young  emliryiis  fViiiu<l  in  the 
intestinal  tract  are  Irom   0.1  t^^  O.lti  nun.  in   length,  tlie   anterior 

end  being  thicker  than  the  posterior. 
In  part  they  escape^  with  tire  feces  and 
die  ;  the  greater  part  penetrate  the  in- 
testinal wall  and  art^  carried  to  variuus 
parts  of  the  system,  iMu bedding  them- 
stdves  especially  in  the  nniscles,  where 
they  unnergo  further  changes.  Here 
tlie  organism  (*oils  itself  and  becomes 
surrtunnled  with  a  cajjsnie,  which  is  at 
first  transjiareut,  but  may  subse<|iiently 
nndergn  ealcan  oils  change  antl  become 
opaque  (Fig.  ll^ll). 

Tricliiuelhcarc  acquired  by  man  by 
eating  inipn>perly  C(X>ked  ham.  The  ca|)snh^saiv  digested  and  the 
larval  Irichinellfie  set  Iree.     In  the  small  intestine  thev  reach  their 


Fio.133.— Tri*^hlrien(i-ciit«»iilewith 
tts  connec'tivt'-U*sut'  coverinj? :  «, 
early  sUise;  6*  cnlclfled  (Leuclciin). 
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maturity  in  abuut  three  tJays ;  here  impregnation  takes  place^  after 
whirl  I  tlio  ma  Irs  *Ue,  wliile  the  females  either  bore  more  or  less 
deeply  into  the  villi,  or,  hv  way  of  the  glands  of  Lieberkiihn, 
penetrate  the  mnrons  me mh nine,  and  so  rt-aeh  the  lymj>hatic 
spaees  where  they  dep<jsit  their  young.  These  are  disseminated 
tfirougliout  the  hody  hy  their  own  migrations  or  by  means  of  the 
ly  m  I ) h  a ti d  h  1  ih  id  -st  rea m h. 

The  tavorite  seat  is  tlie  striated  musele-tissne,  and  they  lie 
within  the  mnsele-bnndles  t!iems*'lve>i  or  less  frequently  between 
them.  Tlun'  reach  their  destination  in  ten  days  alter  the  jn'imary 
invasion,  but  snbseciUent  erops  are  deposited  as  the  yonng  eontinne 
to  mature  in  tlie  intestines.  In  two  or  three  weeks  they  l>egin  to 
berome  eneysled  in  the  nmscles,  where  they  remain  alive,  eapahle 
of  develo[)niej)t  for  naniy  years. 

When  the  embryos  are  liberated  in  the  stomaeh  and  intestines 
they  oeeasion  violent  g-astm- intestinal  irritation,  with  vomiting, 
diarrhea,  and  often  more  or  less  prononneed  eul!ai>se.  Jn  their 
later  migration  the  worms  set  up  intense  nniseular  pains  of  rheu- 
matoid eharaeter,  with  e<lematons  swelling  and  fever, 

Triehiniasis  is  e<jnnntai  in  all  jiarts  of  the  worhh  but  has  been 
la  rge  1  y  red  u  w'd  In*  g  rea  t  e  i*  *  'a  re  in  t  h  e  et  h  >k  i  n  g  of  |>or  k . 

ANKYLOSTOMUM    DUODENALE. 

The  Ankylostonmni  dmidenale,  or  Doehmins  duodenalis,  is  a 
cylindrieal  worm,  the  female  being  from  12  t*i  IM  nun.  in  length  ; 
the  male,  from  8  to  10  nmi.     The  head  is  rounded,  and  is  armed 


b    a 


Fte^  134.— Aukyiostomtim  rtuodenale :  a,  mule,  natnml  size  :  h,  fetnnle,  natural  sUe ;  r.  mate 
liuicnlf)<^<^  '  ^'.  fenmk  mairnirieci :  f ,  head,  grtiitely  iniigtiiftt  d  ;  /.  egicrs  (von  Jukscb). 

with  six  sharp,  liook-like  teeth.    The  iemale  is  usually  of  a  brown- 
ish or  reddish  color,  due  to  the  absorption  of  coloring-matter  from  the 
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blood.  The  eggs  are  easily  distinguished^  bring  elliptical -shaped, 
fmm  0.056  to  0.003  mm,  in  lengtii  and  0.036  iu  0.04  mm.  in 
tliiekuoss.  The  shell  is  st'|ximteil  iVom  the  coiitenLs,  and  the  latter 
have  a  gnimdar  apj>earaniTj  Jire  brownish,  and  in  a  ^tate  uf  seg- 
mentation. Tlie  eggs  nmy  a[)pear  in  the  stools  in  great  numbers. 
If  now  they  meet  witlj  the  proper  ctmditions  chief  of  whicli  are 
a  warm  elimatc  anil  damp  earth,  they  hatch  ont  and  the  active 
embryo  is  set  free.  It  mpidly  acquires  organs  of  digeation  and 
after  casting  its  skin  seveml  times  and  undergoing  other  evolution- 
ary changes  is  ready  to  re-enter  a  linman  host.  Loos  has  proved 
quite  conclusively  that,  white  the  organism  may  nirely  enter  tlte 
human  alimenUiry  canal  by  the  month,  the  prohuijle  method  of 
entrance  is  far  more  com  plicated. 

After  completing  its  exogenous  phase  of  developni(*nt,  a 
suitable  opportiniity  offering,  the  little  worm  |x*nct rates  the  skin 
generally  of  the  feet  an<l  legs  i>f  the  coolies  or  others  working  in, 
or  passing  through  the  contaminated  earth  in  which  the  anky- 
lostome  ova  had  Jjeen  |>reviously  de|K>sited.  The  embryo  enters 
the  skin  through  some  f<jlliele  and  thence  jmsses  into  a  bh>yd- 
vesstd  and  so  is  carrietl  iinally  to  the  lungs.  Here  it  leaves  the 
blood- vessels  and  undergoing  further  changes  to  enable  it  to  resist 
the  gastric  jiitec,  enters  an  air  vesicle,  jmssc^s  to  a  bronchus  and 
so  by  w^ay  of  the  trachea^  (esophagus,  and  stoniacli  iinally  arriving 
at  the  small  intestine.  Sexual  cluiracters  are  now  assumed  and 
reproduction  commences,  the  ova  falling  into  the  contents  of  the 
gnt  and  so  passed  out  in  the  stools. 

The  adult  worm  tnay  be  present  in  small  or  large  numbers, 
and  is  usually  rather  firmly  attached  to  the  mnccms  membrane^ 
Changes  in  the  latter,  however,  are  not  pnmouneed. 

The  raetfiwl  of  entrance  of  the  ankylostome  to  its  human  liost 
throws  important  light  cm  the  condition  known  as  "  coolie  itch  " 
or  "gi'<^^i'**l  itch  ■■  wliieh  often  is  a  forerunner  of  the  intense 
anemia  and  other  symptoms  tif  the  condition  known  as  Ankylos- 
tomiasis ;  *'ct)olie  itch"  is  a  sort  of  papuhnpustular  dermatitis 
generally  attacking  the  feet  and  legs,  anil  at  times  other  surfaces 
as  welt  of  the  coolie  laborers  on  plantations.  It  is  probably 
caused  by  the  passage  of  the  ankylostorae  erabryos  tlrrough  the 
skin,  Ankylotsomiasis  or  uncinariasis  is  characterized  by  severe 
and  intense  anemia,  abflominal  discomfort  or  pain,  general  wast- 
ing often  followed  Ijv  {leatli.  This  pirasite  was  also  found  in  many 
C4tses  of  Egyjitian  chlorosis,  and  was  the  canse  of  the  intetise 
anemias  (|R^rnicious  anemia)  of  the  laborers  engaged  in  building 
the  St.  Got t hard  tunnel. 


UNCINARIA    AMERICANA. 

This  parasite  is  shorter  and  more  slender  than  Ankylmiomum 
duodenakf  the  male  being  6  mm.  to  9  mm.  long  and  the  female 
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8  mm.  to  15  mm,  long.     There  are  also  minute  differences  in  tlie 

head  and  body  though  tlie  general  struetui*e  of  the  twtj  parasites 
i^  die  same.  Thr  ova  are  Jargt-r  tlian  Lho,se  of  the  A.  tiHotientih'f 
being  0,0t>8  mm.  in  h^ugth  and  UJI^jH  lum.  iij  lirLadth,  otherwise 
they  are  similar.  This  ibrm  has  Ijufu  found  esjKH'ially  in  tropical 
an<l  suhtropiail  Amerira  aiul  in  the  West  Imliau  islands.  The 
condititnis  produced  by  tlie  Auieriean  hook-wurm  are  sinular  to 
those  caused  by  the  old  world  ibnu  but  are  probal>ly  less  intense. 

STRONG VLOIDES   INTESTINAHS. 

This  parasite  t>eeurs  in  two  genei"atii.ins  or  types  :  thi*  parasit- 
leaK  in  wnieh  the  iudividual  i»f  female  habitus  re])reseut>  l*otli  sexen 
and  reprodni-es  by  purthenogenusis  ;  und  the  free  living  generatiniiy 
in  whieh  tlie  two  sexes  are  represented  by  different  individuals. 
The  parasitieal  generation  (Anf/Hli/ufa  uih^sfinafifi)  lives  in  tlie 
upjM'r  intestinal  tract  b(*ring  deeply  into  the  nuieous  membrane 
and  fretjuently  into  the  epithelinni  of  Iiiel>erkuhn*s  glands  both 
for  nourishment  and  ovi position.  This  form  is  2.2  mm,  in  length 
and  0.034  nun.  in  breadth  ;  tl*e  month  is  surrounded  by  four  lips, 
the  cesophugns  is  almost  cyliiidrieal  and  a  cjnarter  t!ie  hiigth  of  the 
entire  bmly  ;  the  eggs  measure  0,050  mm.  to  0.058  nun,  in  length, 
and  0,030  mm.  to  0X)34  nm».  in  breadth*  The  v^y^s  develop  in  the 
intestinal  wall  and  the  rhabditiforrn  kr%ie,  whieh  measure  0.2  mm. 
in  length,  reaeh  the  lumen  of  the  intestine  and  grow  to  double  or 
three  tinie^si  that  size  until  they  are  passed  out  wilh  the  feces.  With 
the  proper  temjieratnre  (2(Jto35^  C. )  tbt-y  devilo|i  in  ab*kut  thirty 
houi*s  into  the  free  living  generation  ( Anguillnla  stereoralis).  This 
form  is  sexually  dilfe rent iated  ;  its  body  is  smtupthaud  eylindrieat, 
with  pointed  tail  end.  The  mouth  has  fonr  distinct  lips  ;  the 
crsophaguH  is  sliort  with  a  double  (rhal>ditis-lifce)  dikition  ;  there 
are  three  small  erirved  spicules  at  the  liase  of  the  tail.  In  the  males 
the  posterior  end  is  rolled  up,  in  tlie  females  it  is  straight  and 
pointcsL  The  males  measure  0.7  mm.  in  h'ogth  and  0X>3o  nun. 
in  breadth.  The  females  measure  1  nun.  in  lengtli  and  0.05  mm, 
in  hreadth.  The  ova  are  thin  shelbnl,  yellowish,  and  measure 
0.07  mm.  in  length  and  0.045  mnu  in  Ijreadth.  The  eDd>ryo  as 
it  emerges  from  the  fg^  often  within  the  nterus  measures  0.22 
mm.  in  lengtli  an*l  resembles  the  parent  form.  After  growing  to 
about  0.5i>  mm,  in  length  it  moults  and  then  takes  on  the  ebar- 
aeteristies  of  the  jiarasitic  form  (Strongyloid  or  Filariform  larvie). 
In  the  Euro|>ean  strcmgyloides  the  free  living  generation  is  absent. 
This  may  also  be  true*  in  the  strongyloides  of  tropical  origin  where 
external  conditions  are  unfavorable  to  the  development  of  the 
rhaMitis  form. 

There  are,  as  has  been  mentioned,  two  methods  of  repro* 
dn<'tion  ;  that  by  direct  transfr*rmation  of  the  rliabditiform  larvm 
into  tilariform  and  then  into  a<lnlts,  and  the  indireetj  through  the 
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interniediate  geueratioi\.  By  this  arrangement  the  parasite  may 
reproduce  directly  if  extcvrnal  caruHtious  are  iiiifavorablt^,  and 
indirectly  when  oimditiuns  arc  favorable.  The  latter  method  seenif? 
to  be  more  eunnnon  in  I  lie  tropics  than  in  colder  countrre!*.  The 
adalt  form  alone  is  parasitic  in  the  true  sense;  the  other  form 
representing  only  a  stage  for  the  perpetuation  of  the  ,s]>e€i€*s. 
Unlike  the  aidcylostonic,  v^^s  of  strongyloides  are  rarely  found 
in  the  st4iolri  excepting  after  purgation.  Infection  i>robahly  occurs 
through  tiiiutcd  water  and  fiMjd,  but  recently  experiments  have 
bc^en  carried  ont  to  show  that  tlu*  embryo  muy  jjenetrate  through 
the  skin  and  thus  gain  access  to  the  bofly. 

Strongyloides  is  coninion  in  tropical  countries,  and  was  first 
discovered  iu  cases  of  Cochin  China  diarrbt^a.  It  is  probably 
capal>le  of  ea using  intestinal  irritation,  and  seems  rarely  present 
in  healthy  pcrsLai>,  bat  its  pathogenicity  is  still  uncertain.  It  has 
recently  been  discovered  in  the  United  States. 


TRICHOCEPHALUS  TRICHIURUS. 

The  anterior  portion  of  this  parasite  is  thin  and  thread-like, 
while  the  posterior  portion  is  tbicker.  The  lengtb  of  the  worm  is 
from  4  to  ">  em.,  tbe  male  being  somewliat  the  smaller.  The 
thicker  ]>art  of  the  male  is  curled  ni>on  itself  and  blunt  at  the 
end,  while  that  ^tf  the  female  is  straight  and  nion*  ]vointed.     The 
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eggs  are  %^ery  characteristie,  being  brownish  iu  color,  eo%^ered  with 
a  thick  capsule^  and  having  at  either  pole  a  button-like  projection 
(Fig.  118).  The  egg  is  0.050  mm.  Iot)»054  mm.  in  length  and 
0.02^  mm.  in  brea^lth. 

The  parasile,  commonly  known  as  the  '*  \vhi[>-worm,"  occupies 
tlie  ceciun  in  man,  fteeasionally  the  verm i form  appendix,  and  some- 
times the  small  intestine.  It  is  one  of  the  most  common  intesti- 
nal parasites  in  this  country  and  appears  to  he  well  distributed 
over  the  entire  surface  of  the  globe,  being  particularly  frerjiient  in 
children  in  Syriii  and  Egypt.  It  does  not,  as  a  rnk%  prLHluce 
serious  disturlmnce,  but  may  cause  intestinal  or  reflex  nervous 
symptoms.  Recently  it  has  been  claimed  that  the  parasite?  cause?* 
considerable  disturbance  by  abstmcting  bhwd. 
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FILARIA   MEOlNENSiS* 

The  Filaria  or  Jhaeujicniua  Jhtlitiefiah  i>j  a  round-worm  in- 
fostJiig  the  siibciitjuieous  tis?iue  and  the  skin.  The  iHule  ha.s  nut 
l>een  recognized  with  eertiiinty,  thougli  two  recent  observers  have 
found  a  sjnaller,  degenerated  antl  imrtly  ciileilied  form  in  assficia- 
tion  witii  the  feniiile  Hlaria.  TJie  female  isometimes  reaeliej*  a 
length  of  50  to  80  cm.;  it  ia  yellowisli  in  coh.>r  and  exceedingly 
elastic;  tlje  anterior  extremity  is  roundif^h,  the  posterior  terminat- 
ing in  a  spine.  In  geiiei-al  a[>iM*anince  it  resembles  a  string  of 
catgut*  The  body  of  the  worm  contains  a  highly  develojjed 
uterus,  which  practically  fills  the  cavity  of  tlie  W(inn»  the  intesti- 
nal tulte  being  crowded  tt>  one  side.  The  uterus  is  fonnd  to  con- 
tain innnmerable  small  ivmbryos  ;  these  escape  wlien  the  parasite 
is  rufvtured. 

The  process  or  place  of  impregnaiiou  is  unknown.  W  hen 
ovulation,  however,  is  complettHl  the  parasite  moves  down  to  the 
leg  or  ff>ot  (>f  her  ho^t, whence  she  will  lie  better  aide  to  deposit 
her  young  in  w;iter,  whieli  is  alisolutely  necessary  icir  their  develop- 
nK'iit.  Here  she  drills  a  small  Imle  in  the  dernuu  but  eh"es  not 
penetrate  the  epidermis.  Over  this  a  small  Idister  ur  l>Hlla  formiJ 
which  soiai  rujitures,  disehising  the  small  ojiening  in  the  center  of 
a  sup<?rficial  erosion.  When  the  host  now  enters  the  water  a  ]ior- 
tir>n  of  the  uterine  tnbe  is  forced  out  through  the  month  of  the 
worm  by  the  contraction  i*f  the  ninsculo-eutaneous  integun\ent  and 
ruptures,  setting  iVee  myriiids  of  the  embry**  worms.  This  is 
repeatetl  at  intervals  until  the  entire  nlerus  is  expelled  and  par- 
turition is  completed.  This  takes,  as  a  rule,  two  to  three  weeks. 
The  worm  now  dies,  and  is  expelled  or  pulled  out  bit  by  hit  or 
entire  w^ith  or  withrmt  suppnratitm.  Forcible  attempts  at  removal 
of  the  worm  from  the  tissues  may  result  in  its  niprure.  tbns  setting 
free  milhons  of  embryos  in  tlie  tis.snes  wht^sc^  presence,  associated 
with  suppuration,  which  risnally  follows,  results  in  a  condition  of 
consideraljle  danger  to  the  patient.  It  is,  therei'ore,  better  to  wait 
until  parturition  isconipleted  before  attempting  removal  ofthc  worm. 

The  embryos  having  been  deposited  in  the  water  take  np  their 
aljode  in  the  intern»ediarv-  host,  the  body  cavities  of  a  species  of 
Cyclops.  They  enter  by  penetrating  the  delicate  nicndirane  that 
unites  the  phites  of  tlie  ectoskeletou  of  tlie  erustaceaiK  Tlie  life 
histor)^  from  here  on  is  a  blank.  It  has  been  thought  that  after 
projXT  develo])ment  the  parasite  m  swallowed  in  drinking  water 
while  still  in  the  Imdy  <tf  the  crnstacean,  or  it  may  be  after  it  has 
escaped  from  this  intermediary.  Or  it  may  obtain  entrance  to  its 
human  host  by  Imring  its  way  tliriiugh  the  skin. 

The  organism  occurs  very  alinnduutly  in  tropical  countries  of 
the  old  world,  notaldy  Arabia,  along  tlie  ct«ist  ofthc  Caspian  Sea, 
in  Abyssinia,  and  tjuinea.  The  parasite  is  sometimes  called  the 
Guinea- wonn. 
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FILARIA  BANCROFTI. 

Several  varieties  of  filariae  have  been  found  in  the  blood  and 
are  included  under  this  generic  term.  The  discovery  of  the 
organism,  or  rather  of  the  embryos,  was  made  by  Wucherer,  in  a 
case  of  hematuria. 

The  embryos  of  FUaria  Bancrofti  or  F.  sanguinis  hominis 
appear  in  the  blood,  urine,  the  lymph,  and  the  tissues  as  thread- 
like structures,  varying  in  size  in  tlie  different  varieties.  The 
ordinary  form  has  a  thickness  of  about  the  diameter  of  a  red  cor- 
puscle, and  is  as  much  as  0.13  to  0.30  mm.  in  length.  It  consists 
of  a  transparent  sheath,  almost  completely  filled  with  the  embryo, 
the  ends,  however,  projecting  a  little  beyond  the  organism,  in  a 
sac-like  fashion  (Fig.  136).  The  embryo  is  actively  motile, 
squirming,  thrashing,  or  curling  and  uncurling  itself  rapidly,  and 
thus  producing  more  or  less  agitation  of  the  corpuscles  or  solid 
bodies  in  its  vicinity. 

The  number  of  the  embryos  found  in  the  blood  varies  greatly  ; 
in  many  cases  a  search  through  several  cover-glass  preparations 
may  be  necessary  to  detect  a  single  one.  Usually  they  are  more 
abundant.  A  feature  of  importance  is  that  they  occur  only  during 
the  night,  unless  the  patient  reverses  the  usual  conditions  and  rests 
during  the  day. 

The  adult  worms  occupy  the  lymphatic  channels,  the  male  and 
female  being  found  together.  The  male  is  colorless  and  measures 
about  40  mm.  in  length  and  0.1  ram.  in  thickness.  The  cephalic 
extreraiiy  is  a  little  thickened,  the  posterior  extremity  is  bent  and 
rounded  but  not  spiral.  The  female  is  brownish,  76-80  mm.  in 
length  and  0.2-0.3  mm.  in  thickness.  Both  extremities  are 
rounded.  Almost  the  entire  body  is  occupied  by  the  two  uterine 
tubes  in  which  may  be  seen  the  ova  and  already  developed  larval 
filarise.  These  enter  the  circulation  and  are  discharged  in  various 
ways,  especially  in  the  urine.  The  common  tropical  mosquito 
{Oalex  fatigam)  has  been  found  to  act  as  the  intermediary  host  in 
which  the  embryo  reaches  its  fuller  development.  The  embryo 
filariae  are  taken  into  the  midgut  of  the  mosquito  together  with  a 
certain  amount  of  blood  at  a  time  when  thefilarite  are  found  in  the 
peripheral  circulation.  Here  in  the  thickened  j)lasma  the  embryos 
are  able  by  their  active  movements  to  break  through  their  sheath. 
Now  by  means  of  a  short  delicate  spine  and  a  circle  of  hooked 
lips  at  the  head  end,  the  organism  bores  its  way  to  the  thoracic 
muscles  of  the  mosquito.  Here  in  the  course  of  one  to  three  weeks 
it  goes  through  a  series  of  changes  and  increasing  considerably 
in  size.  It  now  works  its  way  to  the  head  of  the  mosquito, 
and  finally  passes  down  into  the  labium  or  sheath  of  the  proboscis, 
where  it  awaits  the  opportunity  to  enter  a  human  host  when  the 
mosquito  next  feeds  on  man.  It  then  fiuds  its  way  into  the  lym- 
phatic trunks  where  the  sexes  come  together  and  the  youngare  born. 
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FilariasiS  i^  partiealarly  coninion  in  the  warmer  el i mates,  hut 
is  occasiomilly  met  with  in  tlii^  country,  especial ly  in  tlie  Southern 
Stat^.  Otie  nf  its  most  frequent  ibrniK  is  ehanieterized  el  in  teal  ly 
by  hemaiochyluria.     The  embryos  in  these  eai^ej^  may  l>e  iouo^I  in 
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i-]u,  i::.ri.  — i^iiarm  cmLryo.  sUive  ni  ihe  tulood  {t    V.  Henry). 

the  l>lood  and  also  in  the  chyhuns  urine.  Pat lio logically  no  gross 
ehaoges  may  lie  fmmtl,  but  there;  may  be  in  uther  cases  evident 
distentir^n  of  the  lymphatit^  channels  ami  bloiMl-vessels  of  the 
pelvis  of  the  kidneys,  ureters,  nr  bkidder ;  and  the  emlirvos  may 
\h*  found  hi  the  substance  of  the  kiflneys  or  Jii  the  walls  of  the 
hlrMHl-vessels.  Another  Ibrm  of  tilariasis  is  t'Icph(ttiiia,^i^.  In 
these  cases  there  is  ohstnietion  of  the  lymphatic  vessels  in  con- 
sequence of  the  pn^senee  of  the  parasites,  of  thrnmlii»  or  td  inflam- 
matory lesions  and  us  a  it\sult  of  these  conditiims  tlilatation  of  the 
periplieral  lymphatic  vessels  occurs.  Tlie  skin  may  be  riipture*l 
and  chvlous  liouid  niav  exude.  The  embn^os  mav  be  found  in 
this  on  micros<^<>]ui'  exannuatiou. 

Varieties.^Mausoa  has  desenbed  tln-ee  varieties  of  embryonal 
filuria^ — die  tjrigimil  tonn,  or  Fdann  noetnnta ;  a  second  varietv, 
in  wliicli  the  embiyns  are  found  at  any  time,  night  or  day;  ealli^l 
Juht/ift  pcfHtanH  chai^aelcrizcfl  nUo  by  its  small  hii^e  (t>/2  mm,  in 
length),  grt^at  motiHty  and  absence  of  :i  slieath  ;  tluit  he  believes  is 
the  cauhc  of  certaiji  skin  diseases  {Craw-(_Vaw)  of  Africa  ;  the 
adult  worm  is  unknown.  The  third  form  is  die  FUarm  (Uitrna^ 
whii'h   a|»|M*ars  lu  the   blooil  imly   diu'ing   tlie  dav.     The  last  is 

f>n>bably  the  embryo  of  Fiiun'ti  ioa,  a  ft>rm  iM-cnrriiig  in  the  eye, 
ying  under  the  etiujunctiva.  It  is  found  in  Africa  and  trt epical 
Amt  rir:a,  Mansou  believes  tliat  the  nuingrove  fly  is  the  itilernie- 
diary  liottt. 


OTHER    FORMS  OF  FJLARl^. 

The  Fiiaria  leniiti  was  fuuud  in  the  lens  in  a  case  of  eataraet. 
The  Fihtria  labiffUs  was  discovered  in  a  pustule  an  the  lip  nf  a 
si ut lent  in  Naples  ;  the  Fikiriu  fttmthifi^  orij^  was  found  liy  I^idy 
ir»  the  month  of  a  eliiid  ;  and  Fi/oria  in-ififonnu  was  found  in  the 
urine  of  a  jmtient  by  the  same  observer.  The  Filarki  hnmitia: 
IB  the  common  fiiaria  of  the  dog^  and  has  been  found   in  man. 
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The  FUaria  ozzardi  was  found  in  the  blood  of  Caribs  of  British 
Guiana.  The  FUaria  loa  is  confined  to  Western  Africa.  The 
FUaria  bronchialis  was  found  in  the  bronchial  lymphatic  glands  in 
a  case  of  phthisis,  and  has  also  been  found  in  the  trachea  and 
bronchi.  The  FUaria  Demarquayi  and  F,  Magalhcesi  are  forms 
whose  identity  has  not  been  sufficiently  established.  FUaria  con- 
junctivoRj  F,  lyinphatica,  and  F.  Romanorum-orientalis  are  others 
that  have  been  aescribed. 

ECHIN0RHYNCHU5   QIQA5. 

This  is  a  large  round-worm,  the  body  being  marked  by  distinct, 
transverse,  parallel  rings.  The  male  may  be  from  7  to  10  cm.  in 
length,  the  female  from  31  to  50  cm.  There  is  a  retractile  rostel- 
lum,  with  six  rows  of  booklets,  at  the  anterior  end,  each  row  com- 
posed of  eight  spicules.  The  parasite  occupies  the  small  intestine  of 
the  hog,  and  has  been  found  occasionally  in  man.  The  intermediate 
host  seems  to  be  the  grub  of  the  cockchafer  and  the  June-bug. 

Other  varieties  of  echinorrhynchus  have  been  described,  but 
are  not  well-determined  si^ecies. 

EUSTRONQYLUS  QIQA5. 

The  female  of  this  species  may  reach  a  length  of  1  m. ;  the 
male  is  but  one-third  this  size.  The  anterior  end  of  the  worm 
is  retracted,  and  the  mouth  surrounded  by  six  papillse.  The 
posterior  end  is  expanded,  and  provided  with  a  spicule  projecting 
from  the  cloaca.  The  color  of  tne  worm  is  brownish  or  blood-red. 
The  parasite  is  found  in  the  pelvis  of  the  kidneys,  ureters,  and 
bladder  of  dogs,  horses,  cattle,  and  other  animals,  and  rarely  in 
man.  Among  its  results  are  enlargement  of  the  |)elvis  of  the 
kidney  and  atrophy  of  the  kidney-substance. 

STRONG YLUS  APRI. 

This  parasite  was  found  in  the  lungs  of  a  child.  It  resembles 
the  strongyhis  met  with  in  the  lungs  of  sheep  and  other  animals. 

STRONG  YLUS    SUBTILIS. 

This  organism  has  been  described  by  Loos  as  being  found  in 
the  intestines  at  autopsy  of  natives  of  the  Egyptian  lowlands. 

TREMATODES.  OR    FLUKE-WORMS. 

Tlie  fluke- worms  are  usually  flattened  organisms,  somewhat 
tongue-shajKid  and  provided  with  powTrfnl  suckers  and  occasion- 
ally   with   booklets.     The    intestinal    canal    begins   in    the   oral 
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orifice  anteriorly,  but  m  cloKcdat  the  posterior  extremity.  Repro- 
duet  inn  may  Uikv  place  directly  ur  by  the  formatiim  ot'  iin  inter- 
me<liate  urt^anisni  wliieb  is  pamsitie  to  eeriuiu  lower  lUHmals.  In 
tlii^  jitage  tliey  are  aetively  motile,  swimming  about  in  water,  and 
are  known  as  the  cereariie. 


FASCIOLA   HEPATICA- 

The  Faseiola  he[Kitira,  (ir  livi'r-flnke,  is  from  15  to  35  mm,  in 
length  and  6  to  20  mm.  in  breadth;  it  is  jMnntr^l  at  either  end,  and 
anteritirly  is  provided  with  two  suckers* 
one  at  the  head  and  one  upon  tlie  ventral 
surtaee,  s*iniew liat  posterior  in  the  first 
(Fig.  137).  The  genital  jmre  lies  l)etween 
the  two  truckers.  The  eggs  are  oval  in 
shafw,  0.14  to  0.1 5  mm.  in  length,  and  pro- 
vided wnth  a  lid  at  one  pole. 

The  adnh  organism  neenpies  tbe  bibarv 
duets  and  is  a  fre*pujnt  pa m site  of  sheep. 
It  is  oecasionally  met  with  in  numj  usually 
oeenrring  in  e<msi<lerable  numbers.  It 
gives  rise  to  ifimt ruction  of  tbe  biliary 
jmssages  a nd  eonsecj  uen  t  e n  la  rgeme n  t ,  e<  m- 
gestion,  and  later  deg<*ueration  of  tbe  liver.  The  galbduets  above 
tbe  ]KMnt  i^f  obstructitui  have  sometimes  bcf'n  found  eonsi*lend)ly 
dilated  m'  eystie.  C'linieally  ascites  an*l  jiuindiee  have  been  found, 
with  gastro-intestitjal  symptfun^  and  faseiola-eggs  in  the  stools. 


Flu.  137  —Fasclola  Uf  iMUica 
tW(Klhir(i«   tbe    rmtunil    sixc 


DICROCffiLIUM    LANCEATUM. 

This  form  measures  from  8  to  10  mnh   in  length  and  2  to  2.5 
mm.  in  breadth.     The  two  suckers  are  far  ajiart,  and  tbe  genital 
pore    lies    between    tliem    (Fig.  138).     Tlie 
eggs  are  OJH  tnO.U;")  mm.  in  length  and  0.03 
mm.  in  breadth. 

This  parasite  is  frequently  ass»ieiated  with 
the  last,  and  weupies  the  biliary  passiiges  id' 
sheep  and  cattle.  It  is  oeeasionally  met 
with  in  other  animals  and  in  man. 


OPISTHORCHIS  FEUNEUS, 

This  form  varies  in  size  with  the  degree 
of  eontraction  but  \8  usually  8  to  11  unn. 
in  length  and  1.5  to  2  mm,  in  breadth, 
are  far  apart,  and  the  genital  pore  is  just  in 


Tic  \:^.—T>wfovfvUnm 
laru.ieiitiim ;  twi^thirtls  tht- 
natiiml  (>ize    (. Mueller    and 


The   two    «-uekers 
front  of  tlio  ventral 


362  TEXT-BOOK  OF  PATHOLOGY. 

sucker.  The  eggs  are  oval,  operculated,  measuring  0.03  mm. 
in  length  and  U.Ol  mm.  in  oreadth,  and  contain  a  ciliated 
embryo  when  deposited.  This  jmrasite  inhabits  the  gall  bladder 
and  bile  ducts  of  the  domestic  cat  in  particular,  but  is  also  found 
in  the  dog,  fox  and  man.  It  has  l>een  observed  in  France, 
Germany,  Russia,  Holland,  Italy  and  Japan. 

OPISTHORCHIS  SINENSIS. 

This  parasite  resembles  the  0.  felineus  in  shape  and  color. 
The  length  is  10  to  14  mm.,  the  breadth  2.4  to  3.9  mm.  The 
eggs  are  oval  witli  a  sharply  defined  oix»rculum  at  the  ])ointed  pole, 
they  measure  0.030  mm.  in  length  and  0.017  nnn.  in  breadth. 
This  parasite  inhabits  the  bile  duct^  and  gall  bladder  of  domestic 
dogs  and  cats  as  well  as  of  human  subjects.  It  is  found  frequently 
in  Japan,  also  in  China  and  India. 

SCHISTOSOMUM   HEMATOBIUM. 

This  organism,  sometimes  called  Bilharzia,  cxjcurs  in  sexually 
distinct  forms,  the  male  and  female,  however,  occurring  together. 
The  male  is  12  to  14  mm.  in  length  and  1  mm.  thick,  and  the 
body  back  of  the  large  ventral  sucker  is  somewhat  flattened  and 
curved  ventralward  to  form  a  groove,  in  which  the  female  is 
attached  (Fig.  139).  The  latter  is  16  to  1«  mm.  long,  and  0.13  mm. 
thick.  The  eggs  are  0.1 35  to  0.180  nmi.  long  and  0.055  to  0.060 
mm.  l)roa(l,  not  operculate<l,  and  having  a  spine  at  one  end  or  at 
the  side  of  one  encl.  The  adult  parasite  occupies  the  ])ortal  vein 
and  the  veins  of  the  spleen,  mesentery,  and  the  plexuses  of  the 


Fio.  139.— vSrhistosoraum  hematobium,  with  e^gs  (von  Jaksch). 

bladder  and  rectum.  The  eggs  of  the  organism  may  be  found  in 
any  of  the  organs,  notably  in  the  liver,  in  the  intestinal  walls, 
and  in  the  mucous  membranes  of  the  urinary  passages.  They 
probably  occupy  the  vascular  system  ordinarily,  but  cause  rupture 
of  the  walls  of  the  vessels  and  thus  escape  into  the  tissues. 

The  pathologic  changes  caused  by  this  parasite  and  included  in 
the  term  Bilharziasis  are  more  strikingly  seen  in  the  ureters  and 
bladder  in  acute  cases.  Hyj>eremic  spots  or  small  hemorrhages 
may  be  seen  in  the  mucous  membrane,  and  the  surface  is  covered 
with  blood-stained  mucus  containing  the  ege:s.  In  cases  of  longei 
standing  roughness  of  the  mucous  membranes  and  usually  small 
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ecohymotic  elevati«jns  or  outgrowths,  Hitggesting  pa|jillomata,  ai'e 
observed  (Fig.  140).  iSectifni  tlinnigli  the«e  shows  that  they  cou* 
Bist  of  prulifemted  cells  witli  enlarged 
bloml-vcs^^Ls,  from  which  the  adult  wunu 
may  be  removed.  The  tissues  siirruuinl- 
iiig  the  vessels  may  eoiituin  eggs  in  euc*r- 
luous  uiinibers.  The  mueous  nie nil) rune 
is  frequeiuly  eoveretl  witli  a  ealcareous 
deposit  c<tmpiHed  td^  urate  aiul  oxalate 
of  sodium,  and  the  exerescenoe,*?  luay  he 
converted  into  ciileified  jMdyps.  Among 
the  final  result.s  may  he  cieatrieiid  strict- 
ures of  the  ureter,  jnelitis,  and  distension 
of  the  pelvis  of  the  kidney ,  with  nti'<ifihy 
of  the  kidney-suhstauce.  Hi  in  i  hi  r  patht*- 
logic  processes  may  he  found  in  t!ie  rec- 
tum. When  the  portal  vein  is  txTupiefl, 
the  eggs  of  the  Bilharzia  may  beahunilant 
in  the  liver-substance.  Sehistns(»mura 
hematohiura  is  u  parasite  occurring  with 
enormous  frequency  in  Xorthcrn  Africa 
and  neighboring  (countries.  It  is  compara- 
tively rare  in  other  parts  of  the  world. 


Fig.  UO.^PApnUry  thicken^ 
liig  of  thti  mucouH  mcmbnuie 
Lit  Um  bludder.  i*h«>vvHig  schJfi- 
t<>si'iimini-4>uKs  in  situ  (MosKt 
am]  IViperi- 


SCHISTOSOMUM   JAPONICUM, 


Sp  jai>onictnn  c»r  S.  cattoi  has  recently 
been  discovered  in  Kiisicrn  Asia  and  Japan.  Tins  ]varasite 
inhabits  the  arterial  side  of  tlic  portal  system.  It  is  somewhat 
smaller  than  X  henmlobium^  and  the  male  is  distinguished  by  his 
uon-tubcreuhited  integument,  Tiie  ovum  has  no  spine,  is  regu- 
larly oval,  [lerfectly  smootli,  and  with  a  nnieh  tliinner  shell.  It 
rese  ni I > I cs  c  1  ( >se  1  y  the  o \  u  n i  of  A  n  !v  y  h  )s t o n » n m  il  % n  k Ic n a  I c .  ' f  h ey 
are  deposited  in  the  niucusa  and  stihrnucosa  of  tlic  large  an<l  small 
intestine,  cs{»eeially  the  former.  Vvmw  In^re  tliey  escape  with  the 
feces.  No  more  is  known  of  the  life  liistory  froni  tliis  jjoint  than 
is  the  «ise  with  theN.  hematobium.  It  causes  a  peculiar  kind  of 
chronic  enteritis  and  anenxiaj  associated  with  enlargement  of  the 
spleen  and  liver,  terminating  in  a  fatal  cachexia.  Cat^s  are  sus- 
cjeptible  to  this  parasite  as  well  as  man. 

PARAOONIMUS   WESTERMANNi. 

This  org:inism  is  Irom  H  to  10  nini.  in  length  and  from  5  to  6 
mm,  in  breadth.  The  eggs  are  hmwuishi  and  iroin  0.08  to  0.1 
mm,  in  length.  The  worm  occurs  in  the  lungs,  oecupyiug  exca- 
vated spaces,  usually  near  the  periphery  of  the  organ.  These  cav- 
ities contain  redtlish  or  quite  hemorrhagic  mucopurulent  liquid 


364  TEXT-BOOK  OF.  PATHOLOGY. 

and  abundant  eegs.  The  cavities  are  in  communication  with  the 
bronchi,  and  clinically  the  disease  is  marked  by  cough  and 
hemorrhagic  expectoration  or  even  repeated  hemoptysis.  The 
parasites  themselves  are  rarely  coughed  up.  The  small  tumors  or 
burrows  have  also  been  found  in  the  scrotum,  liver  and  brain. 
In  the  brain  they  may  give  rise  to  grave  nervous  symptoms  often 
simulating  those  of  intra-cranial  tumor.  This  parasite  occurs  very 
frequently  in  Japan,  China  and  Corea. 

OTHER   FLUKE-WORMS. 

Among  other  forms  of  fluke- worms  of  less  importance  are  Faeio- 
lopsis  buskij  met  with  a  few  times  in  the  intestine;  Cotylogonimus 
lielerophyes ;  Didoma  ophthcdmobiuin,  found  in  the  lens  of  the 
eye  ;  Opidhorchis  novercGy  occurring  in  the  liver ;  and  the  Mono- 
sioma  lentis,  occurring  in  the  eye.  The  Ga^trodiscus  hominis 
occurs  in  the  intestinal  tract.  Tavo  forms,  the  Hexathyridium 
venarum  and  Hexathyridium  pinguicola,  are  possibly  forms  of 
encapsulated  Fasciola  hepatica. 

ANNELIDES. 

Two  forms  of  leeches  are  of  some  pathologic  importance.  The 
Hirudo  Ceylonica  is  a  form  occurring  with  great  frequency  in 
Ceylon  and  other  islands  and  in  parts  of  South  America.  It  is 
found  in  vegetation,  and  attaches  itself  to  the  skin  of  the  legs  and 
to  other  parts  of  man  by  means  of  a  sucker  and  its  short  teeth. 
It  may  give  rise  to  painfid  ulcerations  when  removed.  The 
JRrudo  vorax  is  met  with  in  parts  of  Europe  and  Africa.  It  gains 
access  to  the  mucous  membranes  of  the  mouth,  larynx,  trachea,  or 
nasal  chambers,  and  leads  to  inflammatory  troubles.  It  is  not  able 
to  effect  a  lodgement  upon  the  skin. 

ARTHROPODIA. 

A  number  of  parasites  belonging  to  the  groups  Arachnoidea 
and  Insecta  are  met  with  in  man.     Most  of  these,  however,  are 

Surely  external  parasites,  and  are  fully  described  in  works  upon 
iseases  of  the  skin.  There  are  two  forms,  however,  that  merit 
brief  description  here :  the  Linguatula  Rldnaria,  ihn  larval  form 
of  Pentastonimum  tsenioidcs  ;  and  the  larvse  of  various  flies,  the 
presence  of  which  in  the  gastro-intestinal  tract  and  other  parts  of 
the  body  is  termed  myicms, 

LINGUATULA   RHINARIA. 

This  parasite  is  occasionally  found  in  the  liver  and  rarely  in 
the  spleen,  intestinal  walls,  lungs,  and  kidneys  of  man.  It  is  dis- 
covered in  small  nodular  lesions,  which  consist  of  the  more  or  less 
degenerated  parasite  lying  in  a  cheesy  or  semicalcified  material. 
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surrouiuled  by  a  fibroiiH  or  calcareous  capsule.  The  panisite  is 
fnjiu  4  to  T)  miiK  in  length  and  1.5  uiui.  iu  breadth  ;  has  a  rather 
rounded  biwly,  whlcli  is  eucireled  I»y  parallel  rm^n  armed  with 
spicules;  and  is  provided  with  two  pair8  of  stout  ehittnous  h(»ok- 
lets,  one  pair  lying  on  either  side  of  the  nioutli.  Tlic  adnlt  fonn, 
LlnffHtduia  rhimindy  re.senjbles  itH  larva  in  structure,  but  is  ecm- 
siderablv  larger,  the  male  being  from  IfJ  to  18  mm.  long,  the 
female  from  HO  to  100  mm.  This  form  h>dgc,s  in  tlie  nasal  cavities 
and  frontal  sinuses  of  the  dog  and  other  animals,  and  produces 
eggs  etnitaining  the  embryos,  which  tsseape  with  tlie  nasjd  secivtioii 
and  eventually  gain  access  to  the  alimentary  tract  of  other  animal?* 
or  of  man» 

POROCEPHALUS   CONSTRICTUS. 

This  speeies  has  lieen  iliseovered  in  man  in  a  few  eases,  and 
only  iu  Us  larval  form.  It  diffei>»  from  Linf/uafaiff  rhltiana  m 
being  larger  (in  to  14  mm.  in  length),  and  having  a  smoi>lh  snr- 
iace.  It  has  Ijeen  found  in  the  peritoneal  eavity,  intestines,  liver, 
and   lungs. 


MYIASIS. 

A  number  of  flies,  of  the  onlers  Efttridjt%  Musca,  Lueilia,  and 
8areopliag:i,  may  deposit  tlieir  eggs  in  woirnds  or  in  eavilies  nf  the 
hotly  to  wliieh  they  gain  aeeess,  sneh  as  tlie  nasal  ur  jiharyiigenl 
chanil»ers  ami  the  eomrminieating  jKisstiges*  The  eggs  so  dejw>sited 
are  hatched,  and  tlic  larval  insects  may  be  retained  and  may  occa- 
sioii  intense  irritation.  Sometimes  the  larva*  are  found  in  the 
gastro-intestinal  tract,  the  eggs  having  been  swaliowetl  with  ftxHl. 
Immense  numbers  may  be  disebsirgrd  fnnn  tlie  intestines,  and  in 
some  eases  the  larva^  seem  to  oeeasiou  intestinal  irritation.  The 
term  mi/ia^k  is  given  to  tiie  invasion  of  these  htrval  insects. 


PART   II. 
SPEOAL  PATHCMXX^Y- 


CHAPTER  I. 

DISEASES  OF  THE  BLOOD. 

ANATOMY. 

The  blood  is  m  liquid  tissue  con^iosed  of  corpuscles  or  cells 
nod  a  fluid  intercellulsr  sinhstance.  The  celL<  are  of  three  kinds : 
the  red  corpuscles,  or  eryihroeytts  ;  the  white  corpuscles,  or  leuko-- 
eylt^ ;  ami  the  blood-plaqtus,  or  hematoblaM^  The  fluid  element 
of  the  blood,  the  Hqucnr  wtt^gumUy  or  plafma.  is  an  albuminous  and 
saline  liquid  of  a  slightlv  >'aryine  composition.  The  blood  as  a 
whole  L*  refl  in  color,  rather  viscid,  and  alkaline  in  reaction.  The 
total  quantity  is  about  one-thirteenth  of  the  body-weight. 

The  erythrocytes,  or  red  corpuscles,  are  biconcave  disks 
avetaging  7  /t  in  diameter  and  having  a  yellowish  or  amber  color. 
They  anr  quite  uniform  in  size  and  regularly  rounded.  Histo- 
logically thfry  are  composed  essentially  of  an  albuminous  substance 
containing  hemoglobin  embedded  in  a  delicate  stroma.  The  hemo- 
gloliin  in  the  important  element,  and  constitutes  about  95  per  cent, 
by  weijrht  of  the  c-orpuscles.  In  early  fetal  life  most  of  the  red 
f:ffrimr^'U'^  arr-  nuch'ated,  but  the  nucleateil  forms  later  decrease  in 
numlKT  and  an-  comparatively  <canty  at  the  time  of  birth. 
Within  the  firht  few  months  of  post-fetal  life  all  of  them  dis- 
apjK'ar,  and  in  subsequent  years  nucleated  corpuscles  are  present 
only  in  ca«eh  of  di«ease. 

There  are  alxiut  o,rXK),000  corpuscles  in  the  cubic  millimeter 
of  the  blrK^l  of  normal  individuals.  The  figures  var^-  slightly  at 
different  time?*  in  the  same  individual,  and  numy  influences  con- 
tribute U)  the  ])roduction  of  more  lasting  changes  in  number  (see 
|>age  385).  The  volume  of  the  red  corpuscles  in  the  blood  is 
de[)f'ndent  u]K>n  the  number  of  corpuscles  and  upon  their  size. 
(>b.«er\'ers  have  reached  varjing  results  in  studying  the  volume, 
but  it  may  l>e  placed  at  between  40  and  50  j)er  cent,  of  the  total 
bulk  of  the  blofxl. 

The  leukoc3rtes,  or  white  corpuscles,  are  rounded  or 
spherical  IxKlieH  presenting  a  more  or  less  granular  appearance  in 
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the  fresh  state.  They  vary  In  ^ize  from  the  diameter  of  the  red 
corpuscles  to  seveml  tiiiiei^  the  mz^  of  the  latter.  The  leukoeytes 
are  identieal  with  the  lyriiph-eorpiiscles.  They  are  of  8c*veral  more 
or  less  distinet  varieties  ;  the  classilication,  however,  \^  exeeediiigly 
diffieiilt,  as  transitional  forms  are  ahiindant*  The  classification 
most  frequently  adopted  is  that  of  Ehrlich  aud  of  his  pupils,  and 
while  it  is  not  entirely  satisfactory,  it  has  one  advantage  over 
others,  viz.,  that  of  simplicity.     Ehrlich  distinguishes  (Fig.  141)  : 


^^  ^ 


Fio.  HL— Various  forma  of  blotKl-corrniniplfts :  a.  tyui^-hopyte;  b,  lyniphocy-te  Approacb- 
Jligf;  c.  l«rpe  iBonotiucllejir;  (i,  transitional;  r,  |rt4ynKirfthuiniekar  ntutrophile ;  /^  p*>ly- 
morpfriomiek^ftr  ernsinfiptille;  <?,  bnikeii  «o«Inoi»hilc;;  ft,  rieulropbilic  iiiyLifuytoi  i,  eodlno 
phlloua  myelocyte;  j;  twuiopliiie,  maat-cell,'  i,  red  corptJSfie»;  i,  iiuclcaU^d  rud  corpueclex. 

1.  Small  mononnclear  leukocytes,  or  Isrmptiocytes.     These  are 

smaller,  ahout  the  same  size  as,  or  slightly  larf^L^r  tlian  the  red 
corpuscles  ;  are  spherical,  and  «H»ntaiu  a  relatively  large  nucleus, 
the  protoplasm  ofteu  forming  a  sea  reel  v  vif^ihle  hantl  around  the 
nucleus.  The  latter  is  rich  iti  chroniatiu  ami  stains  deeply.  Sonit*- 
times  cells  considerahly  larger  than  tlie  typical  lymphocyte  may 
resemble  them  in  other  respects,  and  it  may  lie  ilifficult  to  deter- 
mine whether  these  are  lymphocytes  or  lar^c  mononuelt^ar  cells 
(Fig.  141,  //).  The  protoplasm  of  lymphocytes  normally  eon- 
tains  no  s^ramdar  matter  when  stained  hy  the  ordinary  methods. 
Det^p  staining  with  nietlivh'ne-hlue  with  the  ai<l  of  heat  docs,  how- 
ever, frequently  lead  to  the  detection  of  a  slightly  granular  char- 
acter in  the  protoplusm.  The  lymphocytes  constitute  *20  to  25  per 
cent,  of  the  normal  leukocytes. 

2.  Large  mononuclear  leukocytes.  These  forms  arc  larger  than 
the  lymphocytes,  being  from  two  to  three  times  tlu^  diatoetcr  <»f 
the  red  cells.  They  are  often  oval  in  ontline,  and  the  nnrlcus  is 
poorer  in  chromatin  than  that  of  the  lymphocyte,  so  that  it  appears 
comparatively  pale  in  the  stained  bloml.  The  protoplasm  is 
usually  free  of  granules,  hut  it  may  show  fine  and  very  pale  gran- 
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ules  when  stained  with  intense  basic  stains  like  methylene-blue. 
This  granular  condition  is  probably  due  to  staining  of  the  reticulum 
of  the  protoplasm. 

3.  Transitional  lenkocsrtes.  These  are  similar  to  the  last,  but 
differ  in  that  the  nucleus  is  often  a  little  indented.  It  is  very 
often  impossible  to  determine  satisfactorily  whether  a  certain  cell 
is  a  large  mononuclear  or  a  transitional  form,  and  the  two  may  be 
considered  as  practically  the  same.  The  protoplasm,  as  a  rule, 
contains  no  granules,  but  neutrophilic  granules  (see  page  369) 
have  occasionally  been  detected.  The  large  mononuclear  and 
transitional  forms  together  make  up  4  to  8  per  cent,  of  the  normal 
leukocytes. 

4.  Polymorphonaclear  lenkocytes ;  polsmudear  lenkocytes ;  nen- 
trophiles.  These  are  the  most  numerous  forms.  They  are  some- 
what smaller  than  the  large  mononuclear  elements,  and  are  dis- 
tinguished by  a  polymorphous  nucleus  which  is  richer  in  chroma- 
tin than  that  of  the  large  mononuclear  form,  though  i)erhaps  less 
rich  than  that  of  the  lymphocyte.  The  nuclei  are  elongated,  and 
variously  curved  or  distorted  so  as  to  resemble  the  letters  S,  U, 
V,  Z,  etc.,  and  in  some  cases  they  are  wreath-shaped.  Frequently 
parts  of  the  nucleus  are  so  thin  that  they  are  scarcely  visible,  or 
actually  become  broken,  and  the  term  polynuclear  was  therefore 
applied.  This  name  is,  however,  less  appropriate  than  the  term 
polymorphonuclear.  'The  amount  of  chromatin  in  the  nucleus 
varies  greatly,  and  the  size  of  the  nucleus  is  correspondingly 
variable.  The  protoplasm  usually  contains  fine  granules,  which 
are  closely  set  and  almost  completely  fill  the  cell.  These  granules 
have  a  strong  affinity  for  neutral  mixtures  of  anilin  or  other  stains, 
and  have  therefore  been  called  the  neutrophilic  granules  (see  page 
369).  The  polymorphonuclear  neutrophiles  constitute  60  to  70 
per  cent,  of  the  normal  leukocytes. 

A  small  proportion  of  the  poly moq)honucl ear  leukocytes  of  the 
blood  contain  eosinophile  grannies.  These  cells  are  usually  larger 
than  the  neutrophilic  forms,  and  the  nucleus  is  more  nearly  like 
that  of  the  typical  transitional  leukocyte. 

5.  Myelocytes.  These  are  large  cells  identical  with  the  large 
granular  cells  of  the  bone-marrow.  They  are  often  three  or 
four  times  the  size  of  the  red  cornuscles,  and  are  distinguished 
by  a  large,  pale,  oval  nucleus  generally  placed  dose  to  one  side  of  the 
cell.  The  pr()toj)lasm  usually  contains  neutrophilic  granules,  but 
occasionally  contains  eosinophilic  granules.  The  nucleus  is  fre- 
quently somewhat  irregularly  outlined,  and  not  rarely  suffers  de- 
generative change.  Smaller  cells,  resembling  the  typical  myelo- 
cyte in  the  diameter  of  the  nucleus  and  protoplasm,  are  sometimes 
observed,  and  are  difficult  to  classify.  Myehx'vtes  occur  in  ex- 
ceedingly small  numbers,  if  at  all,  in  normal  blood.  They  are 
abundant  in  certain  formsof  leukemia,  and  also  occur  in  pernicious 
anemia  and  various  infectious  and  svstemic  diseases. 
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The  *'  stJiniilation  forms"  of  Turok  are  probably  closely  related 
to  myelcMzytes,  though  they  differ  m  having  no  granules.  The 
nucleus  is  ovoid  and  the  protophism  mUier  deeply  s^taiuing,  Tlie 
ftppearance  of  the  cell  suggests  a  fusion  of  the  gninules  of  a  mye- 
locyte into  a  homogcneons  baud  surrounding  the  nucleus. 

The  following  varieties  of  leukoc>i:es  are  distinguished  by  their 
granulations,  rather  than  by  their  gross  morpholfigy.  They  will 
be  again  referred  to  nnde*r  the  discussion  of  granulations,  but  have 
such  <listinctive  ehamcters  that  they  are  enumerated  here  just  as 
they  are  usually  included  in  differential  counts. 

(J.  EosinopMles,  These  are  slightly  larger  than  the  polvmor- 
phonuclear  neutrophiies,  their  nuclei  are  polymorphous,  though 
Dot  so  much  divided  and  not  so  basic  in  staining  aflinity  as  the 
Duelei  of  the  nentrophile.  The  protoplasm  contains  large  granules 
which  stain  inten.sely  with  acid  stains.  They  constitute  1  to  4  per 
cent,  of  the  leukocytes  of  the  normal  b!of)d. 

7.  Basopliiles.  These  ar<'  polymorphonuclear  cells  the  nucleus 
of  which  stains  deeply  with  basic  stains.  Tin*  protoplasm  con- 
tains irregular  sized  granules  of  intense  basic  affinity.  About 
0.5  percent,  of  the  leukocytes  of  the  normal  blood  are  of  this  type. 
Granules.  The  granules  of  llie  leukocytes  are  classitied  aci word- 
ing to  their  behavior  with  the  anil  in  stains.  We  may  distinguish 
four  im|3«jrtant  type^  of  granules  {Figs.  141  and  142): 

L  a-gramiles,  eosinophile  granules,  or  DX^rplule  granules.  Tliese 
are  coarse  gran  ides  giving  the  appcamnce  in  the  unstained  blood 
of  minute  fat-droplets;  they  arc  Idghly  refractivCj  and  liave  been 
shown  to  be  comfKised  of  ulbuniinons  mate  rial*  Tliey  are  dis- 
tinguished by  their  strong  affinity  for  acid  stains/  aud  in  [larttcular 
for  eosin.  This  circumstiince  has  given  rise  to  the  name  e*isino- 
pliile  and  oxypliile  (Fig.  148). 

The  eosinophile  granules  in  the  normal  blood  fwcur  only  in 
[Xjly morplionuclear  lou koey tes, 

2.  ^-granules;  mast-celi  granules.  These  are  intensely  baso- 
philie,  caarse  gmnnles,  cK'curnng  in  mononuclear  cells.  The  mast- 
cell  is  identical  with  Waldt  yer's  |>lasnia-eell  of  the  tissues.  It  Is 
present  in  suimII  proportions  in  the  rK*rmal  Ido<Kl  (Fig.  142). 

3.  <?-graiiules  arc  fine  bte^philic  granules  rxieurri ng  in  the 
Ivmphocytes  or  large  mononuclear  cells  (Fig.  142). 

4.  e-granules;  neutrophilic  granules.  These  are  the  most  abun- 
dant  and  the  most  important  of  all  the  forms.     They  occur  as 

*  The  term  ncid  stnin  is  here  uae<!  in  a  »ense  somowhat  *lifferent  from  that  of 
the  chemisl.  A  Btain  in  which  the  aciiluloua  part  nf  the  compotind  carries  the 
coloring-principle  is  known  a^  an  acid  stain*  while  oiu^  in  which  the  basic  ele- 
ment ifl  the  staininp:-pr!ndple  is  called  hnBio,  For  example:  picrste  of  ain- 
mrmiiim  ia  an  acid  stjiin  tn-cause  the  picric  urid  is  the  staining-element.  Mixt* 
nre»  of  certain  acid  with  basic  stains  may  he  prepareil  so  that  tissue-elflmentii 
having  a  strong  acid  alHiiity  will  select  the  a«'id  Ktain,  thoiu?  having  &  basic  affinity 
the  basic  stain,  while  other  elements  without  such  apecial  affinity  rcr^ive  a  mixed 
or  neutral  stain.  It  h  prokd>ly  more  c*jrrect  to  regard  the  neutrophilemiiturea 
■0  weakly  oxyphile. 
24  ' 
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fine  gn&naLilioiis  filling  up  the  protoplasm  of  the  polymorphous 
oelk,  and  diey  are  occasionally  present  in  transitional  leukocytes. 
They  are  dktingni^hed  by  their  affinity  for  the  neutral  mixtures 
of  Ehrlich  (Fig.  148).  It  must  be  recx>gnized,  however,  that  these 
granules  are  in  rtjality  faintly  oxv-philic,  receiving  the  aeid  s»tainSy 
fsuch  as  eosin  or  acid  fuchsin,  mure  readily  than  oasic  stains.  In 
a  few  instances  1  have  found  them  distinctly  basophilic. 

The  Tialure  of  the  grunuloi  of  the  blood  is  ?>till  obscure.  They 
are  undoubtedly  connected  in  some  way  with  the  specific  function 
of  the  leukocytes,  but  whether  they  are  specific  cellular  secretions 
(Ehrlich)  or  essential  anatomical  structures  (Altmann)  is  unknown. 
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Tva.  1421— Leu kocyies,  showing  various  fbrtni  or  emnulaiionB ;  a.  Neiuaer's  bMoptdlle. 

rrinuclejir  ^ninule* ;  h,  large  mononuclear  cetl*  with  igmnul^s ;  c,  mastccU  f^ranules: 
baaophllic  l>  niptiucytes*  A-gratiiUes ;  the  JiUin  in  h,  c,  und  d  was  a  mixture  of  eosln  and 
llflmatuxylm,  the  cover-glMfi  being  kept  in  the  stain  several  tioun  at  37^  C«  (S6.G°  F.), 

The  chemical  compositioii  of  tlie  leukocytes  is  of  considerable 
importance,  Init  is  diffieolt  to  <l(*terniiiK^  inm\  the  iniiw.ssiliility  of 
olibiiiiin^  large  numbers  free  from  otiier  elements.  It  is  known, 
however,  that  tliese  cells  contain  among  other  bodies  leukonuclein, 
histon,  lecithin,  and  cliolesterin.  They  also  eon  tain  more  or  less 
abundnntly  glycop:eii  and  fats  ;  and  sidiiie  constituents  including 
potassium  salts  in  partictdan  Tiie  teukonuclein  is  a  combination 
of  the  phosphorus^containing  niieleinie  acid  and  an  albumin.  It 
is  presrf'Ut  in  the  nuclei  of  nu(dcate<l  red  corpuscles  and  in  other 
nucbvi,  but  espet^ially  iix  those  of  the  leukocytes.  It  is  more  or 
less  intimately  e<uubined  witli  histon,  a  body  rescndjiiug  the  albu- 
moses. 

The  number  of  leukocytes  iu  the  normal  blood  varies  consider- 
ably.    The  average  number,  however,  is  probably  between  6000 
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and  8000,  Alterations  in  the  number  under  various  circumstances 
will  be  discussed  below. 

ProportiQiis  of  the  Different  Forms. — Tlie  relative  proportions 
("differential  count '^)  of  the  different  leukocytes  are  determined 
by  counting  large  numbers  anc!  calculating  the  percentage  pro]K>r- 
tiou  of  each  form.  Approxiniatidy  t  lie  re  are  20  to  30  per  cent, 
lymphocytes,  *iO  to  70  per  cent,  {xilyniorphonuelcar  tbrnis  (ueu- 
trophiles  and  eosinophiles),  4  l«  8  per  cent,  transitional  and  large 
mononuclear.  About  1  to  3  per  cent,  td'  all  the  leukocytes  coq- 
tain  eosinopliile  granules,  and  occasionally  a  larger  pniportion  is 
met  with  in  normal  hhitxl.  About  0.5  j>er  cent,  of  the  normal 
leukocytes  arc  basophilic. 

Blood-plaqttes. — These  are  small  disks  somewhat  resem- 
bling tlie  red  corpuj^cle.s,  though  smaller  and  without  the  eharac- 
teristie  bieoneavity  of  the  latter.  They  rarely  exceed  3  /i  in 
diameter,  and  are  often  much  less.  They  are  viscid,  and  tend  to 
adhere  to  the  other  corpuscles  or  to  become  agglntinated  in  clusters. 
The  total  number  has  been  estimatc<l  at  from  150,<K>0  to  50t>,()00 

Eer  eul>ic  millimeter.  The  tenn  hematoblast  was  applied  by 
tavern  in  the  belief  that  the  plaques  are  the  progenitors  of  the 
red  corpuscles,  liec^nt  iuvestig;itions  make  it  seem  probable  that 
the  plaques  are  formed  by  fragmentations  of  the  red  corpuscles. 
Some  authors  claim  that  tht*y  are  nucleated.  It  is  clear  that  dif- 
ferent structures  have  been  destTibcd  as  plaques. 

The  plasma  of  the  blood  is  an  albnmiuous  liquid  containing 
serum -album  in  and  serum-globulin  and  various  saline  compounds. 
The  relative  pro[>ortion  of  seTum-glolmlin  to  scrum-albumin  is  as 
1  to  1  or  1:^.  Of  the  saline  constituents  sodium  salts  are  most 
important,  the  phosphates,  carbonates,  sulpluites,  and  chlorids 
being  most  abundant.  Various  other  nitrogenous  and  non-nitro- 
genous substaners  are  presient  in  small  prop<jrtions.  Reference 
will  be  made  to  some  of  these  below. 


BLOOD-FORmATION. 

The  process  of  blood-formation  is  still  obscure  in  some  particu- 
lars. In  early  fetal  liie  blooiUxirpnscles  are  undoubted ty  formed 
in  the  mesoldastic  columns  in  which  the  blotKl-vessels  are  devel- 
oped. At  a  later  stage  the  liver  is  active  in  their  production. 
Subsequently  the  spleen  and  the  bone-marmw  scom  to  assume  the 
principal  rSie.  According  to  Neumann  an*I  liizzozero,  the  red 
corpuscles  are  developed  from  nucleated  hemoglobin-rontaining 
ce lis  of  the  I >one-m a r ro w ,  w h  i c li  lose  t h t •  i  r  nuclei  I )y  a  p nw ess  of 
grndnal  disintegratiriu,  Otiicrs  have  held  that  tlie  nuclei  are  ex- 
truded from  the  nucleated  eelL  According  to  these  views,  all  of 
the  red  corpuscles  are  derived  from  nucleated  red  cells,  or  ertfth- 
rMa^iM,  Other  observers,  however,  liolil  that  the  red  corjniscles 
and  leukocytes  originate  from  a  common   pareut-cell  free  i'rom 


372 


TEXT-BOOK  OF  PATHOLOGY. 


hemoglobin.  This  parent-ciell  gives  rise  to  two  series  of  dc 
ante;  one  series  contain] Dg  hemc»gIobin  and  leading  to  the  formation 
of  red  eoq^uscles,  while  the  other  series  is  free  from  pigment  and 
formj*  the  leukocytes.  The  principal  place  of  formation  of  the 
red  rorpui5<:»le%  during  adult  life  J^eeras  to  be  the  bone-marrow,  but 
the  spleen  and  the  lymphatic  tisgues  probably  also  play  a  P&it. 
French  writers,  followiug  Hayem,  hold  that  the  progenitor  of  the 
red  coq>u5cle  is  the  blood-plaque»  This  view,  however,  is  not 
sustained  by  sufficient  evidence. 

The  leukocytes  undoubtedly  originate  in  the  lymphoid  collec- 
tions of  the  lx>ne-raarrDW,  the  lymph-glands,  and  spleen.  Accord- i 
ing  to  some  autliorities,  they  all  originate  in  one  mother^cell,  the' 
different  types  \mng  derived  one  from  the  other.  This  view, 
however,  is  combat^^d  by  many  investigators  who  claim  to  have 
proved  the  separate  origin  of  the  different  types  Irom  distinct 
parent  cells.  The  latter  position  is  gaining  ground,  but  still  lacka 
proof. 

PATHOLOGIC  CHANOBS  IN  THE  RED  CORPUSCLES. 

The  size  of  the  red  corpuscles  varies  in  diseases  of  different 
kinds.  The  term  anisoctfimis  has  \wqi\  suggested  for  this  irregu- 
larity. There  may  be  dwarf  corposeles,  2  to  4  or  5  //  iu  diameter 
(microci/t^s)  ;  or,  on  tlie  t>tlier  liaud,  giant-cells  {ineffalocifUitU  from 
9  to  15  ti  nr  even  20  /i  in  diameter.     The  small  forms  frequently 
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Fio.  na.— Blood  from  a  cue  of  pernicious  Anemia  t  a,  megnlocftes;  h.  mlcroeyt«B{  c,po|> 
kllocytci  ;  cf«  oucleatiHl  erythrocytes;  t,  ncinnal  enrthrocjteH ;  /  leukocTtes. 

have  a  sphericat  shape  rather  than  the  disk-like  form  of  the  nor- 
mal corpuscle,  and  may  be  deeply  pignieiitod.  The  large  corpus- 
cles are  often  irregular  in  shape,  and  are  prone  in  he  paler  and 
more  btisie  than  normal  corpuscles,  and  usually  appear  without 
the  concavity  of  the  iionoal  cell  (Fig*  143).  Some  observers  have 
found  that  the  average  size  of  the  red  eorpuscle  is  greater  in  certain 
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diseases  than  in  health.     This  is  probably  the  result  of  hydropic 
conditions. 

The  shape  of  the  corpuscles  often  suffers  great  change,  and 

many  forms  of  irregularity  may  be  observed.  The  term  poikUoci^- 
tosis  is  applied  to  this  condition  (Fig.  143),  Some  of  the  poikilo- 
cytes  may  be  exceetlingly  small  and  may  present  active  movements. 
These  have  been  termeil  pseudobacilli  by  Hay  em.  These  clianges 
of  form  in  red  corpuscles  are  regarded  by  many  authorities  to  be 
the  result  of  degenerative  changes  in  the  protoplasm  with  conse- 
quent ameboid  movement  which  occasions  irregular  projections. 
The  small  forms  are  doubtless  in  mmiy  cases  the  result  of  frag- 
mentation. EhrlJch  used  the  term  schistocyte  to  indicate  this  fact 
Dilst-corptiBCles. — MuUer  recently  described  certain  small 
spherical  bodies  somewhat  resembling  the  leukocytic  granules,  but 
lying  free  in  the  plasma  and  often  actively  motile.  These  he 
termed  kernokouife^  or  dust-corpuscles.  They  occur  in  normal  bl(X>d 
as  well  as  in  that  of  various  diseases.  A  number  of  theories  have 
been  ytU't'ed  regai'diiig  tlie  tiature  of  these  bodies.  Honie  authors 
rfgarit  them  as  extruded  ieukoeytic  granules ;  otliers  as  portions 
of  protoplasm  of  the  leukocytes.  My  own  belief  is  that  they  are 
fragments  of  red  corpuscles^  similar  to  those  that  may  be  producetl 
by  heating  fresh  bh^od  under  a  cover-gluss  to  destruetive  tempera- 
tures. Under  these  circumstances  small,  bud -like  ]>rocesses  are 
formed  on  the  periphery  of  thv  red  corpuscles,  and  some  of  these 
may  break  off  :md  float  free  in  the  plasma. 

Visible  ameboid  movemeiits  may  sometimes  be  observe*! 
under  the  microseupe,  especially  in  severe  anemias,  such  as  per- 
nicious anemia- 
Nucleated  red  corpuscles,  or  erythrablasts,  occur  in  the 
severe  anemias  as  in  tlie  fetal  blncKL  Ttiev  are  more  freoueiit  in 
the  severest  cases,  and  in  particular  in  the  anemias  of  children. 
Some  are  exceedingly  small  {microbkisiH}^  some  about  the  size  of 
the  normal  red  corpustde  {fionnobkist^\  aud  some  large  and  irregu- 
lar (m/yafoWox^/r).  The  stained  nueleusof  the  normoblast  is  darker 
and  more  compact  than  that  of  the  megaloblastj  and  is  often  near  the 
p*_' ri  p he ry  o f  t h e  cc II  or  a ]>pu re u  1 1  y  [)a r 1 1  y  ex t  r u d ed .  The  smaller 
ibrms  appear  first  and  in  the  more  moderate  anemias;  oeeasioually 
they  ociiur  in  great  numbers  or  crops  from  time  to  time  (hfomi- 
ctiaes).  Degenerations  of  nucleated  red  corpuseles  may  occur,  and 
very  frequently  an^  seen  in  the  circulating  erythroblast.  The 
usual  forms  are  karyolysis— solution  of  the  chromatin  ;  karyor- 
rhexis — fragmentation  of  the  nueleus;  and  pyknosls— clumping  or 
condensation  of  the  nuclear  structure,  (iranular  degenei'atioUj 
vaeuolatiou,  and  nuclear  atrophy  also  occur, 

Karyokliietic  figures  are  mx^asionally  seon  in  the  nuclei  of 
eryth  rob  lasts,  in  pernicious<iuemiaJn  lenkemiaj  in  dibothrioeephalus 
anemia,  and  in  certain  anemias  of  children. 
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Shadow  corpuscles  arc  red  corpuscles  that  have  lost  their 
color  aloufst  eonipletoly  and  an*  scarcely  visible.  They  may  be 
obm^rverl  ill  severe  anemias,  and  especially  in  cases  of  intoxication 

with  blood*poi«ons. 

Ring  Bodies. ^Cabot,  by  means  of  Wright's  niodifieaticm  of 
Leishniarrs  >?tain»  has  ilemunstrated  in  the  red  eel  Is  of  anemic  bloo*l 
tlie  presetiee  of  ring  b(j<lies  wlneli  he  is  inelinetl  to  Ijelieve  repre- 
sent the  remains  of  a  previnii^ly  rxisting  nucleus. 

They  were  found  in  three  ease.s  of  pernicious  anemia,  three  of 
lead  poisoning,  and  one  of  lymphatic  leukemia,  in  all  uf  which  nor- 
moblasts were  also  ftmnd. 

The  rini(s  appear  to  be  made  up  of  a  series  of  grannies  in  sr)me 
cells,  ill  some  others  of  a  continuous  line.  They  usnally  stain  red, 
though  blue  is  not  unconimon. 

FolyclironiEtOpllilia., — ^The  n<>rmal  red  eorpusele  [las  a  s}>e- 
cial  affinity  for  aeitl  stains.  In  iltseased  com  lit  ions  it  may  develop 
an  affinity  for  basic  stains,  and  when  colored  witl*  mixtures  of  acid 
and  basic  stains  may  present  tints  eumljiuing  all  the  stains  employed. 
Thus  in  staining  with  eosin  and  hematoxylin  the  degenerated  cor- 
pnsi'les  may  present  a  purplish  or  violet  color,  instead  of  a  pink. 

Vacuoiation  and  pigmentatiott  of  the  red  corpuscles  are 
rare  forms  of  degeneration.  The  pigmentation  is  due  to  separa- 
tion of  tile  hemoglobin  in  the  fiirm  of  irregular  granules. 

Basic  degeneratioil  is  a  form  of  degeneration  in  which 
minnte  or  mther  ct^arse  granules  that  stain  with  certain  basic  stains 
are  found  in  the  substance  of  the  red  corpuscles.  The  uumber  of 
granules  in  the  cell  may  be  small  or  large  ;  the  cell  may  bo  other- 
wise little  altered  ;  it  may  be  polychromatophilic.  The  con- 
dition has  been  found  in  various  diseases,  such  as  leukemia, 
perniciijus  anemia,  and  malaria,  l>ut  is  most  frequent  in  lead- 
poisoning. 

Alterations  of  Isotonieity.— All  tbrms  of  cells  have  cer- 
tain osmotic  relations,  in  eonsequence  of  which  they  retain  their 
constituent  elements  in  the  presence  ijf  surrounding  liquids  of 
certain  kinds.  If  the  osmotic  relations  vary  or  tlie  surronndiug 
liquids  are  altered,  the  constituents  of  the  cell  may  be  extruded* 
In  the  case  of  bkMxl-torpus*jIes  distilled  water  rapidly  abstracts 
the  hemoglobin  and  other  substances,  but  saline  solutions  of  cer- 
tain strengths  do  not  so  afteet  the  corpuscle,  Tlie  exait  strength 
of  a  certain  sidine  solution  may  be  determined  which  will  preserve 
the  corpuscle,  and  this  is  knuwn  as  the  isotonic  strength  of  the 
cori>uscle  expressed  in  percentage-terms  of  the  saline  used.  De- 
generated corpuscles  more  readily  yield  their  constituents,  and  the 
isotonic  saline  solution  is  therefore  of  higher  percentage.  In 
normal  blood  the  isotonic! ty  of  the  red  cor|JUscle  is  general ly  0,46 
to  0.48  per  cent.  NaCl  ;  that  is,  solutions  of  eoinmon  salt  of  this 
strength  do  not  affect  the  red  corpuscles.  In  anemic  diseases  the 
isotonic  solutions  may  be  from  0,5  to  0.6  per  cent. 
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PATHOLOGIC  CHANOES  IN  THE  LEUKOCYTES, 

Very  frequently  degenerations  of  the  nuclei  of  the  leukocj'tee 
are  observed  in  the  form  of  fragmentations  or  karj^olytic  change. 
Attention  has  recently  been  called  (Neiisser)  to  the  presence  of 
basophilic  granuIcH  iiboiit  the  nucleus  in  certain  forms  of  disease, 
such  as  lenkeniia,  gout,  and  litheraia  In  its  widest  sense.  These 
grannies  are  supposed  to  be  significant  of  disintegration  of  the 
nuclei  in  the  process  of  uric-acid  formation.  Their  nature  and 
significance,  however,  are  unsettled.  Occasionally  vacuolization 
and  fatty  degeneration  of  leukocytes  are  observetl,  and  sometimes^ 
aa  in  infectious  fevers  and  in  suppuration,  glycogen  may  be  found 
in  abnormal  quantities.  In  cover-glass  preparations  the  leuko- 
cytes are  s^raetimes  found  broken  or  fragment^l,  or  fenestrated, 
basket-like,  palc'Staining  forms  are  seen.  The  latter  doubtless 
occur  to  some  extent  in  the  circulating  blood  and  are  frequently 
spoken  of  as  **  leuki»cytic  ahadows/' 

/of/opA//fViv— This  term  is  ajvplied  to  a  condition  of  the  blood 
in  whieli  there  are  fonnd  in  the  leukocytes  or  the  plasma  granules 
that  stain  with  iodin  like  glycogen.  The  term  "  glycngcnie  reac- 
tion*^ was  formerly  applietl,  though  recently  some  question  has 
arisen  as  to  the  glycogenic  nature  of  the  granules  in  question. 
The  leukocytes  involved  in  this  form  of  granulation  are  chiefly 
the  polymoqvhonuclcar.  Basojdiilic  leukocytes  may  l>e  afFectetl, 
but  never  the  eosinopliiles*  The  intracellular  material  is  found 
in  the  form  of  small  granules  of  regular  shape  and  size,  which 
stain  a  yellowi^h-red  or  brown  color  with  iodin.  Less  commonly 
the  leukocytes  may  be  diffusely  stained,  the  granules  being  wanting 
or  so  small  as  to  be  indistingnishablc  as  granules.  The  cxtra- 
corpuseular  granules  are  found  in  more  advanceil  cases.  They 
resemble  the  intnicorpuscular  granules  in  aj>pearance. 

The  signifieance  of  ioilophilia  has  ntvt  l>eeu  positively  deter- 
minerl.  The  <THiilition  is  fiund  in  association  with  leidiocytosis 
or  less  commonly  iu  the  absence  *if  leukocytosis,  but  it  bears  no 
quantitative  relation  to  the  degree  of  leukocytosis.  It  has  been 
found  in  vari^ius  forms  of  toxemia,  in  grave  anemias  due  to  loss 
of  blooil  or  to  other  causes^  in  fevers,  and  in  various  other  con- 
ditions. 

The  blood-film,  without  previous  fixation,  is  etained  with  iodin 
and  iodid  of  potash  in  a  gum-arabic  solution. 


PATHOLOGIC  CHANGES  IN  THE  PLASMA. 

Various  disorders  of  the  plasma  have  been  studied.  These  are 
raaialy  of  a  chemical  sort,  and  consist  of  the  presence  of  abnormal 
substances  or  of  normal  constituents  in  excessive  quantity.     Urea 
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ift  pr^a^m  in  large  quaothies  in  somecases  of  nephritisand  omnia, 
and  ddcT  antborhies  believed  the  srmptonis  of  memia  due  to  the 
presence  of  this  sobstance.  This  view  is  no  loi«r  held.  Uric 
acid  occurs  in  small  quantities  in  health ;  but  in  large  quantities 
in  some  cases  of  gout,  fenkemia,  in  some  forms  of  lenkocytosisy  and 
other  disorders  of  the  blood.  The  xanthin  bases  mav  be  present 
in  considerable  quantities  in  die  same  cases.  Gljoogen  or  grape- 
sugar  is  found  in  excessive  quantities  in  diabetes  and,  according  to 
hotne  observations,  in  cases  of  carcinoma.  Levuloee  and  other 
carijohvdrates  are  rare  constitueots  of  the  plasma.  Fatty  acids 
mav  be  present  in  leukemia,  diabetes,  acute  vellow  atrophv  of  the 
livfrr,  aini  some  other  diseases.  The  quantity  of  sodium  in  the 
pla«ma  increases  in  anemic  diseases. 

Certain  changes  occur  in  the  plasma  or  gerum  in  anemic  dis- 
eases, as  a  result  of  which  the  globulicidal  character  is  increased. 
The  nature  of  these  changes  Is  obscure.  The  presence  of  toxic 
substances  the  result  of  b^terial  action  is  referred  to  in  the  dis- 
cossion  of  bacteria. 

/i^7ip€r((miedy  of  fA^  Mrum  is  a  term  indicating  that  t^^ 
the  plasma  or  serum  is  such  that  the  blood  may  be  somewhat  diluted 
without  destruction  of  the  corpuscles.    By  graduated  dilutions  the 
degree  of  hypertonicity  may  be  estimated,  «md  is  found  less  in  cer- 
tain diseases  than  in  health  (see  Isotonicitv  of  the  Red  Corpuscles). 

HyperinoM  and  hypinasU  are  terms  designating  increased  and 
decreased  capability  for  fibrin-formation.  The  former  is  met  with 
at  times  in  chlorosis,  leukemia,  or  other  anemic  affections,  and  in 
certain  infectious  diseases.  The  latter  is  notably  present  in  leu- 
kemia, p^'micious  anemia,  and  some  cases  of  hemolysis.  There 
has  lK'^;n  much  theorizing  in  regard  to  these  conditions,  but  very 
little  knowledge  of  practical  importance  has  been  acquired. 

PLETHORA. 

Plethora  is  the  name  applied  by  the  older  writers  to  a  condition 
in  which  the  total  quantity  of  blood  was  supposed  to  be  excessive. 
It  is  now  re<!C)gnized  that  plethora  is  much  less  frequent  and  per- 
manent than  was  formerly  believed.  Several  vaneties  were  de- 
sc^ribwl. 

Plethora  vera  was  the  name  given  to  the  condition  in  which 
the  quantity  of  the  blood  was  supposed  to  be  increased  without 
change  in  its  quality.  Persons  supposed  to  have  this  condition 
are  cJes^^ribed  as  robust,  with  high  color  and  vigorous  circulation. 
They  are  generally  individuals  living  in  luxury.  The  terra  "  fuU- 
blo<Kied  "  is  still  applied,  but  it  is  recognizee!  that  the  fulness  of 
the  HU|K;rficial  vessels  is  the  result  of  peculiarities  of  the  circulation 
rath(;r  than  of  increase  in  the  quantity  of  blood. 

Plethora  apocoptica  is  the  term  given  to  conditions  in 
which  there  is  local  increase  in  the  blood. 
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Plethora  hydremica  is  a  condition  in  wlneh  the  total  cjtiao- 
tity  of  the  blood  is  increased  by  dilution,  This  was  regarded  as 
frequent  in  cases  of  eachexiaj  after  hemorrliages,  etc. 

Experimental  evidence  might  be  referred  to  to  substantiate  the 
view  that  plethora  in  the  strict  sense  does  not  often  occur  as  a 
lasting  condition,  Terajxirary  plethora  is  produced  by  the  drink- 
ing of  large  quantities  of  liquid,  but  the  excretory  organs  sooa 
dispose  of  this  excess. 


OLiaEMlA. 

Oligemia  is  a  temi  indicating  reduction  in  the  quantity  of  blood. 
This  is  met  with  temporarily  after  hemorrhage,  but  very  soon 
serous  liquid  from  the  tissties  enters  the  blood-vessels  and  restores 
the  original  quantity.  At  tlie  time  of  the  hemorrhage  the  quantity 
may  be  immediately  reduced  to  a  very  great  degree  without  caus- 
ing death.  Serious  consequences  are  averted  l)y  the  activity  of 
tlie  vasomotor  system,  the  blw^d-vessels  accommodating  them- 
selves by  contraction  to  the  reduced  quantity  of  blood  Subse- 
quently when  liquid  of  the  tissues  is  absorbed  into  the  blood- 
vessels the  latter  dilate  and  their  natural  volume  is  soon  restored. 
The  bl<x>d,  however,  becomes  hydremic,  or  watery.  Oligemia  or 
quantitative  anemia  nuiy  possibly  occur  in  certain  cachectic  and 
anemic  diseases,  but  this  has  not  been  prnved,  and  the  relative 
proportion  between  the  mass  of  blow!  and  the  weight  of  the  body 
IS  certainly  not  much  disturbed  in  any  case. 
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HYDREMIA  AND  ANHYDREMIA, 

Hydreinia,  a  tliluted  or  watery  condition  of  the  blood,  may 
occur  from  excessive  consumption  of  water,  but  active  excretion 
of  liquid  soon  restores  the  blmwl  to  its  previous  condition.  Hemor- 
rhage  leads  to  hydremia  in  the  manner  above  described  ;  and  in 
the  chronic  anemias  there  is  possibly  some  dilution  of  the  seruru- 
It  has  never  been  shown,  however,  in  any  of  the  many  experiments 
made  lo  ilctcrmine  this  jKiint,  that  the  plasma  in  anemias  is  less 
rich  in  solid  constituents  than  normal  plasma.  The  reduction  in 
solid  matter  in  the  blood  as  a  whole  is  due  to  the  diminution  in 
the  number  of  red  corpuscles  and  clianges  in  their  composition. 

Anhydremia  is  a  condition  in  which  the  plasma  of  the  blood 
is  thickened  by  the  loss  of  watery  elements.  This  may  occur  in 
consequence  of  excessive  sweating  or  excessive  discharge  of  water 
from  the  l>ouels,  kidneys,  etc.  Tlie  number  of  red  corpuscles  in 
a  given  bulk  of  blood  increases.  The  specific  gravity  and  the  ' 
solid  residue  of  the  plasma  of  the  blood  as  a  whole  increase  corre- 
spondingly* 


378 


TEXT-BOOK  OF  PATHOLOGY, 
UPEMIA. 


Lipeiiiia  is  a  patholckgic  conditioa  in  which  fat  occurs  free  in 
the  blood-plasma.  Fat  is  al^'ays  present  as  a  normal  constituent 
of  blood,  and  is  in  slight  excess  during  the  process  of  digestion. 
Li})emia  occurs  in  cases  of  chronic  nephritis,  diabetes,  pulmonarv 
tuberculosis,  alcoholism,  and  isome  other  conditions,  and  may  reach 
mark  oil  grades  of  severity.  The  blixnl  may  have  a  milky  appear- 
ance to  the  naked  eye,  and  under  tlie  microscope  highly  refractive 


Fi<i.  Hi.—BIood  from  a  rase  of  ItperolAi  stained  with  osmic  acid;  v\\y\^r  half  of  field 
cleared  with  oil  of  turpentine;  lower  h»lf  shows  the  fal-droplets  and  granules  stainea 
wUh  oamJt  acid  between  the  blood  Porpu*cies;  enLargcmeut^  100  diameteci  (after  Gtun* 
precht ;  IkiutKh  med   Wock^  ScpL  27.  1894). 

droplets  or  granules  are  observed.     The  latter  stain  black  with 

osmic  acid  (Fig.  144). 

MELANEMIA. 

This  condition  is  distinguislied  l»y  the  occurrent^e  of  dark  pig- 
ment or  granular  matter  in  tlie  circulating  blood.  It  occurs  in 
ca-^s  of  malaria  and  certain  other  fevers.  The  pigment  may  be 
free  in  the  plasma  in  the  form  of  yellowish  or  blackish  granules ; 
or  may  be  luund  as  small  particles  in  the  kukcKntes. 


HEMOCYTOLYSIS-HEM(MjLOBINEMIA. 

Hefinitioa. — ^Hemocytolysis  is  the  term  applied  to  the  condi- 
tiuDs  in  which  tlie  red  blood-corpuscles  are  destroyed.  The  name 
kemoiifsk  is  generally  employed  in  the  same  sense,  though  it  refers 
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to  destniction  of  all  of  the  <4eineiita  of  the  hlotxi.  Id  this  condi- 
tion hemogh^bin  is  liht^ratod  aud  is  dissolvod  in  the  plasma.  To 
this  the  term  henK>t;lobiiienKa  is  applieable,  but  the  name  met- 
hemoglobinemia is  nit^re  apjiropriate,  as  the  hemoglobin  is  usually 
present  in  the  serum  in  this  alteretl  form. 

Stiology. — Hemolysis  eoiistaiitly  takes  plaee  in  the  liver,  the 
coloring' matter  of  the  bhxKl  being  converted  into  l)ile-pigments> 
Pathologic  hemolysis  results  from  the  action  of  various  intectious 
and  toxic  agents.  It  occurs  in  the  course  of  severe  malaria,  re- 
lapsing fever,  pnenmt>niaj  and  various  hemorrhagic  infections  ;  and 
is  occasioned  by  many  poisons  (see  BhHKl-jM)i,sons).  Excessive 
cold  may  be  a  eontril*uting  cause,  as  seems  to  be  tlie  case  in  somo 
instances  of  partjxvBBial  hemoglobinuria  ((/.  r.). 

The  serum  4jf  one  anijoa!  ban  more  or  leas  hemolytic  efft^ct 
when  injected  into  another  animal.  By  repeated  injections  the 
serum  of  the  animal  under  experiment  may  acquire  hemolytic 
profK^rties.  Antihemolysins  have  also  been  produced  in  ex|KTi- 
mental  investigations  and  promise  to  be  of  practical  use,  as  in  the 
case  of  certain  hemolytic  venoms.  The  explanation  of  hemolysis 
elaborated  by  Ehrlich  and  recently  confirmed  by  Flexner  and 
Noguchi  is  referred  to  in  the  section  on  Immunity. 

Pathologic  Anatomy. — The  blood  may  present  striking 
morphologic  changes  in  the  re<l  corpuscles,  such  as  mierocyto- 
sis,  megalocytosis,  poikilocytosis,  fragmentation,  and  vacuo  hit  ion* 
Shadow-corpuscles  may  be  abundant,  an<l  in  the  later  stages  of 
the  prtx-ess  beginning  regeneration  of  the  blood  causes  the  pres- 
ence of  nucleated  red  corpuscles.  The  bloo*l  as  a  whole  is  often 
quite  dark  in  color. 

Associated  changes  are  frequently  met  with  in  the  liver^  kid- 
neys, and  skin.  Ttie  hepatic  cells  are  often  swollen  and  more  or 
less  degen crated  and  bile-stained*  Excessive  production  of  bile 
(polycholia)  may  fx-cur.  This  over-production,  with  the  swelling 
of  the  hepatic  cells  and  the  consequent  obstruction  of  the  biliary 
channels,  txe^isions  reabsorption  of  bile  and  consequent  jaundice 
(so-called  hematogenous  jaundice).  The  excess  of  hemoglobin, 
which  cannot  be  dispose<l  of  by  the  liver,  may  be  excreted  in  the 
urine  {hemoglobinuria).  Sometimes  hemoglobin-infarcts  are  met 
with  in  the  renal  tulmles ;  and  tlirombosisof  the  renal  or  other  blood- 
vessels is  occasionally  ol)served.     Acute  nephritis  is  a  rare  result. 

Pathologic  Physiology. — Ilemfx-ytolysis  leads  to  more  or 
less  pronounced  disturbance  of  the  internal  or  tissue  respiration, 
as  t!ie  altered  hemoglobin  is  incapable  of  carrying  oxygen.  Dysp- 
nea and  various  nervous  symptoms  are  the  result.  The  liberation 
of  cellular  constituents  (from  destruction  of  the  red  and  white 
corpuscles)  o^'casions  increased  coagulability  of  the  blood  and  the 
formation  of  thrombi  in  arterioles  and  capillaries  (ferment-in toxi- 
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cation).     Fever  and  other  general  symptoms  may  be  due  to  the 
same  cause. 

POLYCYTHEMIA. 

Polycythemia,  or  erythrocytosis,  the  condition  in  which  the  num- 
ber of  red  corpuscles  in  a  given  bulk  of  blood  is  increased,  may  be 
dctual  or  relative.  Actual  polycythemia  is  that  in  which  there  is 
over-production  of  red  corpuscles ;  this  is  probably  rare.  Relative 
polycythemia  is  due  to  decrease  in  the  quantity  of  the  plasma.  It 
is  met  with  in  a  variety  of  conditions,  including  certain  cardiac 
diseases,  with  slow  failure  of  compensation,  and  especially  in  con- 
genital cyanosis ;  in  residents  of  high  altitudes ;  in  the  new-bom ; 
and  in  cases  of  cholera  or  other  diseases  in  which  liquid  discharges 
cause  inspissation  of  the  blood.  The  explanation  of  the  increased 
number  of  corpuscles  in  some  of  these  conditions  has  occasioned 
considerable  controversy.  Some  have  held  that  the  number  of 
corpuscles  (at  high  altitudes,  for  example)  increases  actually  rather 
than  relatively,  for  the  purpose  of  furnishing  a  greater  oxidizing 
surface,  but  this  has  not  been  proved.  It  is  more  likely  that  the 
increased  number  of  corpuscles  is  caused  by  changes  in  their  dis- 
tribution in  the  circulation.  In  evidence  of  this  it  may  be  pointed 
out  that  the  number  of  corpuscles  in  dependent  parts,  such  as  the 
foot,  is  greater  than  normal.  In  cardiac  disease  and  in  persons 
living  at  high  altitudes  it  is  not  improbable  that  similar  stagnation 
of  the  corpuscles  in  the  peripheral  tissues  takes  place. 

Polycsrthemia  with  Chronic  Cyanosis  and  Enlarged  Spleen.— A 
clinical  entity  comprising  these  symptoms  together  with  weakness, 
prostration  and  vertigo,  has  recently  been  recognized.  No  expla- 
nation has  thus  far  been  given  for  this  condition.  In  one  case  the 
spleen  was  found  to  be  tuberculous ;  in  others  only  chronic  hyper- 
plasia was  found. 

Beside  the  conditions  before  referred  to  as  causing  cyanosis  and 
polycythemia,  certain  pulmonar}' diseases,  such  as  emphysema,  and 
chronic  poisoning  with  coal  tar  products,  such  as  acetanilid  and 
antipyrin  must  be  recalled.  In  some  of  these  cases  the  spleen  may 
be  enlarged  and  the  condition  may  simulate  the  one  now  under 
consideration.  In  the  reported  cases  of  chronic  cyanosis  with 
polycythemia,  however,  these  causes  of  the  polycythemia  and  cya- 
nosis as  well  as  the  ones  before  referred  to  were  wanting. 

LEUKOCYTOSIS. 

The  term  leukocytosis  is  given  to  a  more  or  less  transient  in- 
crease in  the  number  of  leukocytes,  the  polymorphonuclear  forms 
being  usually  in  excess.  Sometimes  leukocytosis  is  continuous  or 
chronic,  and  sometimes  the  excessive  number  of  leukocytes  is  due 
to  increase  in  the  mononuclear  ^»lements  rather  than  the  polymor- 
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phonuelear.  Tlie  terms  polyiuorpboiniclear  leukocytosis,  lym* 
phemia^  and  eosinophilia  are  used  to  designate  increase  of  the 
pt)lynic>rjilionyelear  leyk(.»cyte8,  lynipliocytes,  and  eosinopliiles  re- 
speelively. 

Etiology p^ — The  eanses  of  leukocytosis  are  varied »  It  is 
generally  obi^ervt^,!  as  a  normal  condition  in  the  new-born ^  the 
nnml»er  of  eorpnseles  remaining  in  slight  excess  dnring  the  first 
year  of  life»  It  also  occurs  in  many  cases  of  pregnancy  ;  and  is 
cpiitc  constaut  during  the  period  of  digestion  in  healthy  persons, 
protcid  fixxl  l>eing  more  striking  in  tlie  effect  than  a  farinaceous 
or  mixed  diet*  In  some  diseases  of  the  stomach  post-digestive 
lenkixyt(^sis  seems  not  to  occur. 

Inflammatory  and  Infections  Leukocytosis.— Among  the  strictly 
pathologic  forms  of  hiukoeytosis  the  most  ini|K>rtant  are  those  due 
to  inflamuKitious  and  intcctiiuis  of  varitHis  kinds,  Crou|K>ns 
pncuninnia  rM-casions  considerable  increase  of  Icnkocyt^^s  in  most 
t*ascs»  and  this  is  continuous  until  tire  final  decline  of  the  fever. 
Snppiirationsof  all  kinds  act  in  a  sinular  manner.  Inflammations 
of  the  s^iTOUs  mem  1  cranes — peritonitis,  pleurisy^  racniugitis — may 
be  attended  Ijv  moderate  or  severe  leukocytosis.  Among  tfie  acute 
infeetioiis  fevers  there  are  some  iu  whicli  leiikoevtosis  occurs  and 
others  in  which  this  is  wanting,  and  this  fact  often  proves  valu- 
able to  the  clinician.  Among  those  in  wliicli  the  leukocytes  do 
not  increase  in  mHnl>er  are  typlioid  fever,  influenza,  malaria,  and 
acute  niiliary  tuberculosis. 

G&chectio  leukocytosis  *>cciirs  in  a  variety  of  marantic  conditions, 
and  toward  the  end  of  lite  in  any  case  of  wasting  disease  there  may 
be  a  great  increase  in  the  number  of  leukocytes.  This  agonal 
or  termina!  leukocytosis  is  either  cachectic  (toxic)  in  nature  or  it 
may  be  due  to  terminal  infections. 

Malignant  tumors  frequently  cause  leukocytosis. 

Hemorrhage  may  oceasion  increase  in  numbor  of  the  white  cor- 
puscles, more  or  less  in  acconlance  witli  the  qnantity  of  blood  lost, 

Mecliaiiical  and  Thermal  Caases. — Massage  and  cold  baths  fre- 
quently cause  increase  in  the  mi  ruber  of  leukocytes  for  a  time. 

Medicinal  leukocytosiap  or  that  due  to  the  introduction  of  various 
drugs,  is  probably  allied  to  infectious  and  cachectic  leukocytosis 
in  the  manner  of  its  production. 

PathogreiieBis. — The  nature  of  leukocytosis  is  still  the  sub- 
ject of  some  controversy.  Fonuerly  it  was  held  that  the  in- 
creased number  of  lenkocytes  is  wholly  due  to  overprocluction ; 
later,  some  investigators  claimed  that  diminished  destruction  is  the 
imjwrtant  cause.  The  explanation  which  seems  most  acceptable 
at  the  present  day  is  that  of  Goldseheider  and  Jakob.  These 
observers  hold  that  infectious  and  toxic  leukocytosis  is  due  to  the 
attractive  influence  of  the  toxic  substances  upon  the  leukocytes  in 
the  blood-making  orgtms,  and  to  a  certain  extent  to  the  stimu- 
ifluence  upon  those  oi^ans,  leading  to  increased  production 
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Terr  mmrkea  ioeivase  in  the  number  of  the  leokc^ } 
OTiea  and  eaaei  of  lenkfih  with  lenhocrtoEB  lemporarilT  or  eon*  j 
HBHHHnr  of  nMWB  SHHienDie  desTf  cl 

In  tae  a^oritf  of  cues  of  leukocjtosiB  the  [ 
wm  ta  pdatire  as  urell  as  actual  excesB*  1 
beinig  acttallv  increased  in  Dufflber,  bat  i^lativeljr  dcf  *  | 
(Fig,  145).  The  prupordcKD  of  polyniorpboDiicIear  elements 
m  frwiiicgtly  80  to  80  per  cent.,  and  sometimes  90  or  95  per  ceot^ 
Boleiid  of  $5  to  70  per  oend.  In  the  letikoc}nc^e$  f^Jloiring  hen- 
orrhife,  in  carheetic  lenkocTtooSy  in  septic  itiikcvvtnsea,  and  that 
doe  to  msdiptSLtit  tumofs  the  poljnioirpboiiticlesir  ctlb  ar?  nsttally 
{nereafled^  while  in  the  leukocytosis  of  the  new-liom  and  in  some 
tomorsy  eqiectally  lympbooiata^  the  mononuclear  eiemente  pr^ 
dominate.  In  same  of  these  leukciertQises  the  pieseooe  of  mrao*  , 
eytes  has  been  observed ;  and  in  ven*  imre  cases  the  nuclei  in  th«o] 
eeUa  maj  show  kan*okinetic  figures 
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Fm.  tSk^Stytie  ktikocTlosli,  ibotring  mArfeed  ioereueof  poIpnorplioiiiicleArleiikfkrytfs. 

Flatliologic  Fhjrsiology.^ — Leukix-ylosis  certainly  exercnses 
Bome  profaajid  influence  unon  the  system,  but  the  exact  nature  of 
this  iofiuetice  is  unsettlecL     Those  who  contend  in  &vor  of  the 
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phagocytic  theory  of  immunity  claim,  more  or  less  directly,  that 
the  increase  of  leukocytes  is  a  protective  process,  the  purpose 
being  the  removal  and  destruction  of  irritants.  Others  beheve 
that  leukocytosis  is  part  of  the  cellular  processes  conccmed  in  the 
production  of  immunizing  suhstances.  There  is  certainly  more 
active  destruction  of  leukocytes  in  leukocytosis  than  in  liealtlij  as 
is  evidenced  by  tlie  increase  of  xanthin  bases  and  uric  acid  in  tlie 
urine  ;  and  it  may  be  that  in  this  destruction  protective  substances 
are  liberated. 


HYPOLEUKOCVTOSIS. 

Hypoleukocytosis,  or  leukopenia,  is  the  condition  in  which  there 
19  deficiency  in  tlie  number  of  leukocytes.  This  is  met  with  in 
moilerate  degree  in  various  diseases,  such  as  tuberculosis^  typhoid 
fever,  some  cases  of  pneumonia,  cachexia,  inanition,  progressive 
pernicious  anemia,  etc*  The  nature  of  hypoleukocytosis  is  not 
always  clear.  Some  have  hekl  that  it  is  due  to  destruction  of 
leukocytes  (kukoh/ms),  while  others  claim  that  it  is  the  result  of 
altered  distri!)tition  of  the  leukoc>^es.  It  has  been  shown  by 
experimenters  that  tlie  injcctiou  of  certain  miero-{>rganisms  or 
toxic  substances  will  produce,  first,  a  decrease  in  the  uundjcr  of 
leukocytes,  and  then  an  iu(Tcase.  The  primary  liyiwleukocytosia 
is  explained  l>y  some  as  the  result  of  active  destruction  of  leuko- 
e\^es,  but  the  conditions  of  the  urine  do  not  give  evidence  of  such 
active  destruction,  and  otliers  have  shnwti  that  the  capilhiries  of 
the  lungs,  liver,  and  other  organs  are  nverfilhid  with  leiikfK'ytes 
rlnring  this  stage.  Tlie  assimiption  is  thercDtre  warninteit  that 
hyjwleukocytosis  is  t[ic  result  of  disturi>ance  in  the  distribution  of 
the  leukocytes. 

ANEMIA. 

Definition. — This  term  inclutles  a  variety  of  conditions  in 
which  the  bhKxI  is  reduced  in  cjuality  in  one  constituent  or  another. 
The  term  oltf/oct^t hernia  indicittfi's  a  reduction  in  the  number  of  red 
coqiuscles,  while  the  name  olh/orhromemiii  indicates  a  reduction  in 
the  coloring' matter  of  the  corpustdes.  Usually  these  eouditions 
are  associated. 

Classification  of  Anemias,— It  is  not  as  yet  possible  to 
offer  a  strictly  scientific  chissitlcation,  but  for  ordinary  purp)ses  the 
ohl  division  into  primarif  and  Hmondartf  anemias  may  be  retained. 
The  term  primary  anemia  may  be  given  to  forms  in  which 
the  anemia  is  the  striking  pathologic  condition*  The  okler 
writers  used  the  name  to  inilicate  tliat  tlie  anemia  was  an  essen- 
tial disease  and  dependent  ujxju  no  preceding  affection,  excepting 
I  possibly  a  disturbance  of  the  hematopoietic   organs.     The   term 
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Becondary  anemia,  or  symptomatic  anemia,  may  be  used  to  desig- 
nate anemic  conditions  in  which  some  underlying  disease  that  has 
occasioned  the  anemia  is  conspicuous.  According  to  the  classi- 
fication here  offered,  all  anemias  are  recwnized  as  secondary  in 
the  strict  sense,  but  those  in  which  the  underlying  disease  is  not 
conspicuous  are  classified  as  primary,  and  those  in  which  the  origi- 
nal oisease  is  conspicuous  as  secondary. 

SECONDARY  ANEMIA. 

Stiology. — Various  unsanitary  conditions  may  influence  the 
character  of  the  blood  by  the  constant  disturbance  of  the  oiganic 
functions.  A  cause  of  immediate  anemia  is  hemorrhage.  This 
first  leads  to  reduction  in  the  quantity  of  blood ;  and  later  by 
absorption  of  liquid  from  the  tissues  to  dilution  of  the  blood,  or 
hydremia.  Finally,  after  a  variable  period  the  character  of  the 
blood  is  restored  by  regeneration  of  corpuscles  and  of  coloring- 
matter.  Parasites  of  various  sorts  may  lead  to  anemia.  Among 
the  more  important  are  the  intestinal  worms,  Ankylostomum  duo- 
denale,  Dibothriocephalus  latus,  and  Anguillula  intestinalis.  The 
mode  of  action  of  these  is  not  entirely  clear.  Some  have  held 
that  they  cause  anemia  by  loss  of  blood  through  the  intestine,  and 
this  is  probably  true  in  the  case  of  Anguillula,  but  marked  anemia 
may  occur  from  the  presence  of  Bothriocephalus  or  Anchylostoma 
without  much  hemorrhage  taking  place.  An  explanation  worthy 
of  consideration  in  these  cases  is  that  the  parasites  generate 
poisons  either  in  their  ordinarj'  life  or  by  their  death  and  decom- 
position, and  that  these  poisons  are  the  cause  of  the  anemia. 
Other  intestinal  parasites  may  occasion  more  or  less  anemia 
ilirectlyor  indirectly.  The  parasites  occurring  in  the  blood  itself, 
notably  the  malarial  organism,  may  cause  extreme  anemia.  Infec- 
tious disea^ea  frequently  lead  to  impoverishment  of  the  blood.  In 
the  acute  febrile  diseases,  such  as  typhoid  fever,  rheumatism,  and 
pneumonia,  the  anemia  may  not  l)e  conspicuous  during  the  prog- 
ress of  the  disease,  but  becomes  apparent  after  the  fever  has  sub- 
sided. This  may  be  explained  bv  the  assumption  that  increased 
respiration  and  sweating  cause  inspissation  of  the  blood  and 
relative  increase  in  the  number  of  red  corpuscles  during  the  exist- 
ence of  fever,  so  that  the  anemia  is  unnoticed.  In  chronic  infec- 
tions, such  as  sj'philis  and  tuberculosis,  marked  anemia  may  occur. 
Among  the  poisons  capable  of  producing  anemia  are  lead,  arsenic, 
phosphorus,  and  other  metallic  substances,  and  experimentally 
pyrogallol,  nitr()l)enz(»l,  pyrodin,  and  coal-tar  pnKlucts  have  bt»en 
!ised  to  produ(;o  anemia.  The  anemias  of  various  infectious  dis- 
eases are  undoubtedly  toxic  in  character,  and  very  probably  those 
occurring  in  gastro-intestinal  and  nutritional  diseases  are  similarly 
the  result  of  the  action  of  poisons  generated  within  the  body. 
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Organm  dkeasen  anti  heit  f/rouihs  oi'  various  sorts  may  oconsion 
ant^niia  l>v  the  ^rnpnil  tJistiirhaiire  nf  liealth^  by  toxii"  products 
geiieraiml  in  tiie  eoiirst.^  of  diseaR^  by  ln'morrliage,  etv. 

Pattiolo^c  Anatomy, ^-^The  mntlitiim  of  tlie  lilood  in  sec- 
ondary anemias  varies  with  the  duration  and  ^mde  of  tlie  anemia. 
In  moderate  eases  the  number  of  red  cor]>useles  decreases  slightly 
(4,000,000  to  :i,000/)0(r),  and  the  heniogk>l)in  is  eorres[K>ndingly 
reduced,  though  often  somewhat  uiore  strikingly  than  the  corpus- 
cles. Tiie  fret^h  hlood  may  show  no  vlsibh^  changes  under  the 
mieroscope,  atid  even  in  stained  preparations  the  app^i'aranec  nuw 
be  normab  More  marked  anemia  is  distinguished  hy  greater  re- 
duction^ tlie  number  of  corpuscles  sinking  in  2»;j00|0CM>or  2,0tXJ/H}0 
per  cu»mm,  in  extreme  eases.  Tlu-  henujghjbiu  is  usually  reduced 
mor«'  nuirkcdly  than  the  corjmselcs.  Examination  of  the  fresh 
blood  shnws  ])allor<jf  the  corpuscles  and  various  irregularities  in 
size  (mieroeytes  and  uu'galoeytcs)  and  shape  (poikilwytes).  Nu- 
cleated red  corpuscles  may  lie  ])resent  in  small  numbers,  the 
mierohlasts  and  normoljlasts  pre<h«uinating.  Tlie  staine<l  blood 
may  disclose  degenenition  of  the  corpuscles  by  the  presence  of 
jKjlycbromatnjiliilie  forms.  The  leukotytes  do  ntjt  play  an  essen- 
tial part  in  this  form  of  anemia.  Tlu^ir  numljcr  may  l)e  normal 
or  rcilnced  ;  in  otfuu*  cases  leukocytosis  is  i>reseut.  Tlie  relative 
pn.i portions  of  the  different  forms  h  usually  about  tiormab  In 
severe  cases  the  lympliocytes  may  increase  relatively  and  actually, 
at  the  exijense  of  the  jMilymorphonuelear  forms.  Myehx^ytes  are 
occasioually  present. 

Associated  changes  in  various  organs  may  be  met  with.  Among 
these  are  |mreuciiymatous  and  iatty  degeneration  of  the  heart, 
kidneys,  and  liver.  These  conditions  have  often  been  as4?ribed  to 
reduced  oxidation,  which  was  supposed  to  be  due  to  ])overty  in  he- 
moglobin. Physiologic  studies,  however,  do  not  establish  the  ex- 
istence of  a  reduction  in  tlie  respiratory  exchange  of  gases.  It  is 
likely  that  toxic  condition's  of  the  bluod  occur  in  anemia,  and  that 
the  poisons  act  ilircctly  upon  the  atlccted  orgtins. 

Patholog^ic  Physiology,— The  priK:eiis  of  oxidation  is  of 
particular  interest  in  anemia,  and,  as  has  been  stated,  recent  in- 
vestigations show  that  the  eonsumptiou  of  oxygen  and  elimination 
of  carbon  dioxid  are  n(»rmal.  To  accomplish  this  result  more 
active  circulation  and  greater  energy  of  the  tissues  are  required. 
Partly  in  consequcuce  of  tlie  latter,  diseases  of  the  organs  named 
in  the  last  paragraph  result ;  and  at  the  same  time  S4ime  of  the 
characteristic  sympttims  (palpitations,  dyspnea)  are  produced.  In 
severe  sccoudar}^  anemia^s  increased  tissue- waste  occurs,  and  nitro- 
gen is  discharged  in  excess  uf  that  digested. 
2S 
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THE  PRIMARY  ANEMIAS. 

The  conditions  included  under  this  tide  are  chlorosis^  progres- 
sive pernicious  anemia^  leukemia,  and  Hodgkin's  disease.  The 
term  simple  primary  anemia  is  sometimes  used  to  designate  a  form 
of  anemia  without  distinct  cause,  and  characterized  by  moderate 
oligocythemia.  There  are,  it  is  true,  occasional  cases  of  moderate 
anemia  in  which  no  definite  precedent  disease  can  be  discovered ; 
but  these  are  exceptional  cases,  and  are  to  be  considered  as  sec- 
ondary anemias  in  which  the  underlying  disease  is  latent.  Cases 
of  this  sort  do  not  conform  to  a  definite  type,  and  cannot  there- 
fore be  considered  as  illustrating  a  special  form  of  anemia. 
Another  term  frequently  used  is  splenic  anemia.  This  is  even 
less  satisfactorily  defined.  Splenic  enlargement  may  occur  in 
any  of  the  primary  anemias,  and  may  in  some  cases  be  excessive. 
Moreover,  some  of  the  distinctly  secondary  anemias  (as  those  of 
rickets,  syphilis,  and  malaria)  are  very  often  attended  with  splenic 
enlargement.  It  has  not  been  proved  that  there  is  a  special  form 
of  anemia  with  splenic  enlargement  as  the  conspicuous  lesion,  and 
cases  of  so-called  splenic  anemia  are  to  be  considered  as  secondary 
or  primary  anemias  in  which  splenic  enlargement  happens  to  be 
marked. 

CHLOROSIS. 

Definition. — Chlorosis  is  a  primary  anemia  due  to  retarded 
hemogenesis,  characterized  by  a  peculiar  pallor  and  marked  reduc- 
tion in  the  percentage  of  hemoglobin,  and  occurring  almost  exclu- 
sively in  young  girls  and  women. 

]^tiolO£7. — Chlorosis  is  most  frequent  at  the  time  of  begin- 
ning menstruation  and  durine  the  years  immediately  following 
this.  A  form  of  late  chlorosishsm  been  described  in  women  above 
thirty  years  of  age  and  at  the  menopause ;  but  the  nature  of  this  is 
doubtful.  Chlorosis  in  the  male  is  still  more  doubtful,  though  a  few 
cases  have  been  described  by  competent  observers.  Hereditary 
tendencies  are  of  etiologic  importance.  The  disease  occurs  more 
frequently  in  families  in  which  tuberculosis  is  common  than  in 
those  not  so  aiiected.  Constitutional  predisposition  is  also  an 
important  factor,  poorly  developed  girls,  and  particularly  those  of 
delicate  mould,  being  especially  liable  to  the  disease.  Virchow 
found  hypoplasia  of  the  heart  and  great  vessels,  and  Rokitansky 
the  same  condition  in  the  generative  organs,  and  pathologists 
have  been  inclined  to  regard  these  as  important  factors  in  the 
development  of  the  disease. 

Various  exciting  causes  have  been  considered  as  of  more  or  less 
importance.  Emotional  excitement  was  regarded  as  a  prime  cause 
by  ancient  authorities,  and  in  consequence  such  terms  as  icterus 
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setifibrk  amantium  were  applied.  Home-8icknes»,  grief,  etc,  are 
causes  of  moinent.  Intestinal  auto-intoxication  has  been  rejfrarcled 
as  the  essential  factor  by  many,  but  physiologic  chemist j?  fail  to 
find  evidenees  of  the  existence  of  such  intoxication.  Menstrual 
disturbances  are  imjwrtant  as  symptoms,  and  have  often  been  re- 
garded as  causes.  The  hyfwphisia  of  the  genital  organs  adt!^?  .some 
probability  to  thiH  view,  but  more  definite  uvidenee  is  wanting. 
Von  Xmjnien  strongly  adv(K:atcs  a  thef^ry  tliat  chlorosis  is  due  to 
a  tliilure  of  som<*  internal  secretion  of  the  ovaries. 

At  the  present  time  it  seems  most  likely  that  chlorosis  is  due 
to  faulty  development,  and  especially  to  a  Avant  of  proper  hemo- 
genetic  power. 

Patliolog:ic  Anatomy,— The  hypoplasia  of  the  vascular  and 
generative  systems  has  been  referred  to.  These  are  primary 
lesions,  and  possibly  causal  Various  secondary  disi^ases  may  be 
encountered,  as  in  other  anemias.  Among  these,  myocardiac  de- 
generation and  dilatation  are  most  invjiortant,  though  they  do  not 
attain  high  grades  of  severity,  Tlu^  spleen  is  frequently  a  little 
enlarged.  Peculiar  yellowish  or  greenish  pigmentation  of  the 
skin  is  a  striking  feature*  The  pigment  is  doubtless  altered 
hemoglobin,  l)ut  its  exact  nature  is  unknown. 

Tlae  Blood.— The  blood  is  paler  tlmn  normal,  and  watery.  The 
specific  gravity  decreases  progressively,  and  the  solid  matter 
is  deficient.  Inrrcuse<I  eoagulal>il!ty  is  sometimes  observed.  The 
number  of  red  corpuscles  may  be  ncu'mab  even  in  well-developed 
eases,  but  the  prnportion  of  hemogliibin  sinks  progressively* 
In  prolonged  eases  the  corpuscles  become  reduced  in  number, 
but  tlie  deficiency  of  lieninglobin  continues  to  be  excessive. 
Severe  cases  of  chlomsis  frequently  show  3,000,000  or  2,000,000 
red  corpuscles  per  cu.mm.  and  *10  per  rent,  to  20  per  cent,  of 
hemoglobin.  The  red  corpuscles  miiy  be  little  altered  in  apjiear- 
ance  in  the  early  stages  ;  later,  irrcgnlarities  in  size  and  shiijH^ 
are  frequent,  and  nucleated  red  c(>rpuscles  (espeg^Ily  uormn- 
blasts)  make  their  appearauce.  The  latter  sometimes  occur  in 
great  numbers  in  crops  (blfHj<l-cri.ses).  The  leukocytes  are  usually 
normal  in  number  and  kind ;  Init  in  some  eases  myelocytes  have 
been  met  with. 

During  the  process  of  re<^overy  from  cbh*rftsis  the  red  corpus- 
cles increase  innuuiljer  belbre  any  cliange  occurs  in  the  percentage 
of  hemoglobin. 

Pathologic  Physiology. — Chlorosis  resembles  the  second- 
ar\' anemias  in  most  |*articulars,  as  far  as  its  infiuencc  on  the  geneml 
health  is  coneemecb  Some  of  tlie  symptoms  (canliac  and  men- 
strual) are  doubtless  due  to  primary  abnormalities  of  structure* 
The  preservation  of  the  subcutaneous  fat  despite  ail vancing  anemia 
is  a  striking  feature.  It  is  explained  by  \mi  Nminlen  by  the 
as!»umption  that  the  quiet  and  warmth  which  cblorotics  find  neees- 
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san'    to   their   comfort    load    to  aceutuulation  of  faL 
oxiclatiun  is  certiiiiilv  not  the  cause. 


Deer 


PROQRESSIVE   PERNICIOUS  ANEMIA. 

Definition.—Pmgressive  pernicious  anemia  is  a  form  of 
extreme  anemia  tending  to  increase  in  severity  to  a  fatal  cn«l*  It 
may  be  ai)|>arently  caiiscless,  or  nmre  or  less  adequate  caust*s  may 
be  dist^overcd.  It  is  chanieterized  by  excessive  oligocythemia 
and  marked  clianges  in  the  red  corpuscles. 

EtiolOify. — The  disease  was  described  by  Addison  as  a  wholly 
causeless  anemia — that  is,  an  anemia  indei>endent  of  precedent 
disease  of  any  sort.  lu  recent  years,  however,  causes  of  \'arious 
sorts  have  been  discovered,  Pernicions  anemia  may  occur  in 
childhood  or  old  age,  but  is  usually  met  with  at  or  after  middle 
age.  Depressing  emotions,  fi*ight,  exposure,  and  imsimitary  sur- 
roundings may  act  as  contributing  t-aiises.  Among  the  more 
detinitely  active  influences  arc  :  pregnancy  and  lactation,  gasti*o- 
intestinal  diseases,  and  intestinal  parasites.  Pregnancy  and  lacta- 
tion arc  frequent  causes,  but  their  manner  of  operation  is  obscure. 
Gas tro-in test inal  diseases  of  various  sorts  have  been  tbund  in  cases 
of  |)ernicious  anemia,  including  atrophy  of  the  gastric  and  duo- 
dena! mucosa,  ulcerations,  carcinoma,  etc.  The  manner  of  o|>em- 
tion  of  these  is  obscure,  tliough  recent  ex })eri mental  work,  tending 
to  show  that  |)ernicious  anenda  is  hemolytic  in  nature,  suggests 
that  poisons  are  geueratwl  in  the  gastro-intestinal  tract,  and^  gain- 
ing access  to  the  l>l(Hjd,  cans*'  its  ilestruetiou.  Among  the  evi- 
dences favoring  this  hemolytic  theory,  beside  that  fiiniishe*]  by 
direct  experimental  intoxiciition,  are  tlie  peculiar  pigmentation  of 
the  li%*er  and  the  excess  of  coloring-matter  in  the  urine.  Of  the 
intestinal  pamsitt^s  that  occasion  a  pernicious  fiuiu  of  anemia,  the 
Ankylostomum  duodeuale  and  Dibothritx^eplmlus  I  at  us  are  impor- 
tant. Other  parasites  occasionally  cause  severe  anemia,  l>ut  rarely, 
if  ever,  forms  suggesting  true  pernicious  anemia.  The  manner  of 
production  of  anemia  by  pamsites  is  still  obscure.  Some  have 
held  that  tlie  loss  of  blooil  (especially  in  the  case  of  Ankylostomum) 
is  the  important  cause;  but  there  are  instances  in  which  but  little 
bloiHl  is  lost.  Others  believe  that  the  |ninisites  genenite  p<»isona 
in  their  life  or  by  defnjmposition  after  their  destruction,  and  that 
these  poisons  act  as  hemolytic  agents. 

In  addition  to  the  aliove,  hemorrhages,  systemic  diseases  (ma- 
laria, syphilis,  and  tuberculosis),  and  various  kinds  of  infection 
have  l>een  consiilcrcd  as  causes.  Among  otlter  portals  of  infection 
the  oral  cavity  must  be  consideretl.  Cases  associated  witli  mouth 
infection  and  gloasitis  have  been  oljserved*  Among  the  infectious 
agents  various  Imcteria  and  protozoan  organisms  have  been 
described.     None  of  these  seems  to  be  of  importance. 
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PEthologic  Anatotny, — Various  secoorlarj  changes  are  met 
withj  tlmse  in  the  hliKMl-making  organs  being  most  important. 
Tlie  bone-marrow  of  the  long  (jones  is  re<I  and  softened  and 
often  quite  henmrrhagie  (for  details,  see  Bone-marrow).  This 
change  was  formerly  reganle<l  as  a  primary  and  causal  one.  At 
the  present  time  it  is  looked  upon  as  secondary  and  reactive  to 
the  severe  anemia.  It  represents  the  effort  of  the  bone-marrow  to 
eompensiite  for  the  active  bltKKl -destruction.  The  spleen  is  S4)me- 
times  enlarged,  and  may  be  eonsiderably  so.  (Pigmentation  of 
the  spleen  will  be  referred  to  below.) 

The  liver,  kidneys,  and  especially  the  heart  suffer  degenerative 
changes  (fatty)  in  severe  cases.  Similar  altenitions  in  tlie  blood- 
vessels may  cause  punctate  hemorrhages  (especially  in  the  retina), 
or  larger  hemorrhages  in  various  situations.  The  lesions  of  the 
gastr*i-iDtestinal  tract  have  been  referred  to.  Some  of  them  are 
doubtless  secondary  to  the  anemia ;  others  may  be  prinmry. 

Degenerations  of  the  posterior  and  lateral  columns  of  the  spinal 


Fro.  146." Blood  in  pernicious  anemia,  showing  liresrularity  in  Ihe  elxe  and  ahape  of 
the  red  corpuBclee;  one  nucleated  red  corpuBcte(m4^galobla«[]iaiid  two  leukocy  tee;  stained 
with  Ehrlich'B  triple  miJtture, 

cord  are  frequent.  Tliey  seem  to  be  due  to  a  toxic  agent  rather 
than  to  hemorrhages* 

Pigmentation  yf  the  liver,  spleen,  kidneys,  and  other  organs  is 
a  significant  condition  in  evidenccof  the  active  hemolysis  supposed 
to  occur  in  this  disease.  The  pigmentation  of  the  liver  is  most 
important,  and  seems  to  be  cliaraeteristie.  It  occurs  in  the  hepatic 
cells  of  tlie  jK'riphery  of  the  lobules  and  in  the  endothelial  cells  of 
the  lymphatic  channels  and  enpillaries  io  the  same  situation.  The 
pigment  is  iron-containing,  and  may  be  well  demonstrated  by  ap- 
plying tlie  iron  reactions  (sulphid  of  ammonium  ;  liydrochloric  acid 
and  fern-icyanid  of  potassium— forming  Prussian  bine). 

The  Blood. — The  color  of  the  blood  is  often  strikingly  pale  ; 
though  it  may  be  dark  in  spite  of  marke<l  anemia.  The  specific 
gravity  is  reduced.     The  nuirked  feature  of  the  disease  is  pro- 
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noiincetl  oligocythomia.  This  progresses  rapidly,  and  in  ordinary 
casL's  till'  number  of  red  eorpuseles  sink^  to  1^000,OTO  or  k\«6  per 
cu.  mm. :  at  the  same  time  changes  in  size  (mierocytes  and  niegulo- 
cytes)  and  in  sluipe  {|K*ikil<X!ytes)  make  their  appearanee,  and 
reach  grades  rarely  attained  in  other  diseases  (see  Fig.  146).  Nu- 
cleated red  eorpuseles  are  always  present  in  st>me  numbers  and  are 
nsually  abundant  (Fig,  146).  The  larger  and  polyehroniatophilie 
forms  (megidol)la3^tA),  as  a  rale,  predominate  ;  I  nit  in  f^onie  eases  the 
smaller  IbrnLs  art*  more  alnindant,  Karyukinetie  fignri's  may  be 
found  in  the  nneli'i.  Polyehrnniatui>hilia  and  Imsir  granulation 
are  generally  present.  The  leukocytes  rnay  be  tieereascd  or  nor- 
mal in  number ;  in  the  late  stages  leukocytosis  is  not  unconinion, 
and  it  may  become  extreme*  The  larger  mononuclear  IenktK?ytes 
are  usually  more  abundant  tlian  in  liLalth,  and  myelocytes  often 
tM'rnr  in  eoosiilcrablc  n timbers.  In  t!ie  terminal  leukocytcMBis  of 
penneious  anemia  tlie  lymphoe*ytes  often  j^redominate. 

The  filirin-laetors  have  lM?en  found  in  inertia sed  quantitj"  in 
chemieal  exannnations,  and  idbnmoses  (peptone?)  and  excessive 
quantifies  of  xanthin-bodies  have  hern  deteetetl  in  some  cases. 

Pathologic  Physiolog^^*— Pernicious  anemia  has  many  char- J 
aeteristies  of  an  intoxication,  and  there  are  uniloiibtcdiy  toxic" 
bodies  in  the  bli)od,  whether  these  beess«^ntial  or  tnfidentab  Some 
investigators  claim  tu  have  obtained  putresein  and  cadaverin  from 
the  urine*  Tht-re  is  more  active  metabolic  tissue-eonsimiption  than 
in  health  ;  but  tlie  relations  of  oxidation  to  some  of  the  secc>ndary 
lesions  of  the  disea.se  require  further  study. 

APLASTIC    ANEMIA. 

Occasional  eases  of  severe  anemia  running  a  rapid  course  to  a 
fatal  termination  have  been  reported,  in  which  the  bone  marrow 
has  show^n  a  high  grade  of  hypoplasia  or  even  total  aplasia.  In 
these  case?*  tlie  IiIoikI  gives  evidence  (great  redn4'li(ni  of  the 
proportion  of  polymorphonuclear  cells,  relative  and  actual  increase 
of  lymphocytes  ;  absence  of  niy<'hx"ytt^s  and  very  ivw  nuc]eated| 
red  cells)  of  the  inactivity  or  aplasia  of  tlie  marrow.  Tlicse  cases 
eeem  pn>perly  classilialUe  as  severe  types  of  progressive  pernicious 
anemia  in  which  the  res|K>nse  of  the  bone  marrow  to  the  demand 
for  hentogencsis  is  nearly  or  quite  wanting. 

The  l>one  marrow  is  yellow^  or  white  and  on  microscopic  section 
the  specific  marrow  cells  may  lie  wholly  wanting. 

LEUKEMIA. 

Befimtioti. — Leukemia  is  a  disease  of  the  hemogenic  oi^ns, 

characterized  by  increase  in  the  munber  of  leukocytes  in  the  clr- 
cnliiling  blooi!  and  by  j>atboli)gic  ehanges  in  the  bone-marrow, 
spleen,  and  lymphalie  glands. 

Etiology.— Various  diseases  (malaria,  sj^hilis,  rickets,  etc*) 
have  been  regardetl  as  pre<iisposing  causes.     Tlie  same  is  true  oi 
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pregnancy,  laoLition,  trauniutiani,  cxposnn',  and  other  influences. 
Sometime.^  tiereility  t^eeinB  to  be  an  irn]»ortnnt  element 

Infection  lias  been  ^suHix^cted  n^  the  direct  cause  of  leukemia  hy 
many  observers,  and  various  forms  of  bacteria  have  been  discovered 
in  the  blood  and  tissues.  There  are  etrtainly  s^jme  very  striking 
facts  ill  favor  of  an  infectious  nature,  the  most  imiwrtant  being  the 
apparent  contagiousness  in  a  tfw  cases.  The  various  nnero-or^an- 
isms  need  not  be  enurnerat*'d,  as  none  of  them  has  been  prove<I 
to  he  pathogenic.  Bodies  rcMiiihling  protozoa  have  been  found  in 
tlie  bltMid  and  in  the  organs  (lymphatic  glands),  hut  the  nature  and 
signiiicanee  of  tliese  are  imcertain. 

It  is  impossible  to  classify  leukemia  with  certainty,  but  the  evi- 
dence at  present  seems  to  justify  tln^  belief  that  it  represents  a 
neoplastic  or  tumor-like  process.  Reference  to  this  aspect  nf  the 
matter  will  be  found  under  the  headings  of  Lympiiadenoma  and 
Chioronia. 

The  relations  of  the  lymphatic  lesions  to  the  condition  of  the 
blood  requires  consideration.  Virchow  held  that  active  prolifera- 
tive change  in  the  lympiiadenoid  tissues  is  the  pathologic  foun- 
dation of  the  disease  and  the  source  of  the  increased  numbers  of 
leukocytes  in  the  blootl.  This  view  was  strongly  su|}ported  by 
Flemming's  discovery  of  karyokinetic  changes  in  the  cells  of  the 
lymphatic  glands  and  spleen.  Another  school  of  pathologists 
maintained  that  the  increased  proporti4in  of  leukocytes  results 
from  retardation  in  leukrwytic  destruction,  and  that  the  jjcculiar 
lesions  of  the  lymphadenoid  tissues  result  fntni  the  deposit  of  the 
leukocytes  f  mm  tlic  bloocL  Most  authorities  agree  that  there  is  some 
dejwsition  of  this  kin<l,  but  hohl  to  the  view  of  \Vireln>w  that  the 
enlargement  of  the  lymphatic  organs  comes  in  the  main  from 
primary  t  lis  ease  of  the  affected  parts. 

Pathologic  Anatomy, — Tiie  lesions  of  the  solid  organs 
principally  occur  in  the  spleen,  the  Ijone-marrow,  and  the  lym)iliatic 
glands,  and  the  terms  lienal  or  splenic,  medullary  or  myelogenous, 
and  lymphatic  leukemia  are  appbed.  In  the  majority  of  cases  the 
spleen  and  l>one-marrow  are  involved,  and  the  name  lienomedul- 
lary  leukemia  is  used.  Pure  lymphatic  leukenna  is  comparatively 
rare,  Init  involvement  of  the  lymphatic  glands  with  the  spleen 
and  l>one-marro\v  is  common.  Uecent  observations  tend  to  show 
that  all  fortns  ot  leukemia,  even  tlie  lymphoid,  begin  primarily  in 
the  l)one- marrow.  If  speedily  fatal,  the  lesions  may  be  confined 
to  the  marrow, 

(The  4'hanges  met  with  in  the  lymjjhatic  structures  are  dii^^ussed 
in  the  ap[>ropriate  sections  ajid  in  the  chapters  on  Tumors,) 

In  a  few  instances  tlie  priioary  lesion  was  lympliatlcnonui  of 
the  thymus  gland  or  its  rcmjuint.  Occasionally  the  primary  dis- 
caae  is  in  the  lym|»hadenoid  tissues  of  the  gastr*»-intestinal  tract. 
Primary  dermal  leukemia  has  been  describetl  (lymphodernda 
pernieiosa),  but  is  not  satisfactorily  established. 
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Among  the  secondary  lesions  are  lymphoid  infiltrations  of  the 
liver,  kidim>,  lungs,  heart,  and  otlicr  tissues.  The  organs  show 
areas  of  light  eolor,  or  a  streakeil  ur  mottled  apj>earance,  due  to 
the  deposition  uf  masses  of  lymphoid  cells  (Fig.  147).     Secondary 


Fio.  IC—Lymphold  ia&ltraUons  between  the  renal  tubuit^,  from  a  caae  of  leukemia. 


degenerations  of  the  heart,  liver,  and  kidneys  may  result  from  the 
lymphomatous  deposits,  or  from  the  impoverished  state  of  the 
bliMwl  and  the  presence  of  toxic  sobstances.  Scleroses  of  the 
spinal  cord  may  \w  met  with,  as  in  jMTnieioiis  anemia. 

The  Blood. — The  blcnxl  is  often  light  in  color  and  may  be  quite 
milky  in  appc^nince.  The  sjx^ifie  gravity  is  lowered.  The 
alkaline  reaction  is  less  decided  than  normal,  and  in  some  cases 
the  reaction  has  been  fi>imd  acid,  probably  from  nipitl  change  after 
removal  from  the  body.  Coagulation  is  skiw.  This  has  been 
attributwl  to  the  presence  of  albumoscs  in  the  bliKxi. 

The  eonspicnoiis  tetiture  in  the  bimxl  is  the  inert^stxl  number 
of  IenkcR\vtes.  In  moderate  eases  there  are  from  100,1)00  to  300,- 
(KK)  white  corpuscles  per  eu.mm.  In  severe  castas  the 'number  is 
greater  ;  while  in  mild  or  l>eginning  cases*  or  in  cases  under  active 
treatment,  the  mimber  may  for  a  time  be  normal  or  subnormal. 
I  have  at  tl»e  present  time  under  observation  a  c*asc^  in  which  the 
lenkixytes  have  fallen  to  3,04X)  from  5W,tXMl  per  cu.mm.  Rapid 
fluctuations  in  number  are  very  corainon. 

Tlie  study  of  the  blood  IchI  Virchow  to  distinguish  two  forms 
of  leukemia :  that  in  which  small  forms  of  leukocytes  pre- 
dfMniiiate  (lymphemia),  and  that  marked  by  the  excessive  number 
of  large  cells  (splenemia).  This  distinction  may  still  be  made^ 
but  the  significance  attributetl  to  it  as  an  indication  of  the  organs 
primarily  affected  cannot  now  be  sustaintxl.  It  is  tnie  that  tu 
myeloiil  letikemia  large  cells  usually  predominate^  while  lympho- 
cytes are  conspicuous  in  lymphatic  forms  of  leukemia;  but  Ininst^ 
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tioiial  eases  rob  the  distinction  of  its  pi-aetieal  importance.     It  is 
here*  retiiinetl  lor  th^  sake  ol*  convenience  of  desciription. 

Myeloid  Type. — The  blood  presents  n  great  excess  of  white 
eorpnseles  and  more  or  les?s*  decided  jKjverty  in  red  cells.  The 
pn^portion  of  white  Uy  red  corpuscles  is  often  1:3,  1 :  2,  or 
even  1  ;  1,  The  larger  nmnoniielear  leiikoeytes  (including  normal 
niononuelear  iind  transitional  elements  and  myelocytes)  predomi- 
nate over  the  lymphocytes  and  polymorphomielear  elements  (Fig, 
148).     The   latter  two    forms,    however,  arc   actually    increased. 


Fio.  14i8  ^Blood  in  lienomeduUary  leukemia,  ihowlng  ieTcral  tDO^noouckar  neutro> 
ptolle«  (myelocytt'B),  one  |Jijlym*>rf>hti nuclear  neulrofihilt,  «n<i  an  eosinophlle ;  •  nucle- 
ated red  corpuscle  and  a  lyiupbocyte  are  seen  In  the  lower  part  of  the  illuatration ;  ■talned 
with  Ebrlich's  triple  mixture. 

Myelocytes  are  usually  found  in  great  numbers,  and  are  an  evi- 
dence of  implication  of  the  bone-marrow.  There  i8  usually  an 
actual  increase  in  the  number  of  eosinophile  elements,  but  the 
pereentage-proportion  is  rarely  increased.  Basophilic  leukocytes 
(mast-eells)  are  prcs^^^it  in  numbers  greatly  in  exees,s  of  those  found 
in  health.  Ivaryukiuetie  leuk*xn'tes  are  found  in  small  numbers* 
The  red  corpuscles  present  the  usual  features  of  anemic  lilootl,  and 
nucleated  forms  are  jmrtieularly  abundant.  This  is  regarded  as 
an  evidence  of  disease  of  the  hone-marrow. 

A  peculiar  constituent  of  the  blood  are  the  Charcot-Neumann 
crystals.  These  are  ptdyhedral,  needle-shaped  crystals  of  un- 
certain composition,  met  with  in  the  Mood  after  death  or  some 
time  after  removal  from  t!ie  body,  and  exceptionally  in  the  fresh 
bloo<l.     They  were  first  detected  in  the  bone-marrow. 

Acute  Myeloid  Leukemia. — A  few  eases  of  tlifs  character  liave 
been  repuited.  Thrv  cannot  readily  be  distinguished  frum  certain 
types  of  acute  lymiihatic  leukemia  and  cases  of  chit>nic  leukemia 
with  acute  exaeerbatituis. 

Lymphatic  Type. — The  leukocytosis  is  less  marked  than  in  the 
myeloid  type.  The  lymplKX^ytcs  predominate  (Fig.  149),  but 
actual  exccs,s  of  large  mononuclear  forms  and  polymorpiinuu- 
clear  leukocytes  is  observed.      Myelocytes  occur  in  small  num- 
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bers ;  exceptionalhr  in  coDBidenible  proportion.  The  nmnber  of 
red  corpuiicles  is  decreased,  and  nucleated  red  cells  mav  be  present. 
▲cote  Lfmphatic  Lankemia. — This  seems,  in  some  respects,  a 
distinct  type  of  the  disease,  and  the  symptoms  are  strmiglT  sug- 
gestive of  an  infectious  condition.  The  duration  is  usually  fiom 
a  few  weeks  to  a  few  months  after  the  first  symptoms  are  noted. 
(jrastro-intestinal  lesions  (ulcers  in  the  mouth,  stomach,  and  intes- 
tines) and  hemorrhagic  manifestations  (purpura)  are  frequent. 
Moderate  enlargement  of  the  lymphatic  tissues  and  lymphoid 
infiltrations  of  the  organs  are  discovered,  and  parenchymatous 
changes  i  n  the  organs  are  constantly  present. 
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Fio.  149.— Lymphatic  leukemia,  showing  excess  of  lymphocytes. 

The  blood  shows  a  varied  picture.  The  total  number  of  leu- 
kocytes may  var)'  from  a  very  moderate  increase  alwve  the  normal 
to  several  hiiiulrofl  thousands  i)er  cu.  mm.  Mononuclear  elements 
are  conspicuous,  the  predominating  cell  being  an  atypical  lympho- 
cyte. The  nuclei  are  large  and  round  and  stain  faintly ;  the  proto- 
pla.sm  forms  a  narrow  rim  around  the  nucleus.  The  polymorpho- 
nuclear cells  and  eosiuophiles  may  he  actually,  hut  not  relatively, 
inereas^'d  in  number ;  myelocyt(»s  are  occasionally  present.  Con- 
sidenihle  reduction  in  the  number  of  red  corpuscles  is  a  usual 
fifatiire  of  acute  IcMikemia.  Nucleated  red  corpuscles  (especially 
nonfioblast.H)  ar<j  generally  quite  abundant. 

Pathologic  Physiology. — leukemia  is  usually  a  progres- 
siv'ly  dchfriietive  diw^a.ne.  The  nature  of  the  disturbances,  how- 
ever, in  only  jmrtlv  known.  The  blood  contains  toxic  substances 
geriented  by  leukocytic  destruction  (xanthin-bodies)  and  acids 
(la/'ti^-,  fU'j'i'u'^  etc.).  Albumoses  are  present  in  varying  propor- 
tion*i,  juid  jirolmbly  play  an  important  part  in  the  pathology.  The 
urine  fr'-oiM-nf  Iv  eontaius  an  excess  of  xanthin-bases  and  uric  acid. 

HODOKIN'S  DISEASE. 

iVud'/h'uki'mia,  or  Ilfnlgkin's  disease,  resembles  leukemia  in 
ihit  U^Umii  of  iIm?  w/lid  organs,  but  differs  in  that  the  blood  does 
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not  present  an  ineroasc  in  the  ninnlKT  of  Jpokorytes,  or  at  most  a 
very  modorate  increase.  The  lyniphatie  gknilseiilnrge  tnoro  quick ly 
tluiu  in  h^nkeraiii,  an<l  the  spleen  and  marrow  are  less  frequently 
involved,  btit  otherwise  no  dirttinetion  can  he  made.  Cases  of 
Hodr^kin's  disease  sometimes  becimie  converted  into  knikemia, 
and  the  reverse  has  been  known  to  take  place.  It  has  lieen  held 
by  some  that  Hodgkin's  disease  represents  an  alcnkeniic  stage  of 
the  same  disease  {see  Lyraphadenonia). 

PseudoleukeiTiia  Infantum* 

jjnder  this  name  von  tfaksch  des(*ribed  a  fitrm  of  leukoeytosia, 
^tb  eukirgeraent  of  the  spleen  aud  liver,  <K*eurring  in  ehildren, 
'jTliere  ;is  nipid  aud  excessive  oli^oeythemia,  and  the  lenkoeytosis 
is  pi;oj;),v'mced.  Leukocytes  of  all  types  arc  present^  iiud  ^rivc  to 
the  blgod  a  curiously  variegated  ajqica ranee.  There  is  no  striking 
dit!crt.'uee,  however,  from  the  eharaeters  of  the  blood  met  with  in 
other  cases  of  lenkocytosis*  in  infancy.  Rickets  and  congenital 
syphilis  seem  to  be  closely  related  to  tins  ihrm  of  disease* 

The  enlargement  of  the  spleen  and  liver  is  not  of  the  nature 
of  tliat  seen  in  leukenxia  or  lloilgkin's  disease,  but  is  simply  a 
.chronic  hyperplastic  condition. 

FOREIGN  BODIES  AND  PARASITES, 

Foreign  Bodies  in  Blood. — ^ Various  kinds  of  imrticJes  may 
gain  ac^^css  to  the  lilood-eurrent  and  may  be  carried  to  peripheral 
parts  of  the  circulation.  In  authnieosis  a  1}  nipliatir  ghind  may 
attach  itself  and,  alter  softenings  rupture  into  a  vein,  1'he  ]>arti- 
cles  of  earbnn  are  thus  distributed  in  the  blood.  Small  p*jrtions 
of  tumors,  of  the  hcait-valves,  cah'areous  particles  from  ath{Tom* 
atous  plates,  ami  jujrtifins  of  throndii  arc  fretjucntly  transported  by 
the  blood.  Chareot  crystals  are  met  with  in  lenkcmia,  and  pig- 
mcnt-matter,  due  to  disintegration  of  the  blood  it^elfj  is  seen  in 
malaria. 

Parasites  in  the  Blood.— Among  the  animal  i>arasite8  are 
the  malarial  pkisuiodiunij  which  occurs  within  the  red  corpuscles 
or  free  in  the  [ilasiou  ;  the  Sehi>tosiimum  ha?matobium,  which  occu- 
pies the  |x>rtal  vein  ;  the  erubryos  of  the  I'ilaria  Bancrofti  and 
the  Try  panose  Kua.  (These  are  more  fully  described  in  the  sect  it  m 
on  Pnmsites.)  Portions  of  hydatid  cysts  or  of  eysticeri  and 
trichinte  are  occasionally  cuJivevcd  in  the  eirculatiou. 

Vegetable  Parasites. — Moultl-fnn^i  sometimes  gain  entrance 
into  the  circulation  and  lead  to  serious  embolism,  as  docs  also  the 
fltreptothrix  actinomyces.  Of  the  pathogenic  bacteria,  the  spiril- 
lum of  relapsing  fever  and  the  bacillus  of  anthrax  are  most 
abtnidant  in  the  bhxxJ.  Other  micro-organisms  arc  more  difficult 
of  demonstration,  though  niicrocoeci  of  suppuration,  the  bacillus 
o{  influenza,  aud  even  tubercle-bacilli  have  been  detected. 
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CHAPTER   II, 


DISEASES  OF  THE  LYMPHATIC  TISSUES, 

THE  SPLEEN. 

Anatomic   Considerations. — The   spleen   is  practically  a 

complicated  lymphatic  gland  with  close  relatione  to  the  circula- 
tion* It  ia  enclosed  in  a  fibrous  capsule,  from  which  trabeculse 
enter  into  the  substance  of  the  organ  and  give  off  subdivisions 
that  unite  an<l  form  a  framework,  in  the  meshes  of  which  lym- 
phoid tissue  is  cnibcddciL  The  splenic  artery  enters  at  the  tiilum 
and  sulxlivides  into  numenvus  branches  which  traverse  the  tra- 
becubi?,  Sitle  branches  are  given  off  from  the  traljeeular  arterioles  ; 
these  penetrate  the  splenic  pulp  and  are  surrounded  l>y  denser 
aggregations  f>f  lymph -eel  Is,  which  are  visible  to  the  naked  eye  a& 
the  Malpighian  hoilies.  All  of  the  terminal  arteries  discliarge 
their  blootl  directly  into  the  spaces  of  the  splenic  pi  dp,  imm  which 
it  is  re-collected  into  the  veins.  The  spaces  contain,  in  addition 
tc»  lymphoid  cells  and  red  l>luod-corpusch^s,  larger  cells  often  con- 
taining pigmeot-gmiudes  or  even  small  blood-coqniscles* 

The  weight  of  the  spleen  in  the  adult  varies  fmm  140  to 
200  gm. 

The  splenic  function  remains  in  doubt*  It  seeing  to  have  some 
connection  with  the  process  of  manufacture  of  leukocytes,  and  is 
one  of  the  sources  of  red  bl<K)d-corpuscIes.  It  may  also  be  the 
place  of  destruction  of  red  eorpusclcs^  and  in  cases  of  general 
hemolysis,  or  l)lotMl-ilestnietion,  tJie  blofKl-pigmentand  fragmenteil 
coq>useles  are  esix'cially  arrested  in  this  organ. 

Pathologic  PhysiologT,— The  relations  of  diseases  of  the 
spleen  to  the  genera!  health  are  still  obscure.  It  lias  been  held 
by  some  pathologists  that  this  orgsin  plays  an  impirt-ant  part  in 
the  pnx^ess  of  immunization  or  cond>atiug  iidcctions  diseases.  The 
fact  that  imrteria  and  foreign  bodies  circulating  in  the  blotKl  are 
arrested  in  the  spleen  to  such  a  large  extent  warrants  the  suspicion 
that  this  organ  is  important  in  arresting  irritants,  and  thus  pre- 
venting their  gaining  access  to  more  vital  parts.  Experimenters, 
however,  have  found  no  nniform  increase  of  susceptibility  to  niicro- 
organismal  inoculation  on  tiie  part  of  despleuctizcd  animals.  For 
tlie  present,  therefore,  we  can  only  suspect  that  remf>val  or  disease 
of  the  spleen  renders  individuals  more  vtdncnible  to  infections. 

The  eU'ect  of  removal  of  the  sph?en  in  lumian  beings  is  sur- 
prisingly slight,  A  certain  amount  of  anemia  and  general  deteri- 
oration of  licalth  follow  the  one  ration,  but  seem  to  l)e  the  result 
of  the  oiK'mtion  per  sc^  rather  tnan  of  removal  of  the  organ.  Sub- 
ftefpiently,  complete  health  is  regained.  Some  compensatory  (?) 
enlargement  of  the  lyrapliatic  glands  has  been  observed  after 
splenectomy. 
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ABNORMAL  DEVELOPMENT  AND  SITUATION. 

Coinplete  ab^iice  of  the  spleen  has  sometimes  been  noted  in 
children  that  lived  for  several  years.  More  commonly  slighter 
defects,  such  as  unusual  small ness  or  excessive  lobulatioUj  occur. 
Very  often  small  aceessory  spleens,  the  size  of  a  pea  or  a  marble, 
are  found. 

Movable  Spleen. — The  organ  nmy  be  quite  movable,  either  as 
a  congenital  condition  orai4  the  result  of  enlargement  and  resulting 
traction  upon  its  attaehments.  Dowuwartl  displacement  and 
movability  are  freqiieutly  found  in  cases  of  splanehiio ptosis. 
Twisting  of  the  pedicle  of  a  movable  spleen  may  lead  to  stran- 
gulation of  the  circulation  and  consequent  necrosis. 

GIRCULATORY  DISTURBANCES. 

Anemm  may  occur  in  eases  of  general  anemia  resulting  from 
hemorrhage  or  inanition.  The  spleen  presents  a  contracted  appear- 
ance, the  i-apsule  being  wrinkled,  and  on  section  the  substance  is 
found  to  be  lighter  in  color  and  the  hbrous  stroma  is  more  prom- 
inent tlian  norma  h 

Hyperemia  may  be  active  or  pa,ssive.  Avtive  hypereriua  is  a 
physiologic  condition  during  digestion,  when  tlie  spleen  increases 
somewhat  in  size.  Intense  congestion  oc^curs  in  a  number  of  dis- 
eases, but  so  commonly  passes  intr>  inflammation  that  it  will  l)e 
des(.^rihed  under  tliat  heading.  FaHmre  t*ottf/r^ffim  is  most  marked 
in  eases  of  cirrhosis  of  the  liver,  but  also  o<'curs  in  association 
with  hyjK'remia  of  other  organs  as  the  result  of  cartliae  failure,  of 
emphysema,  or  of  other  diseases  obstiucting  the  larger  venous 
channels.  The  spleen  is  greatly  enlarged  and  of  a  dark-red  color, 
and  the  capsule  is  tjflen  tensely  distended  ;  the  Malpighiau  bodies 
are  less  visible  than  normally.  After  long  continuation  of  the 
process  hyperplasia  of  the  tmbecuhe  and  the  fibrous  strcmia  gen- 
enilly  takes  place.  The  spleen  may  be  greatly  enlarged  and  very 
dense  at  this  stage.  Subsequently  contraction  of  the  newly-formed 
fibrous  tissue  may  lead  to  atrophy  of  the  proper  splenic  substance 
and  increased  induration  of  the  organ  (fifanofir  iiidunrllou),  Con- 
siderable iHgmentation  is  Ibund  in  such  cases  from  the  destruction 
of  the  stagnated  bIntHi  (see  page  402),  H,  A.  Christian  in  a  study 
of  the  spleen  in  cases  of  chronic  pnssivc  <'ongestion  and  cirrhosis 
of  the  liver  tbuufl  no  change  of  any  kind  m  tlie  Malpighian  bodies 
of  the  spleen.  The  }adp  was  relatively  poor  in  cells  and  the  1)1  ood 
sinuses  generally  dilated.  There  was  also,  as  a  rule,  a  definite 
layer  of  low  cuboidal  endothelial  cells  lining  the  sinuses.  In  a 
majority  of  the  eases  there  w^as  increase  of  tlie  connective- tissue 
frame-work.  In  the  ten  cases  with  no  increase  in  couneetive- 
tissue,  tlie  sjdeen  felt  almost  equally  firm,  showing  that  the  firm- 
ness was  due  to  vascular  distension.  The  same  factor  probably 
enters  into  the  production  of  firmness  in  all  of  the  cases.     Pro- 
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I=&trxcii>a  *>f  tile  redcolar  ds^soe  <^  the  palp  with  little  orno  cfaai^ 
lo.  che  wkite  fibn)as^  ami  eb^^tic  tissue  of  the  oqean,  constituted 
^ut  amm  otioneetive-daiHie  cbmge.  An  iaen»^e  of  coDnective 
rl'sHK  xroanii  the  ^mall  splenic  arteries  ami  within  the  Malpighian 
';»&*•  wa»  ^^mecinies  seen. 

IT<  ■MMiliUf^i  H  in  the  sfdcen  may  be  die  icsoh  of  trmnmatifiniy 
w&iu  krse  bematomata  mav  form,  ersfjectalhr  just  beneath  the  cap- 
fide:.  Stnall  arca^  of  hemorrhage  are  not  infneqoent  in  intoise  in- 
fe»irif»  with  ^pleniti:^.  but  it  is  difficult  to  draw  a  line  between 
kof^rTtm^  azul  the  overfilling  of  the  smces  by  congestion^  since  the 
ft&Md  rimler  m>rmal  ct>nditioos  enters  directlj  into  the  :?plenic  polp. 

Bmliolisni  of  the  $pl«ue  artery  is  very  common  in  cases 
of  ^nii*j«^aniitis  or  thrombtisis  in  the  left  heart  (nt  aorta.  As  the 
«frlf»en  *!rjpntains  abcmdant  **  terminal  arteries^**  infiiretion  is  the 
er^ucTipQ  r^solt.  The  area  may  remain  light  colored,  a»stitutii]^ 
aa  lOff^mic  ixL^irct :  or  it  may  become  overfilled  with  bloody  when 
hwoTirrfiagie  in&rction  results^  In  either  case  there  is  a  wedge- 
y^eped  L^ion.  with  the  base  toward  the  surfing  of  the  organ  and 
the  apex  within,  harder  than  the  surrounding  tissue,  and  usually 
jfioiirwhat  elevati^L  The  swelling  and  elevation  in  the  case  of 
flKmie  m£fcrcti«ja  are  partly  due  to  a  xone  of  hyperemia  which 
■ffttfly  snrroanJs  it.  Complete  resolution  may  occur,  but  more 
ewrvmooly  the  area  involved  undergoes  coagulation-necrosis  and 
«r/fonm;r.  ami  ai  ahsorptkni  takes  place  fibTv>us  overgrowth  gives 
riNr  D>  th«=:  t*>rmation  of  a  scar.  There  may  be  numenHt»  infarcts 
rf  «mall  rizir^  of  a  siogle  large  one  sometimes  occupying  as  much 
ai(  half  of  the  organ.  (Septic  intarvtion  and  its  results  are  dis- 
ftKnetl  under  Abscess  of  the  Spleen.) 

Thrombosis  of  the  splenic  vein  may  occur  in  association  with 
thr-j<nfi*>:-i  ».f  the  portal  vein.  It  causes  inieose  passive  hvpere- 
r&Ia  fyZ  i:.^,  .^pleen.  OL*casionally  calcification  of  thrombi  gives 
rl-^  tjj  tri-  formation  of  splenic  itonc^ 

INFLAMMATION  OF  THE  SPI.EEN.  OR  SPLENITIS. 

.Spirniti-  ft^nr^  in  a  variety  of  couditions,  and  may  present 
it«f-[f  in  -^vrrA  forms,  among  which  the  acute  enlargement  of  the 
•Tfl^n  of  intVt^titMLs  diseases  and  kx^lizeil  splenitis,  or  abscess  of 
ti*«r  •pi^n.  are  the  principal. 

DiflRttse  Splenitis. — The  splenic  enlargement  of  infection 
c^r^Tir-  ricirticularly  in  typhoid  fever,  malaria,  septicemia,  t^-phus, 
an^l  r»rlafr?in'^  fevers ;  and  less  niarktxlly  in  pneumonia,  scarlet 
f'rver.  •mall-piiX,  and  influenza.  In  the  earlier  stage  the  spleen  is 
rimpjy  fftwy^ii^i  an«J  presents  a  dark-red  color :  is  firm,  and  the 
<:2Lp^nl^.  m'^n^  or  less  distended.  On  section  the  Malpisrhian  bodies 
are  usually  ob^*:nre<l,  and  there  may  be  visible  areas  of  hemorrhagic 
extravasation.     Microscopically  at  this  stage  the  blood-vessels  are 
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all  found  overdisteiuledj  and  the  spaces  Avithin  the  splenic  pulp  are 
filled  with  red  and  white  blotid-eorpuscles.  If  the  process  lias  con- 
tinned  for  some  time,  piii^nient-masses  and  tlegenemted  eorpnscles 
are  visible,  bat  there  are  as  yet  no  evidences  of  iriflainmatory 
hyperplasia  of  the  splenic  pulp  or  stroma. 

As  the  process  advances  the  spleen  may  become  softer  and  may 
be  quite  diffluent.  On  section  the  substiinee  is  now  found  to  be 
lighter  in  colur,  the  Xralpighian  brnlies  are  distinct,  and,  pjiilieu- 
larly  in  violent  septic  eases,  nve  decidedly  prominent,  presenting 
themselves  as  yellowish-gray  punette,  somewhat  resembling  miliary  . 
tubercles.  The  capsule  of  the  organ  may  still  be  tensely  distended, 
but  in  other  cases  is  wrinkled,  as  if  some  shrinkage  of  the  spleen 
had  (weurrrMl  in  the  change  from  the  first  stage  of  t^Dngcstion  to 
that  of  well-defined  iuflaTuniatioo,  Microscopically  there  is  now 
apparent  a  great  increase  of  the  cells  uf  the  splenic  pulp,  particu- 
larly of  those  constituting  the  Malpighian  iKxlies.  That  this  in- 
crease is  partly  at  least  due  to  active  proliferation  is  kno\\n  from 
the  abundance  of  mitoses.  There  is  also  hyperplasia  of  the  stroma 
and  trabeeuhe,  and  of  the  endothelial  cells  oi'  tlic  spaces. 

Ill  still  later  stages  signs  of  degeneration  may  beeonie  prominent. 
This  is  apparent  in  the  increasing  softeuing  of  the  tirgan,  wliile 
under  the  mieroscojje  tliere  are  foiuiil  cellular  degenerations  leading 
to  the  formation  of  detritus,  to  fragmentation  of  the  nuclei  of  the 
cells,  and  to  pigmentation  l>y  disintegnition  of  red  bh)od -corpuscles. 

Terminations.— Most  frequently  complete  resolution  c»ccurs. 
Sometimes,  however,  persistence  of  the  inflammation  is  not<id  ; 
and,  when  rcjMjated  attacks  of  tlu'  inleetion  oe(\^sion  repeated 
attacks  of  splenitis,  eli*v>nic  iullammatory  hypcr|>lasia  is  the  result. 
This  is  especially  marked  in  the  "ague-cake"  spleen  of  malaria. 
Spontaneous  rupture  or  rupture  frtan  slight  traimia  may  result 
from  the  softened  and  tlistcn<led  cruidititm  cif  the  organ.  Finally, 
suppunifion  may  ensue,  either  in  the  furm  ^rf  a  ditfuse  softening 
and  [Uirulent  infiltration  of  the  entire  orgjin,  or  in  the  form  of  a 
loe.di/ed  idjscess  begum ing  at  the  jx tint  of  greatest  involvement, 

Ciretimscribed  Splenitis,  or  Abscess  of  the  Spleen. — 
This  may  be  tlni  termiuatioo  of  an  acute  diffuse  splenitis,  i)artieu- 
larly  in  septicemia  and  typltnid  fever ;  ijr  it  may  be  caused  by 
extension  of  diseases  of  neigh Imring  structures,  by  septic  embo- 
lism, or  traumatic  injuries.  In  tTie  last  ease,  the  mechanical 
injury  of  tfie  spleen  merely  furnishes  suitable  conditions  fi>r  the 
action  of  bacteria  conveyed  to  it  through  the  circulation,  or  the 
spleen  is  actually  penetrated  and  infected.  Occasionally  abscess 
nuiy  result  from  tlic  perforation*  of  gastric  ulcers  or  from  the  ex- 
tension of  other  inflammatioTis  in  the  vicinity.  An  important 
group  of  cases  is  that  in  whicli  the  abscesses  arc  embolic  and 
metastatic  (Fig.  loO).  Such  cases  are  met  with  in  malignant 
endocartlitis  or  thrombosis  of  the  heart  or  aurta,  and  in  cases  of 
pyemia  following  other  infective  conditions.     The  first  efl*eet  of 
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the  embolism  is  an  hcmorrlia^ie  or  anemic  infarction,  but  this  soon 
undergoes  suppurative  s*jfteTiing,  beginning  at  the  apex  of  the  in- 
&rct.  Metastatic  abscesses  are  most  common  near  the  surface  of 
the  organ  and  are  usually  multiple,  though  a  singie  cavity  occupy- 
ing the  greater  part  of  the  oi^n  may  ooeiir.  Small  collections 
may  liecome  abs<3rbed  or  in^?pissated,  leaving  a  necrotic  or  cheesy 
collection  as  a  residue.  Lar^r  collections  may  be  discharged  by 
perforation  into  the  stomach  or  intestines,  or  they  may  break  into 
the  peritoneal  or  plural  cavity^  causing  iseptic  peritonitis  or  pleuritis. 


Fio.  ldO.'£mboUc  Abscess  of  the  sple«n  (IVoni «  specitaeti  In  the  MuEeum  of  the  FbllAdil* 

Chronic  Inflammation  or  Chronic  Hyperplasia  of  the 
Spleen^ — Attention  lias  already  been  called  to  the  slow  hyper- 
plasia of  the  connective  tissue  and  sometimes  of  the  splenic  pulp 
occurring  in  consequence  of  chronic  passive  congestion  and  of  rt*- 
peated  attacks  (»f  acute  splenitis.  The  spleen  is  large  iu  size  and 
firm.  The  capsule  is  often  tensely  tlistendeil  and  may  be  greatly 
thickened.  The  thickening  is  either  diffuse  or  eircumscribe<l, 
patches  of  almost  cartilaginous  hanlness  occurring  in  the  latter 
case.  Attachments  by  fibrous  adhesions  may  f\.x  the  spleen  to  the 
diaphmgm  or  the  ncighhoring  organs.  On  section  the  spleen  is 
found  *iark  m  color  frtini  the  presence  of  abundant  pigment,  and 
the  excess  of  fibrous  tissue  may  be  visible  to  tlie  iiaketl  eye.  Mi- 
croscopical ly^  increased  thickness  of  the  fibrous  trabecule  and  of 
the  walls  of  the  small  bloo<J-vessels  and  pigmentation  with  altered 
bloo^l-pigment  are  the  conspicuous  featon^s. 

A  somewliat  different  form  of  chronic  hyperplasia  is  dependent 
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ujMHi  syphilis,  esi>eemlly  upon  the  eoiigHjital  form.  In  this  the 
appearances  are  m\u\\  the  Siune  as  in  the  eases  foHawinjT  splenitis 
or  eontrrslinn,  but,  as  a  nile,  tlie  enl<ir  is  somewhat  lig^hter  from 
\\kv  iaet  tliat  the  process  is  a  shmly  hypeii>histie  one  witliotit  aeiite 
jnttamniatory  or  eonj^estive  manifestations.  Somewhat  siniihir 
a ppva ranees  rc^solt  fnun  rickets. 

Splenic  Anemia  ;  Splenomegaly,— These  terms  have  been 
nsed  tfi  i]eseril>e  a  elinieal  eontlition  <listingnishe*l  hy  ciironic 
enhirgenieut  nf  thv  sphcn,  ^astn intestinal  ^listnrUanecs,  a  tend- 
ency to  liemorrhages  fr(»in  tijf*  stomiich,  and  later  by  proi^ressivc 
weakness  and  ascitc*s.  Ani'miii  of  ehlorotie  type*  may  ocenr, 
es|K'eially  in  the  heaiorrhagic  eases,  but  is  not  essential,  and  the 
name  splenic  uneniia  is  therefore  ill-elHisen.  The  development  of 
ascites  is  dtie  to  secondary  cirrlnisis  of  the  liver.  Casi's  j>resenting 
tins  association  arc  <lcsi^natcd   fhtntpH  i//^ir/^r. 

The  etiohigy  and  nature  of  these  cases  is  probal>ly  varied.  At 
antopsy  s^nncshow  mr^rely  chronic  cong-cstion  of  tlie  spleen,  others 
a  more  delinite  elinmie  liyjw'rplasia,  a  few  have  been  fonnd  to 
pi\!sent  a  peenliar  proiifenition  of  the  cndotbelinm  of  tlie  sinnses, 
if  not  at^tnal  endothelioma  (see  b<df>wL  Formerly  splenic  anemia 
W!is  reiLTfinled  as  a  splenic  tyjte  ni*  HtjdfjkiiiV  disease.  This  view 
1 1  a  -^  1  K*c  n  d  i  s  |  >rt>  veil  \  ly  t  he  a  I )  ^nce  o  f  t  he  lis  n  a  1  h  i  st  o  1  og  i  e  tea  t  u  res 
of  the  latter  disease. 


ATROPHY   AND  DEGENERATIONS. 

Atrophy  of  tlie  spleen  m  very  common  in  old  age.  The  cap- 
j^ule  is  nstmlly  wrinkled  and  somewhat  thickened,  and  on  section 
the  oi^n  is  more  lilirous  in  appearance  on  account  of  atrophy  of 
the  splenic  pnlp  and  proliferation  of  tlie  stroma.  Thickening  of 
the  eapsnie  sometimes  appear^^  in  the  form  of  white  plates  of 
eartilaj^inous  harilness,  which  result  from  inHammatory  over- 
growth id*  the  capsule  ( pfrhpfenttiH  eaiiilaijinea). 

Amyloid  deg'eiieration  occurs  more  frequently  in  the  spleen 
than  in  any  otlier  rn'iran.  The  causes  are  those  which  lead  to  amyloid 
diseavse  elsewhere.  In  moat  eases  the  degeneration  begins  in  the 
Malpip^hian  bodies,  aftecting  the  walls  of  the  blood-vessek  (Plate 
2)  and  the  lynjphoid  elements.  On  section  in  such  a  case  there 
are  seen  small  round  areas  about  tlie  size  of  a  curnint-seed,  of 
gelatinous,  tniuslueent  ai>ix^anince.  Thcs*'  have  been  likened  to 
grains  of  boiled  S4i^^o,anil  the  term  srt//f)-ffj)hTn  is  not  inappropriate. 
In  other  ease  s  a  nmrc  uniform  involvement  of  the  whole  organ  is 
noted,  and  tiie  section  presents*  the  appearance  of  boiled  ham  or 
dried  beet'  Considemhle  enlargement  of  the  organ  is  noted  in 
such  instances,  and  the  tissue  is  much  hanler  tluin  normal. 
Beginning  amyloid  degenemtion  may  be  difficult  to  determine 
microseopie4illy,  but  in  readily  demonstrated  Uy  the  mici-oseopic 
btaining-reaetious  (see  Amyloiil  Degeneration). 
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Hyaliae  degeneration  lias  been  c>bH^er\'ed  in  association 
with  amyloid  and  indqK'iidt^nt  of  the  latter.  It  affeets  the  s?raall 
blocKl-veflsels  ami  tlie  reticuhini  more  partieidarly. 

Pigmentation  is  a  ven^  eommon  result  of  ehronic  congestion 
as  well  as  of  re|K^atefI  acute  splenitis ;  the  spleen  in  eases  of 
cirrhosis  of  the  liver  and  in  ehronie  malaria  is  therefore  habitually 
pigmented.  The  deposit  occurs  first  in  the  walls  of  the  blmxi- 
vessels  atid  later  throughout  the  splenic  structun.^,  either  within  the 
cells  or  lying  free  in  tiie  tissue*  Occasitmally  pigment-particles 
deri\Td  from  the  external  world  are  deposited  in  the  spleen.  This 
is  especially  true  of  dust-part ieles  which  have  reached  the  circu- 
lation fTom  softener]  bronchial  glands.  In  eases  of  diseases  of 
other  kinds  leading  to  discharge  of  foreign  bodies  or  tissue-ele- 
ments into  the  circulation,  the  arrest  not  rarely  ^)ceurs  in  the 
spleen,  and  reactive  congestion  or  inflammation  with  enlargement 
of  the  spleen  may  result  {f^podogenoim  splenitis).  Pigmentation  of 
the  spleen  is  &i^en  in  progressive  pernicious  anemia  and  other  con- 
ditions in  which  hemolysis  occurs.  The  pigments  resulting  from 
the  destruction  of  red  eorpustdes  are  deposited  in  the  liver,  spleen, 
and  (ktlier  organs.  Biliary  pigmentation  of  the  spleen  occurs  in 
various  Ibrms  of  jaundice- 

Calcification  occurs  in  the  thickened  capsule  of  chronic 
fiplenitis  and  in  old  infarcts,  tubercular  or  syphilitic  areas,  and 
occasionally  in  thromlii  of  the  splenic  vein.  Parasitic  cysts  may 
be  surrounded  by  calcification. 


TUMORS  AND  PARASITES. 

I^jrmphadenoma  of  the  spleen,  as  it  occurs  in  the  diseases 

leukemia  and  pseudoleukemia,  like  the  alterations  of  the  lym- 
phatic glands  occurring  in  the  same  diseases,  may  properly  he  in- 
cluded among  the  tumors  rather  than  among  simple  hyperplasia?. 
The  (lisea-se  is  appnipriately  designated  h/mphadpuoma  or  lifnipho- 
mrroma.  The  spleen  may  |>«\rhaps  be  afifected  ])rimanly  in  leu- 
kemia (lienal  or  splenic  leukemia),  but  is  more  likely  alw.iys  in- 
volved after  tlie  bone- marrow  (spleno-myelogenous  leukemia). 
The  api>earanees  of  the  organ  in  leukemia  and  in  llodgkin's 
disease  are  identical.  In  the  earlier  stages  the  spleen  is 
enlarged  and  soft.  On  section  there  is  evidence  of  intense  con- 
gestion, while  at  the  same  time  liglit-t*olored  areas,  representing 
enlarged  Malpighian  l)odies,  are  visible  thn>ughout  its  structure. 
Subsequently  the  hyperplasia  of  the  lymphoid  structures  increases 
and  the  organ  becomes  lighter-colored  and  harder  than  uormaL 
The  pressure  exerted  on  the  splenic  pulp  causes  anemia,  and 
granular  or  pigmentary  degeneration  of  tJie  cells,  while  anemic 
and  hemorrhagic  infarctions  with  subseqnent  necrosis  are  likely  to 
fiirni  near  the  surface  of  the  orgtm.  The  section  of  such  a  spleen 
presents  a  peculiarly  varieg-ated  appearance,  while  the  microsoopic 


Plate  2. 


AiD>itjHl  dejtieiK'rtttion  of  the  apleeii.  showiiip  »  di"i:ent  nili'd  Malpighmu  boltJ^ 
spotimeii  sUiiH-d  with  heomtoxyiiii  autl  eoain. 
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examination  exhibits  wide  variations  from  tlie  noraml.  The 
Malpighian  bodies  arc?  fmind  greatly  eiih*rt»^t^l,  and  nw  composed 
of  aggregations  of  the  ordinary  lymphoid  eel  Is,  together  with 
larger  round  eellw.  Mitoges  have  frequently  been  demonstrated. 
The  fiplenie  pulp  i.s  degenerated^  exhihiting  large  eel  Is  enchasing 
pignierit-graunle.s  or  red  eorpusele.s  and  detritus. 

Sarcoma  and  Carcinoma,^ — Primarif  mrmma  of  the  rouiid- 
eelled,  or  fihro-sjireomatous,  variety  lias  been  observed.  Srtondaty 
mn'oma,  pirtieularly  melaootie  sareoma,  and  mcondari/  earrinoma 
are  more  eonimon  than  primary  growths. 

Bndotlieliotlia.— A  few  of  the  eases  of  the  elinieal  symlrouie 
called  splenic  anemia  have  presented  a  reniarkalde  pr4iliferation 
of  the  endothehum  of  the  spleuie  sinuses,  an<l  authors  have  vari- 
ously reg^irded  the  pnx'ess  as  an  endothelial  liy|>erplasia  or  as 
emlotlielioma.  In  one  case  reporte*!  by  myself  the  proe^'ss  strongly 
suggested  a  tumor. 

Cysts  are  occasionally  discovered.  They  are  small,  and 
an^  probably  due  to  dilatation  of  the  lymphatic  spaces  or 
to  atrophy  and  eystie  <legeneration    f)f  the  Malpighian    follicles. 

Fibroma,  angioma,  and  lymphan- 
gioma are  \'ery  rare. 

Parasites*— Lingnatula  Rhinaria,  ech- 
iuocoi'cnH  cysts,  and  cysticerci  have  Ijeen 
observed. 


INFECTIOUS  DISEASES, 

Tttberculosis  of  the  spleen  may  occur 
in  the  form  of  minute  miliary  tuhereles, 
which  havt'  a  grayish  tmnshicent  appi-ar- 
ance  and  are  ustially  present  in  large  num- 
ber rs J  espec ia  1  ly  1 1 ea  r  1 1 1 e  ea j >s  u  I e .  T fie)'  may 
\yc  distiugnishet!  from  enlarged  Malpigluan 
Ixxlies  by  their  grmter  opacity  and  their 
gniy  is  1 1  rath  e  r  t h  a  n  y  el  1  o  w  i  s  h  co  1  o  r .  Tu  b  er- 
eulosis  n\m  <x:enrh  in  the  lonn  of  larger 
caseous  utxlules^  especially  in  children  (Fig, 
151).  1  n  til ese  causes  th  e  re  a  re  see  n  n  Oi  hd  a  r 
ma^sses  the  size  of  a  pea  or  cherry  studding 
the  surface  and  deeper  structure  of  the 
spleen.  This  ibrm  is  calleil  AffetdnhereuloHe 
by  the  Gennans,  from  the  resemblance  of  the  large  notlules 
to  tubercles  met  with  in  monkeys.  Histologic  examination 
proves  the  no<lules  to  be  composed  of  aggregsitions  of  tubercles 
undergoing  caseation. 

Primary  tubercuh>sis  of  the  spleen  has  never  been  observed. 

SypttillS  may  present  itself  in  the  form  of  syphilitic  gummata, 
which  are  usually  multiple  and  may  be  either  small  or  large.    They 


Fig.  Ifil.— ij^irgc  caseous 
UiburtluB  In  tbe  Bplet-n  of  a 
chUd  (Ortb), 
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are  distinguiBhed  by  their  centiul  degeneration  or  by  the  fibrous- 
tissue  striations  at  the  exterior. 

Diffuse  hyperplasia  of  the  spleeii  is  a  frequent  or  almost  con- 
Btant  lesion  of  congenital  syphilis, 

THE  LYMPHATIC  GLANDS. 

Anatomic  Considerations,— The  lymphatie  glands  con- 
sist of  aeciiniulations  cd'  lynipiiadenoid  tissue  surrounded  by  a 
eonnective-tissne  eapsuh\  There  may  lie  distinguished  an  outer 
eortieal  and  au  inner  inethdlaiy  portion,  the  former  consisting  of 
spherical  masses  or  follicles  of  lyni}ilioid  cells  enclosed  in  a  con- 
neetive-tissne  reticuinm  springing  ln>ni  the  tr:xbectd?e,  the  latter 
being  composed  of  medullary  eonls  similar  to  the  former  in  struct- 
ure, hut  of  elongated  Ibrin.  The  atlercnt  lyjnj>hatics  enter  the 
glands  at  the  hihnn  and  discharge  the  lymph  into  the  cortical 
s|>heres  ;  the  liquid  filtci^;  slowly  toward  the  me<hj Ha ry  eords, 
where  it  eventually  enters  the  eif'erent  lymphatics.  The  medullary 
cords  are  surrounded  by  sjMces  lined  witlj  endothelial  cells,  the 
lyniph-s]iaees, 

Hemolymph  GlaBds*— Certain  of  the  lymphwtic  plands  of  the  retro- 

pe  r  i  to  1 1  tut  rrg  i  o  n  d  i  Ife  r  t>o  m  u  rd  i  n  ar>"  \y  m  ]  A\  at  i  c  gl  an  cin  i  n  h  a  v  i  \i^  hi  ood  - 
sinu^ea  instead  of  Ivmjth-sinas^es  Tliene  have  hei.*n  ti'rnied  humolyniph 
glatidn.  8uch  glands  are  less  freqaently  Ixjand  in  other  situations^  aut'li  as 
m  the  rnedijiatiaiun,  Ihymut*  rep:ic>n,  eervieal  region,  etc.  They  are  utsaally 
embedded  in  tat-tis(=iiit\  and,  as  a  rule,  are  near  the  wall  of  some  large 
vej*sel.  The  i^uiiiber  and  Kize  of  the  blood-vessels  connecteil  with  these 
glands  are  remarkable,  slewing  tlie  relation  to  the  hemic  cirLalation, 
Tran?^ltioJial  conditions  between  the  typical  lyniphatic  gland  and  the  homo- 
lymph  ghmd  are  met  with.  Some  of  the  glands  resemble  splenic  tissue, 
and  others  the  marrow- tissue.  Wart  bin  suggests  the  termf*  snlenulyniph 
and  rnarruwlymph  gland.  Pathrdngiralty  these  glands  have  been  found 
congested  or  showing  evidences  of  incrca?«ed  pignient*forniati<>n  in  various 
types  of  imemia.  They  appear  to  have  an  active  hemogenic  function  in 
auch  conditions, 

ATROPHY. 

Atrophy  ot*  Jhe  lymph-glands  oeenrs  tn  eild  age  and  in  various 
marasmie  eonditions.  The  glands  snffer  eonnidendde  di  mi  notion 
in  size,  the  eellular  elements  being  partietdarly  affeeted  ;  they  are 
therefore  hard,  dry»  untl  often  irregular  in  sliape.  Fatty  infiltra- 
tion nuiy  oeeur  si  mnl  tan  eon  sly  with  atro|)hy,  the  gland  in  sneh 
eases  preserving  its  .size  and  having  a  deeidedly  fatty  appearance, 

HYPERTROPHY. 

This  is  so  closely  allied  to  t!u'  etuiditions  designated  by  the 
name  of  lymphadenoma  that  it  is  tliflfieiilt  to  .separate  the  eases 
wliich  might  be  eoosidered  as  strictly  hypertrophy.  In  e^ises  of 
ex  peri  menial  or  surgieal  splenectomy  hypertrophy  of  the  lyni- 
phatie  glands  has  been  observed. 
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DEGENERATIONS, 

Patty  infiltratioti  h  sometimoB  seen  in  easen  of  general 
obesity  JiTirl  also,  iii^  l>eff>re  iiif^iitioned,  in  atrophy  of  the  glands. 

Afflyloid  deg^eneration  is  met  with  in  eases  of  general  amyl- 
oid disease,  and  partieidariy  in  the  cases  in  which  the  intestines 
are  affe<^ted.  The  lymphatic  glands  may,  however,  be  in*lepend- 
ently  involved  in  eases  of  tnhtTeulosis  attentled  with  siippnrafiun* 
In  siieh  instances  the  adjacent  lymphatic  ghinds  arc  nn)st  likely  to 
suffer  amyloid  change.  The  morbid  proecs.s  mrely  leads  to  marked 
altenition  of  the  ghinds,  but  the  aniyloid  material  may  be  demon- 
strated by  the  staining- react  ions  iwculiar  to  it.  The  connective 
tissue  of  the  trabecnhe  and  around  the  blood-vessels  is  first 
affecte^J  ;  later,  the  endothelial  cells. 

Hyaline  degeneration  has  Uevn  tleseribed.  It  affects  the 
bkMMl- vessels  and  connective  tissue  of  the  glands. 

Calcification  not  infrequently  forms  the  terminal  conilition 
in  eases  of  neen*sit5  or  induration  of  the  glands  in  consequence  of 
tuberculous  or  simple  inflammation.  There  may  be  small  calca- 
reous granules  scattered  through  the  gland,  or  the  entire  gland 
may  be  intiltrated. 


-ics^«^ 


Fig,  162.— ATitlime^^si*  of  ft  brotirblal  lymph-glaud  (Orth), 

Necrosis  may  occur  in  consequence  of  tuberculous  or  syphilitic 
affections,  or  of  simple  inflaminatitm.  In  the  former  cases,  p;irticu- 
larly  in  tuberculosis,  the  center  fjf  the  glanil  *)r  the  entire  ghiotl 
becomes  cheesy  and  soft,  often  liquefying  and  discharging  the 
cont(*nts  by  rupture  of  tlie  capsule.  In  cousequenee  of  simple 
inflammation,  as  in  certain  infectious  fevers  (ty[ilioid,  diphtlii^ia, 
searlit  icver),  a  diffen'ut  form  of  necrosis  is  nu't  witli^  anas  of  the 
gland    becoming   soft,    pultaceous,   and    sometimes    putrid.     The 

f;land  may  rupture,  dist^hargi ng  its  contents,  or  absorption  of  the 
iqnid  with  inspissation  and  i\  pseudocaseous  form  of  degeneration 
may  n'sult.     Finally,  the  degenerated  area  may  become  caleare^ous. 
Pigmentation  may  follow  acute  inflammations  or  traumatic 
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injury  of  the  ^lau<ls,  tho  extruvasations  of  blood  occurring  ia  such 
<'oii<]itions  leading  to  liematogeneoiis  pigmental  ion.  The  blmid- 
|iignii*nt  tK'curs  in  grannlar  masses  within  the  cells  of  tlie  stroma 
or  within  the  lymphatic  cells  themselves-  Bluod-pigmentatiou 
may  also  occur  in  the  glands  adjacent  to  areas  of  hemorrhagic 
extravasation,  the  pigment  in  such  cases  reaching  the  glands 
ihrniigli  the  lynijiliatie  vessels  and  heing  deposited  in  the  lymph- 
sinuses,  or  even  in  the  follicles  and  curds.  Analogous  pigmen- 
tation from  external  sources  may  result  iVoni  tattooing,  and  occurs 
regniarly  iu  the  hroueliial  glands  as  the  result  of  the  inhalation  of 
various  dust-partieles  wliii'h  penetrate  the  walls  of  the  tjroneUioles 
and  alveoli  and  eventually  hnd  their  way  to  tlic  hronchial  glands 
through  tlu'  lym|)liatie  stream  {(lidhmcosi^)  (Fig,  152).  The 
ghuids  may  l>e  cmnpletely  l)lack  in  such  casc\s,  and  the  lymphatic 
ein*ulation  through  tliem  may  l>c  obliterated.  Secondary  inflam- 
matory clmnges  result  in  most  c^ses  (see  [>age  407). 

INFLAMMATION;   LYMPHADENITIS. 

Acute  l3?Tiiph adenitis  is  commouly  secondary  to  inflamma- 
tions in  the  neigliborliood,  the  irritants  being  carried  \\\  the 
afferent  lymphatics.  Sometimes  direct  extension  of  inflammation 
by  contiguity  of  structure  may  lead  to  involvement  of  the 
lymphatic  glands.  Occasionally  lymphadenitis  is  seemingly  pri- 
mary in  case»s  in  which  the  infective  irritiuits  have  caused  no 
lesion  at  the  portal  of  entrance  to  tlie  bmly. 

Pathologic  Anatomy,— The  ghnids  become  enlarged,  h}7>eremic, 
and  considerably  infiltrated  witli  liquid.  When  the  inflummation  is 
intense  there  may  lie  minute  henu>rrliages.  Micrf)seo]>ically  the 
lymph-sinuses  are  found  dist^mdcd  with  eells^ — leukocytes,  red 
blood-cclls,  and  proliferated  and  desquamated  endothelial  cells 
I'roni  tlie  lining  nu^tubrane  of  the  sinuses.  The  fiilliclcs  and  conls 
arc  increased  in  size  fhuu  infiltration  auil  prolKibly  ulso  from  pro- 
literation  of  the  lymphoid  cells.  The  process  niay  beeonu'  arrested 
and  resolution  to  the  normal  condition  may  ensue.  If  mild  inflam- 
mation of  this  chamcter  has  contiun(*d  for  a  great  length  of  time, 
or  if  the  cimditiou  is  repeated,  hyperplasia  of  the  trabecular  coo- 
neetive  tissue,  of  the  blotK^l- vessels,  and  (*f  the  capsule  of  the  gland 
may  lead  U\  a  termination  in  elironie  enlargemeut  and  induration 
of  the  glands. 

In  cases  of  greater  intensity  <4'  the  infective  cause,  necrotic  or 
suppurative  changes  may  otxnjr.  In  the  eases  of  necrosis  such  as 
occur  in  tyi»hoi<l  fever  and  in  diphtlu  ria  there  may  be  noted  small 
spots  c»f  yellowish-white  color  in  the  hyperemic  glands^  and  subse- 
quently these  undi-rgo  well-nuirked  ueentsis.  Complete  Decrotic 
sfif>euing  and  even  rupture  of  the  gland  may  ensue,  or,  if  the 
necrosis  remains  limited  in  extent,  inspissation  and  sometimes 
€*aleification   ntay  terminate  the  process. 
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Suppurative  lymphadenitis  is  not  iintoininon.  It  is  seiii 
in  thp  pjlaodsi  hclow  Poiipjirt's  lipiTiieiit  in  qd^vs  of  info'tive  wcurnds 
of  the  leg ;  in  the  inguinal  ghmtls  as  a  result  of  ehancmitj  or  gon- 
orrheal iiretliritis ;  in  the  glands  of  the  neck  in  association  with 
diphtheritie,  swirlatiaul,  or  other  inHaniniatioiiB  of  tlie  throat,  or 
fallowing  erysipehis  ;  in  the  axillary  glands  us  a  result  of  woundft 
of  the  arm;  and  in  the  internal  lymphuties  in  various  infeetive  di*-*- 
eases.  The  term  bubo  is  ajvplied  to  suppnmtive  lymphadenitis  of 
super fi<'ial  glands.  Of  parlienlar  interest  is  tlje  tendeney  to  this 
eondition  in  the  plague  of  the  luist,  or  the  buiionie  plague  (*/,  t\). 

Pathologic  Anatomy »^^ — The  ehanges  noted  in  tlie  glund  at  tlie 
ontst!fc  are  similar  to  those  in  the  siniplt?  inttaniruations^  hut  under 
the  microscope  a  greater  aecunudation  of  leukocytes  is  j)p]>arent, 
and  the  gland  tends  to  soften,  with  the  tormation  of  more  or  less 
creamy  pus.  The  capsule  may  prove  resistant  for  a  'time,  and 
reactive  in  tia  in  mat  ion  aronud  may  estnldisli  an  additional  wall, 
A  single  gland  of  a  group  may  he  atfeet4:^d»  but  mure  corunionly 
the  scvcml  glands  are  together  involved.  Eventually  nqiture 
may  take  place,  but  in  instances  in  which  the  process  has  been 
cirenniscribed,  inspissation  of  the  pus  and  finally  calcification  may 
occur. 

In  the  most  intense  forms  of  lyrapliadenitis  hemorrhagic  or 
gangrenous  conditions  arc  developed. 

Chronic  I/ymphadeiiitis  leads  to  induration  with  eidarge- 
ment.  It  (X'curs  as  the  result  ai'  repeated  acute  attacks  or  in  con- 
se<picncc  of  ioug-eontinucd  irritation  by  particles  carried  to  the 
lympiiatic  glands  iroui  some  focus  of  disease. 

Pathologic  Anatomy.^As  a  rule,  the  process  affects  the  con- 
nective-tissue eletnents  of  the  gland  in  particular,  and  there 
results  a  c(uisidcrablc  amount  of  induration,  sometimes  associated 
witii  atrophy  or  necrosis  of  the  proper  lymphoid  strncture.  Occa- 
sionally, hi>wever,  the  lymplioia  clcuicnts  themselves  arc  hyiier- 
plastic,  and  the  normal  relation  of  fibrous  tissue,  follicles,  and 
medullary  cords  is  preserved, 

Microse^opically  tlie  overgn>wt'a  of  the  connective  tissue  spring- 
ing from  tlie  traliecuhc,  from  the  bloo*l- vessels,  and  from  the 
nniculuni  of  the  lymphoid  ]>ortions,  is  apparent.  This  may  consist 
of  round  cells  ami  fibrous  connective  tissue,  or  there  may  be  a 
tendencv  to  the  formatiiui  of  epithelioid  cells  and  even  giant-cclls. 

Pathologic  Physiology. — Inrtamrnatif>ns  of  the  lymphatic 
glands  are  the  result  of  the  arrest  of  irritants  nf  various  sorts 
carried  to  the  glands  in  the  lymphatic  channels.  This  arrest  not 
unlikely  serves  the  pur]Mvse  of  a  protection  ag-ainst  gencnd  dis- 
semination of  irritants,  anil  may  be  of  great  importance  in  this 
way.  Complete*  occlusion  of  the  lymph-sinnses  by  deposition  of 
solid  particles  (as  coal-dust),  or  by  ilisease  of  tlie  glands,  may 
obstruct  the  lymphatic  flow  entirely,  ami  a  retrograde  inflammatory 
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pn.M^e.ss  may  result  from  the  (Uuiiming  biiek  i>f  infet'tetl  lymph  or 
imm  extension  of  disease  along  the  lymphatic  channels. 


IJVJv— Cheety  lymph • 
gland  (Orth). 


INFECTIOUS   DISEASES. 

TtlberculosiS  of  the  lynipiuitic  ^hiiidri  is  due  in  nearly  all 

cases  to  infection  by  bacilli  reni-hing  tlie  gland  through  the  alFer- 
ent  lymphatics,  thotigh  occasioimlly  it  would  seem  that  hcmat*>- 
genons  infection  wxair.^.  I  mder  the  heading  tubercnloBis  we  must 
include  what  the  older  writers  desigjiated  as  serofuloug  glands,  for 
in  the  majority  of  such  cases,  if  not  in  al!j  the  disease  is  essentially 
tnbereidosis,  though  the  mode  ol'  infection  is  not  always  apparent. 
Morbid  Amatoiny. — The  first  visible  change  is  the  Ibrmatiou  of 
email  grayish  nodules  in  the  gland,  and  sonietinics  the  eruption  of 
these  is  attended  with  hyperemia  and  inflammation.  Later,  these 
tuliercU^'^  inerease  in  size  and  undergo  caseous 
changes  (Fig.  153)  as  elsewhere,  and  eventu- 
ally  the  entire  gland  may  be  ccmvertLil  into 
aeheesy  mass,  which  may  liquefy  and  not  rare- 
ly discharges  throngh  tlie  ruptured  capsule. 
Microscopically,  the  first  appearance  is  that  of 
gmy  tubercles  containing  giant-cells  and 
epithelioid  cells,  surroumicd  by  a  zone  of 
round  cells  (Fig*  1 54),  Later,  the  character- 
istic appearances  of  hyaline  transformation 
and  of  caseation  are  observed.  Sometimes 
the  glands  in  tul>erculosis  become  enlarged  and  harder  than  normal, 
and  present  areas  of  grayish  color,  but  do  not  tend  so  markedly  to 
undergo  necrosis.  In  these  instances  the  microscopic  i  xaiuination 
presents  foci  composed  for  the  rnoe^t  part  of  epithelioid  cells,  and 
much  less  abundant  in  rramtl  cells  tliau  are  tuberculous  tissues  as 
a  rule  (Fig.  loo). 

Scrofiila.— TJh!  tidiercuhMis  nature  of  sen*fulous  lympliadenitis 
was  first  r^liowu  iiy  dernoust rations  of  the  infei^tiousuess  of  the 
softened  glambdar  material  when  injected  into  animals.  The 
micro-nrgauisms  tliemselves  may  be  demonstrable  in  the  earlier 
stages  in  llie  (.pilhelioid  or  gia!it-c{"lls,  t»r  lying  between  tlieso ; 
but  when  the  process  is  at  all  advanced  it  is  extremely  difficult  or 
impossible  to  demonstratt*  bacilli. 

Individual  (Jroups  of  Glands. — Among  the  uiore  eonunouly 
aifected  groups  of  glautis  arc  the  cervical  (Fig.  lo*i)*  the  bronchial, 
a nd  t  1m*  mcsc u t <^ r i v ,  T u Ij e re ni  1  <  ui s  t:e r \' i ca  1  g hu u I s  t>ccasi on  c< n i s i dc r- 
able  tumrn^s  in  the  neck,  and  it  is  these  in  particular  that  have 
been  i.'lassihcd  as  scrofulous.  Not  rarely  they  advance  to  complete 
softening^  and  rupture  on  the  surface.  S*inietinies»  however,  they 
penetrate  deeply,  and  may  rupture  into  the  tmchea  or  esophagus^ 
or  into   the    pleui^al    cavity.     The    mode    of   infection    is   mivly 
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apjiaivnt,  but  in  many  cases  no  doubt  the  micro-organisms  enter 
through  tilt*  inueo8ii  nf  tlie  raoutli  tjr  pharynx,  or  the  tonsils,  where 
they  may  or  may  not  first  occasion  specific  lesions. 


¥rrt.  154.— Tuberculous  lymjthiitie  gland  :  a,  recent  tul>€ri*le  wilh  iri«u1-ci»n  (c)',  a.^fnftrloi 
c«»eou»  tulwrele  withgittnl  edi  (r,);  b,  lymphatit'inpM  tSiaue;  r/,epHUtilk.ld  eeU  (SSlegler). 

The  l)roncln}il  pjlamls  are  affeeted  very  frequently  in  cases  in 
which  I  lie  l)ueilii,  entering  throuefh  the  lung's,  have  left  no  trace  i»t* 
luliereiiJous  disease  at  the  portai  of  entrance ;  whil**  in  teases  of 


Fio.  156,^Tuberculmw  lymplmtic  platid :  o,  lymph  adenoid  tissue ;  h,  iiiTgc  round  cellii 
iepltlielJotd) ;  r,  Urge  Bplndle-cuUs  (Ziegler), 


actual    tiiberculo8is  of  the  lungs  the  bronchia!    glands  are  quite 
constantly  involved  ( Fig.  1 57).     The  glands  are  usually  cheesy  and 
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may  become  raloarooiis,  but  .soften  iii^  not  mrcly  occurs.  Perfora- 
tion of  one  of  the  bronclii  nvdy  leatl  to  acute  broiie!io^*tietic  tuber- 
cuIoBis  of  the  lungs ;  or  the  Boftene*!  t^lanil  niay  discharge  into  a 
large  vein  ami  thus  (M't-ui^ion  miliary  tubcrcuh»sis. 

The  mescnte^ric  g kinds  are  especial ly  invotved  in  eliildren,  this 
eonditiou  being  known  as  inht^a  mr,^€nfrrmi.  The  infeetic^u  tx^curs 
through  the  iutestiual  tract ;  aurl  has  somettmes  been  found  tlue 
til  the  ingestif>n  of  infeeted   milk  or  nieaL      riu'   intestines  may 


Flo.  IM.—TulMfiH^uloua  iymiihttdetiills  of  the  rvrvicttl  gl&uda  (frum  a  cm^  in  Ihe  Cblldre&'i 

U»6pitAl). 


fir>t  suffer,  or  tlie  bacilli  may  pcuetmte  theiutestinal  mucosa  with- 
out causing  ioeal  lesions. 

Syphilis,— Enlargement  of  the  lymphatic  glands  may  occur  in 
the  vicinity  of  the  initial  lesion  dnnug  the  [)rimary  period;  and  is 
hafntiiidly  present  in  all  parts  of  the  body  during  tiie  si'ciuKlary 
perio<lj  th(^  post-cervical,  axillary,  inguinal,  aud  epitr(_)chlear 
groups  being  most  characteristically  involved*  The  glands  an* 
hard,  and  do  not  tend  to  soilen  or  suppunite.  Microscopieally 
there  is  found  proliferation  of  the  connective-tissue  elemeuts 
throughout  the  gland. 
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In  tht'  tertiiiry  pCTind  f/ummaia  (htifjotedttfris)  niaylje  observcid, 
esiKHially  in  the  lyniphatlr  ^daml-.  a<ljacerit  to  tlHMlisensiHl  viswni, 

I#eprosy,  actinomy- 
cosiSj  and  other  infec- 
tions CMTasioiially  iii\c4ve 
the  lynijiliatie  gliinds  (see 
General  Pathulou^y). 

TUMORS. 

I^ymphadenoma; 
I/ym  phosarcoma.  —  Tiie 
term  lyniphitilenoraa  lias 
l>een  applied  to  certain  en- 
largements of  tlie  lym  pi  vatic 
glands  in  whieh  the  appear- 
ance and  stroetiin'  resenil>le 
closely  tliose  of  the  normal 
gland.  The  nalnrc  of  many 
of  8ueli  cases  is  tfbscure,  and 
very  likely  widely  varying 
d  i  sea  se  s  h  a  ve  bee  n  i  n  c  h  a  1  e<  1 . 
In  .s*inie  instances  n^pcated 
irritation  has  occasioned  a 
fnnctional  hypertrophy  or 
chronic  inilam motion  of  the 
glanil,  while  in  others,  doubtless,  infections  diseases  (espeeially 
tubercnlosis)  may  liave  been  mistaken  for  tumors.  We  may  restrict 
the  term  lymj^liadenoma  to  apparently  causelessenlargements  of  the 
lymphatic  glands  in  gn>ups.  In  8<mK'  c^ses  the  clisease  tends  to 
involve  the  glands  in  all  j>arts  of  the  btxly,  as  well  lis  to  invade 
the  spleen,  the  liver,  the  kidneys,  ami  other  organs.  Enlargements 
of  this  sort  occur  in  leukemia  and  Hodgkin*s disease  (Fig.  158).  In 
eases  of  IrK'alized  erdargements  of  the  lymphatic  glands  it  is  likely 
that  local  irritation,  as  a  nde,  i>Uiys  a  j>rondiicnt  part  in  eausation. 

Pathologic  Anatomy.— Tw()  forms  of  tympljadc  rmma  have  lj(»cn 
described,  the  hard  and  the  soft.  In  the  foruHT  the  glands  of  tlie 
group  are  enlarged  and  hard,  the  capsule  is  thickened,  and  the 
trabccnke  increased.  Mieroscopically  tliere  is  evidence  of  exces- 
sive proliferation  of  connective  tissue,  tlujugh  liy|terplasia  of  the 
enilolhelial  cells  of  the  sinuses  precedes  the  indurative  prix-ess 
(see  lymphadcnoma  in  the  ^ectinn  t»n  Tinners, J  In  soft  lymph- 
adenoma  the  gland  has  much  of  its  natural  ap|iearance,  ahhough 
it  is  somewhat  more  opaque  atid  grayish.  There  is  no  tendency 
to  soften  or  suppurate,  and  the  individual  glands  of  a  group, 
though  closely  held  together,  do  not  fuse  entirely.  The  distinction 
of  lympli-sinnses,  follieles,  and  medullary  *'urds  is  less  marked  than 
normally,  and  the  aji^x^arauce  is  that  ttf  a  rmiform  lymphoid 
tissue  composed   of  a    erlbdar   retieulnm   in   which    proliferated 


Fl«,  l.'iT.— Tut«rriiloiis  lTmphatkplnridi»iitthe 
Museum  of  the  Piiiladclphiii  llnapliaO. 
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rndnthrlial  cells  and  small  roimd  cells  are  embeded.  In  some 
i'ltses  in  whi^'h  the  pnx^ess  in  the  lynijihiitic  ghinds  tends  to  extend 
Ijeytnid  the  capside  and  eaiij-e  a  fusing  of  the  inclividnal  ghmds  of 
a  group,  and  in  which  the  liistological  featnrt\s  are  more  predomi- 
nantly lyniphoida!,  the  term  lymphcj-sareoma  may  ht*  applical*le* 


Wto.  Ifi^.— HiKlgklii'R  d{(i(iaM>«  Hliowiui:  inarkiMl  I'ltJur^MMTH.-iit  ni  the  iL^iiinilK  of  ihe  right 
axilla^  with  comsfqiKMitdroiTtsyofthe  arm;  less  markerJ  involveiiifnt  uf  lhi»  HubimucUlaryt 
cervical,  Hnrt  iri»?iJiniil  lyrnph-glaiids. 

Sarcoma.— Other  forms  of  sartHiuia  are  sometime?*  met  with 
a8  primary  localized  nvw  gnnvths  of  tlie  lymphatic  ghindg.  8uch 
an^  not  ranlv  seen  in  tlie  mediastiunm.  In  tfuvse  instances  the 
(*iipsnh'  c»f  till'  gland  is  penetrated  and  local  extension  to  ueigh- 
horiiig  glaiuls  and  other  snrronnding  structures  is  eommonly 
observed,  but  the  entire  gnyup  of  glands  is  not,  a.s  a  rule,  affected, 
(leneral  metastasis  may  <X'cur,  but  affects  ttie  larger  organs  rather 
than  the  lymphoid  tissues.  Round-cell,  spindle-cell,  alveolar 
sarcoma,  and  endothelioma  are  tl»e  fi»rms  ih\<cnhed.  Secondary 
sarcoma  (X-casionaHy   involves  tlie  lym|>[iati<^  glands. 

Carcinoma  is  always  stH?ondary,  tlic  lymphatic  glands  being 
the  most  frequent  seat  of  secuiulary  cancer.  The  metastatic  dejuisits 
are  Hrst  seen  in  the  pcrijiheral  lynipli-siuuses  of  the  glaml  but  later 
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enlarge  and  may  invade  the  whole  gland  or  spread  beyond  the 
capsule. 

BONE  MARROW. 

Anatomic  Consideratioiis.— Tlie  marrow  of  the  hones  is 
a  lympliadennul  tissue  eonsindng  of  a  retieuluni  uf  eDiiueetive- 
tisstie  celtj^,  supporting  a  rieh  network  of  capillarieg  and  venules 
of  iinui^uaJ  width.  The  cells  proper  of  the  marrow  are  rounded 
and  vary  ii^reatly  in  mze.  They  contain  a  rlear  iiueleus,  and  many 
of  them  neutrophilic  granules.  In  a<ldition  to  tliesc  marrow-reih 
tlicre  are  «H*(*a??ionaI  giantK^ells  lying  near  the  bony  tnibeeulie  ;  amJ 
ninve  frerpiently  cells  containing  pigment-gninules  ;  also  nuelcatcfl 
red  corpuscles,  non-nuelcatcd  red  corpnsclef^,  and  large  eel  Is  en- 
closing corpuscles.  After  the  first  few  years  of  life  the  marrow 
of  the  long  hones  loses  its  reddish  color  and  he(H>mes  more  or  less 
yellow,  and  there  is  then  found,  microscopically,  a  great  pre- 
ponderance of  fat-cells. 

DeOENBRATIONS. 

Fatty  Infiltratioti. — ^The  fat  which  ocean?  normally  in  tlie 
marrc^w  may  he  exceasively  developeil  hi  eonditions  of  general 
obesity,  but  also  at  times  in  marantic  imlivi*hials,  or  as  a  result  of 
atrophy  of  the  bony  tissues. 

Mucoid  degeneration  is  occasionally  seen,  jind  necrosis 
may  form  a  ]i:irt  of  tlie  pr<M*esses  of  intlanutiation. 

Pigmentation  tD<^^urs  in  the  hone-marrow  in  ^-ases  of  destruc- 
tion of  blood,  as  in  malaria  or  various  hemolytic  t^ixemias,  as  the 
bone-marrow  is  one  of  the  filtering  organs  for  the  blood. 

ATROPHY. 

Atn>phy  of  the  bone-marrow  is  not  infrecjuent  in  old  age  or  in 
murasniic  ci nidi tions. 

HYPERTROFHV. 

Hypertnjphy  cd*  t!ic  bone-marrow  occurs  in  various  anendc 
diseases.  Strietly  speaking,  there  is  atn>phy  or  disap|>eanince  of 
the  fat-cells  of  the  yellow  marrow  of  the  long  brmes  and  hyjier- 
plasia  of  the  true  lymphoid  elemi!nts.  The  biine-marrow^  then^- 
fore,  assumes  more  and  more  the  appeaninee  of  the  red  or  lym- 
phoid  n narrow  of  early  liie.  TIte  highest  grades  of  this  transfor- 
mation are  met  with  in  progressive  peiTiiiUOUs  anemia  (Plate  3, 
Fig,  1)  and  in  leukemia,  but  similar  changes  m^cur  in  eaneer,  tuber- 
culosis, and  various  other  caclieetie  conditions.  The  marrow  be- 
comes soil  and  red  in  color,  and  in  extreme  cases  may  be  dark- 
re^i  and  li<]uid. 

Microscopical ly  the  fat-cells  are  much  rcdticed  in  number  and 
may  be  wliolly  wanting.  In  their  place  are  found  marrow-eells 
of  various  sizes,  many  of  tliem  eontaining  neutrophilic  and  eosino- 
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philie  gramilatjons.       Cells   containing   pigment-grannies  or  red 
blood-corpuscles,  ond  nucleated  red  blood -corpuscles  of*  diSerent 

sizes,  are  seen  in  varying  numbers. 

In  leukemia  the  marrow  often  hav  a  mottled  appeaninee,  light- 
oolorecl  areas  composed  largely  of  white  corpuscles  arrested  in  the 
niurrow  or  formed  in  loeo  by  active  proliferation,  alternating  with 
darker  areas  of  congestion  or  hemorrhagic  extravasation  (Plate  3, 
Fig.  2).  Tlie  light-colored  areas  may  predominate  and 'may  pre- 
sent a  puritrirm  appeamnce  (pyoifl  marrow)*  More  mrely  the  ap- 
pearance of  the  marrow  in  leukenda  is  similar  to  that  Been  in  the 
other  anemic  diseases.  Mieroscopieally  a  curious  constituent  m 
discovered — the  (liarcot- Neumann  crystals  (see  Leukemia).  It 
has  been  held  that  leukemia  is  dependent  primarily  u]>on  the  dis- 
ease of  the  bone-marrow  (myelogenous  leukemia),  but  the  marrow- 
chauges,  in  some  cases  at  least,  are  set^ondary. 

THE   MARROW  IN    INFECTIONS. 

The  reactions  of  the  marrow  to  infections  of  various  sorts  is  of 
interest.  In  26  eases  of  fatal  typhoi<l  fever  Longcope  tbund,  as  a 
conspicuous  feature,  the  presence  of  many  lymphoid  cells,  large 
phagocytes,  and  fVxn  of  necrosis.  There  ^vas  more  or  less  hyj>er- 
plasia  of  blotHl-forming  cells.  In  the  nuirrow  of  tliose  dying  of 
perfonition  and  genera!  jieritonitis,  there  were  beside  the  foci  of 
necrosis,  diifusc  ilegenenitivc  changes  in  l>lood- forming  cells  and 
marked  edema  and  eongestjon  of  the  ti ssnes.  Differential  counts 
of  the  bont'  marrow  cells  slmwed  a  relative  increase  of  the 
lymphoid  cells  over  the  granular  myelocytes.  Tlie  marrow  from 
fifteen  cases  of  acute  lobar  pneumonia,  four  oases  of  j>eritonitis, 
one  of  acnte  cerebrospinal  meningitis,  one  of  retroperitoneal  ab- 
scess and  tme  of  puerperal  sejytictemia  showed  ihesame  alterations. 
Here  tlie  re  was  hyperplasia  of  the  Ivtood-formiug  cells  with  rel- 
ative increase  iif  tlic  gnuudar  niyelocytes  over  the  lymphoid  cells. 
In  cases  of  jieritonitis  due  to  causes  other  than  typhoid  perfora- 
tion, tliff'use  tlegtHienitivc  changers  were  absent.  Foci  of  necrosis 
we  re  not  fo  t  \  n  d  i  ti  a  n  y  t  ^f  th  c  se  eases .  La  rge  pi  i  agocy  t  i  c  eel  1  s  we  re 
exceedingly  rare  or  entirely  absent, 

Longcope  conebides  that  the  lesions  in  the  boric  marrow  are 
related  to  and  probably  res|ionsible  for  the  hy|)oleucocytosis  in 
typhoid  and  for  the  hyijerlencoeytosis  in  the  other  eonflitions,  as 
pneumonia,  peritonitis,  etc. 

INFLAMMATION. 

OsteoniyeUtiSi  or  inflammation  of  the  marrow,  is  infL^ctious 
in  nature,  and  may  occur  in  the  course  of  various  diseases,  such  as 
typhoid  fever,  relapsing  fever,  small-fHix,  septicemia,  and  the  like  ; 
or  as  a  resnlt  of  traumatism  and  direct  infection.  The  marrow- 
disease  may  be  the  only  expression  of  an  infection  which  has 
arisen   in  an   obscure  manner  (infectious  osteomyelitis)*     In  the 
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cases  occurriniu  in  the  counse  of  iiifectious  diseaties,  the  ehangesare 

eamjjarable  tu  those  which  occur  in  tiie  spleen  under  the  same  cir- 
cumstances. The  nuirrow  as,siinics  a  retlder  color  tluui  normal, 
and  it  may  he  stiidde<l  with  punctate  liemorrliages.  In  other 
cases  ar(?as  of  necrosis  and  granular  fleg:cnerati<in  of  the  cells  may 
be  present,  and  increased  nunilK^ns  oi'  lymphoid  cells  or  white 
blood -corpuscles  may  be  discovcreiL  Sijoietimes  the  marrow  is 
quite  purulent  (see  Diseases  of  Betne). 

INFECTIOUS  DISEASES  AND  TUMORS* 

(These  will  be  referred  to  in  the  discussion  of  Diseases  of  the 
Bones.) 

THE  THYMUS   GLAND. 

Anatomy  and  Development, — The  thymus  j^land  at  itA 
earliest  period  consist^s  of  endock'nuic  epithelium  arranged  some- 
what like  that  of  iiii  epithelial  fi^lnnth  Later^  mesoblastic  lymj^hoid 
celLs  and  connective  tissue  iniiltmte  it ;  ami  at  birth  and  for  sevcnd 
years  thereafter  it  is  comp<^sed  largely  of  lynipln>id  tiss^ue  arranged 
like  the  follielcti  of  lyinphati<'  glands.  Here  an<l  there  iu  tlie  center 
of  these  uiay  lie  i^en  eoueeutrie  whorls  (the  corpuscles  of  I lassall), 
the  remains  of  the  original  epithelial  cells.  Alter  the  second  year 
of  life  retrogressive  changes  take  place,  and  by  the  age  of  atloles- 
ceDCe  the  gland  is  converted  intcj  a  mass  of  fatty  connective  tissue. 

Congenital  Abnomialities, — Complete  absence  or  various 
minor  irregularities  of  the  thymus  may  weur ;  at  times  it  is  tbund 
enormously  hypertrr^phicd.  In  the  latter  case  the  root  of  the 
great  vessels,  the  pcricanlium,  and  lieart  nuiy  be  covered  over  by 
the  enlarged  thymus,  and  sudden  death  seeuis  at  times  due  to  this 
cause.  Thi^mie  a^thmiy  so-called,  is  rarely,  if  ever,  due  to  enlarge- 
ment of  the  thymus. 

Circnlatory  Disturbances* — Intense  eimgedmn  and  punc- 
tate keimin'hatje.s  may  Ite  fHinitl  io  causes  in  which  death  has  occurred 
from  asphyxia. 

Inflammation  of  the  thymus  as  a  primary  disease  is  of  doubt- 
fid  ot'currenre,  but  abscesses  may  oeeur  in  eases  of  general  pyemia, 
or  from  extension  of  suppurative  atiections  of  adjacent  parts. 

Infectious  Diseases*- — St/phUh  occurs  in  the  form  of  gnm- 
mat£V»  especially  iu  the  new-born.  Caseation  and  sfiftening  of  the 
gunima  u^ay  occur,  and  a  resemblance  to  abscess  is  thus  produced. 
Milltirti  or  raaait  ti.H  t  tthereukmw  occasionally  i  n vades  the  thy  mns  gland. 

XtunorSt — The  thymus  or  its  renniant  is  not  iniref|ueutly  the 
place  uf  origin  of  iifniphfmrrrfima  of  the  anterior  mediastinum  (see 
Fig.  49).  Tumors  having  this  origirj  may  be  re*"uguized  by  their 
shaj>e  and  bv  the  regularity  of  their  outlines,  the  lympliosarcouuita 
(Ivmphadcnoniata)  of  tin*  lyuiphntic  glands  of  llie  anterior  medias- 
tinum having  a  more  irret^idar  lobulated  appeai*ance,  Oitiuitify 
round-celled  mrrcoina  has  Ijeen  dest^ribed,  and  cpilhelioma  springing 
from  the  corpuscles  of  Hassall  has  been  seen  iu  a  few  eases. 
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CHAPTER    III. 
DISEASES  OF  THE  CIRCULATORY  SYSTEM. 

THE    HEART 

Development  of  the  Heart— At  the  earliest  period  of  fetal  life  the 
heiirt  is  rif» resented  by  ii  hollow  tube,  lyitig  towara  the  ventral  aspect  of 
the  ueck.  I>at4ir  this  asstinies  an  S-shai»e»  iind  still  later  a  transverse  eon- 
striction  marka  the  poBitioii  which  thi?  auriculoventricuhir  grooves  subse* 
quently  ot^cupy.  Finally,  vertifal  gnxives  divide  the  Uteral  halves  into 
uie  reiipective  aoriele.H  and  ventricles  ■  and  the  trtttwuH  arkrif^'^ititt  whieh  is 
at  one  of  the  ejids  of  t!ie  primitive  tube,  be«>mes  divided  into  two  parts, 
forming  the  pulmonary  artery  and  aorta.  The  separatioi*  of  the  eavitiea 
within  m  aecoinplished  by  ibe  outgrowth  of  septa  springing  from  the  walls 
of  the  primary  cavities.  The  septtinv  dividing  tbe  ventrieles  is  the  tirat  to 
appear,  and  sprinji.^  forwitrd  front  the  posterior  walb  Next  a  budding  is 
aeen  in  the  position  wbich  iji  later  oeeupied  by  the  tissue  between  the 
auriculoventrieular  oriiiees  of  the  two  sides;  still  later  the  aiirieiilar  cavity 
is  divided  into  two  parts  by  a  process  beginning  at  the  lower  and  posterior 
part.  The  FCptiun  whieh  divides  the  trtincfut  arteritmis  is  essentially  con- 
nected with  or  is  a  part  of  the  septum  which  separatea  the  ventricles.  All 
of  these  changes  begin  from  the  seventh  to  the  ninth  or  tenth  week  of 
fetal  life. 

Anatomic  Consideratiotis* — The  hoart  t^onsij^t^^  of  three 
layers,  the  enclocardiiitii,  imisoitlar  layer,  ami  jxTieardiunK  The 
eDdtK'ardium  is  the  innrr  lininj::  of  the  or^^n,  atni  is  composed 
of  a  layer  of  endotludial  cells  restinir  upon  a  stratum  of  eonneetive 
tissue.  It  is  eontinitous  with  the  lining  memlmine  of  the  arteries, 
and  by  diiplieatioiis  forms  the  valves.  The  miisele  of  the  lieart  is 
arninged  in  lamelhc.  The  tibers  of  the  heart- muscle  are  peculiar 
in  Ijeing  hranehed  and  in  being  devoid  <d'  a  sareolemma.  The 
]>ericardium  resembles  the  enduearditnn   in  structure. 

The  l>hKKl- vessels  supplving  tlie  beart-musele  are  liniuehes  of 
the  eorniuirv  arteries.  Tiiey  divide  and  sidMlivide,  nnd  aflurd 
aliundanee  of  bh^nl  pniptirtitinate  to  tlie  needs  of  so  active  an 
organ.  The  lyniphatie  system  is  equally  develoj>ed.  The  ner- 
vous system  includes  numerous  ganglionic  centers  in  the  furrows 
between  the  ventricles  and  Ix'twer'U  tlie  auricles  atid  ventricles. 
Other  ganglion-cells  are  tound   witliin  the  niUxSele  itself. 

Details  reg-aniing  the  gross  struetiire  of  tbe  organ  need  not  be 
metitioned  here,  Tbe  weight  of  the  heart  in  the  adult  male  is 
about  *iOO  g.t  in  the  adtdt  female  about  25(1  g.  The  volume  of 
tbe  entire  organ  in  tbe  adult  male  is  about  2J^0  to  *U0  eu,eni,,  in 
the  adult  female  about  2<>0  to  280  cu.cni. 


CONGENITAL  DISEASES  AND  DEFORMITIES. 

Abnormalities  of  the  heart  may  be  discovereil  in  the  new-boni, 
and  are  the  result  of  developmental  defects,  or  less  commonly  of 
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fetal  endm^arditi!?  and  mytKMrditis.  The  older  pathokigLst^  at- 
tributed to  infliimmalory  changes  many  of  the  conditions  which 
more  aecurate  know  ledi^e  of  tlie  devekipment  of  the  heart  clearly 
indicates  arc  the  resnlt  of  def<'(*ts  in  dexcktpmcnt. 

Abnormality  of  Position. — Tlje  heart  may  retain  its  posi- 
tion lagh  np  toward  the  cervical  region,  and  may  t*ven  be  entirely 
in  tlie  neck,  Oeeasionally  it  is  completely  exposed,  or,  merely 
covered  with  pericardium,  lies  immediately  Ijcneath  the  skin, 
the  stern nm  in  .snch  cases  t>eing  divided  in  the  middle  line. 
Sometimes  it  lies  beneatli  the  skin  i>f  the  abdomen. 

Abnormality  in  81^6* — Congenital  smallncss,  or  hypoplama^ 
of  tlie  heart  and  aortii  is  o<*easionully  observtHl  l^irlieuUir  atten« 
tion  lias  been  called  to  this  condition  in  cases  of  chlorosis  (see  p.  441). 

Defective  Development. — ^There  may  be  complete  absentee 
of  the  heart  in  aeardiac  monsters.  Sometimes  the  sejjta  dividing 
the  auricles  and  ventricles  are  wholly  wanting  and  a  biiofufttr 
heart  resnlts  ;  or  the  atincuhir  septum  ak»ne  is  absent^  when  the 
orgsm  is  lnl<K:afa/\  More  e^mimonly  than  these  conditions,  the 
organ  is  completely  reversed,  lying  on  tlie  right  side  of  the  body 
and  having  the  b!<H>d-vessels  entering  it  and  leaving  it  reverse*!, 
s<»  that  the  general  venous  l>l<M>d  enters  the  left  auricle,  the  pul- 
monary blood  the  right  auricle,  while  the  aorta  springs  fmni  the 
right  ventricle  and  the  pulmonary  artery  from  the  left.  The 
abdominal  viscera  may  be  reversed  at  the  same  tinie»  the  liver 
being  on  the  left,  and  the  spleen  on  the  right,  side.  This  condi- 
tion is  spoken  of  as  (fexfrocardht.  Other  abnormal  it  ies  in  the 
arrangement  and  origin  of  the  great  l>lfXMl-vessels,  such  as  an 
undivided  tnuiciis  arteriosus,  are  rar*.\ 

Stenosis  and  atresia  of  the  polmonary  arteiy  result  from  abnor- 
mal situation  of  the  septum  which  divides  the  tr uncus.  Com- 
plete atresia  is  very  rare.  Stenosis  is  one  of  the  couunonest 
developmental  defects  of  the  heart,  and  in  some  cases  is  due  to 
fetal  myoE  arditis  about  the  orifice.  It  may  involve  the  root,  the 
conns,  or  the  trunk  of  the  vessel.  The  septun^  of  the  ventricles 
is  usually  defective  and  the  friramen  ovale  remains  patulous. 
Wiien  the  stenosis  is  consideralde  the  pulmonary  cinndation  is 
maintained  by  the  persistence  of  the  ditetm  arferiosiw  BotalH ;  and 
the  right  ventricle  is  greatly  hypertrophied. 

Stenosis  and  atresia  of  the  aorta  are  less  frequent  than  the  same 
conditions  affecting  the  pulmnnary  artervv,  They  arise  from  the 
same  cause,  and  are  usually  accompanied  by  the  siime  deteets  of 
the  septa  and  patency  of  the  rluetus  arteriosus.  Stenosis  of  the 
trunk  of  the  aorta  at  the  isthnuis^/\  c,  at  a  point  between  the  lefTt 
sybc*lavian  artery  and  the  mouth  c»f  the  ductus  arteriosus— is  not 
infreouent  in  moileratt*  degrj-e.  More  rarely  there  may  be  almost 
complete  atresia,  or  the  aorta  may  he  entirely  wanting  at  this 
point.     The  circulation   is  maintained  l»v  collateral  afcastomosia 
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of  the  hranehes  of  tlie  subolaviaii  with  the  descending  aorta. 
In  all  of  these  t-ases  hypertruphy  of  the  left  ventricle  is  ui^imlly 
present » 

Defects  of  the  ventricular  septum  may  be  unaceompanitHl  by  other 
abnormaliticj* ;  but,  as  n  niK%  they  sire  <if  secondary'  importance, 
fK^eurrin*::  in  cases  of  abnormality  uf  the  piilnionary  artery  or  aorta. 
The  septum  may  be  completely  wantin^jf,  or  t  lie  re  may  l:>e  partial 
delict}^,  those  latter  usually  lyin|^  anteriorly  and  above,  in  what  is 
known  as  the  membraotnis  |>ortion^  or  the  luidcfcnded  space. 
Very  frequently  a  patulous  condition  of  the  ibminen  fivale  is 
present. 

Defects  of  tlie  auricular  septuni  are  comparatively  rare,  but  a 
patulous  condition  of  the  fonimen  ovale  is  one  of  t!ie  most  frequent 
of  congenital  atfci-tions  t)f  tiie  heart*  It  is  due  to  the  failure  of 
the  valve  of  tlie  foramen  to  nuitc  at  tlie  edges,  as  normally  occurs 
some  time  after  birth.  Slit-like  ^jpenings  are  seen  very  frequently 
in  po8t-mortem  examinations,  while  more  decided  patency  is  ot^ca- 
sionally  oliserved  without  other  eardiac  abnormalities.  This  is 
esjx^ciany  likely  to  occur  when  cmigeuitai  atelectasis  or  some  other 
pulmonar}'  afleetion  causes  continuance  of  high  blood- pressure  in 
the  right  heart  after  birth. 

Stenosis  and  atresia  of  the  auriculoTentricular  oriices  are  rare 
congenital  conditi*>ns ;  and  in  the  former  fetal  endocarditis  donbt^ 
less  plays  an  important  ]ntrt*  W'lien  there  is  complete  atresia  the 
auricular  septum  must  remain  widely  open  and  the  septuni  of  the 
ventricle  is  usually  deficient  and  the  ductus  Botalli  patulous. 

Patulous  Ductus  Botalli. — This  condition  is  frequent  in  cases  of 
stenosis  of  either  the  aorta  or  pulmonary  artery,  and  serves  to  con- 
vey the  IiIockI  from  the  patulous  artcr}'  into  that  which  is  obstructed. 
Like  the  patulous  fommcu  ovale,  it  may  occur  as  an  indcpcndL-nt 
condition  resulting  from  congenital  atelectasis  of  the  lung  which 
leads  to  tlie  eoutiuuancc  of  tlie  fetal  conditions  of  cirenlation. 

Valvular  Defects.— Not  mrely  tliere  may  be  but  two  semilunar 
valves  at  the  aorta  or  pulmonary  oriliee,  and,  on  the  other  hand, 
four  may  1m?  observed,  the  latter  being  a  relatively  conimon  condi- 
tion. Similar  numerical  abnonualities  occur  at  the  auriculoveii- 
trieular  valves.  Atmormal  leugtli  or  shortness  of  the  leaflets  may 
also  be  oliservedj  or  the  segments  may  be  united,  forming  a  coni- 
jilete  ring.  Tlie  hitter  condition  must  not  be  mistaken  tor  the 
agghiti nation  fif  emlocarditis. 

Pathologic  Physiology. — Congenital  heart-diseases  occa- 
sum  serious  disturbances  of  the  ciivulation,  leading  to  overfilling 
of  the  venous  channels  and  often  abnormal  mixture  of  the  arte- 
rial and  venous  l>ltxid.  In  eonsequcnee  of  tlicse  conditions  bhie- 
ness  or  cyanosis  is  a  common  symptom,  and  the  terms  coiigenUal 
ciianmiA  and  morhus  C4Truitiis  arc  applied,  Tlie  imperfect  oxida- 
tion  of  the    blwid   doubtlc^is  causes   profound   etfeets,  but  these 
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have  not  as  yet  received  accurate  study.     The  inipeifcct  circu- 
lation causes  certain  changes  in  the  tissues,  notable  among  which 


Fig.  109,— CoBj^ttltAl  CflrdJac  diieaie,  showiiiK  [.•eciiliar  tbtckness  of  lip«  and  nose 

(Elchhorst). 

are  thickness  of  the  lips  and  nose,  giving  rise  to  a  peculiar  facial 

expression  (Fig.  1*50)  and  **  clubbing '*  of  the  finger-ends  (Fig, 


Ffo,  160  — CltibTiltiK  nf  the  Angers  tu  efiucf  nttiil  mrdiac  diiieasL* ;  froTn  same  case  oa 
Fig.  15y  (ElfhhorMt). 

160).     The  blood  in  congenital  cyanosis  often  contains  an  excess 
of  red  blood-corpuscles  (sec  Polycythemia). 
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CIRCULATORY  DISTURBANCES. 

TUrotnbosis  of  the  cavities  of  the  heart  results  frnm 
the  causes  whith  in<luri'  tlimmhosis  elscvvlitTe  in  the  circulatory 
f>ystem.  Thi^sc  are  lualuly  slnwiut"^  of  the  ourreiit  nf  hlotMl,  some 
rou«^liiK*Ks  or  disease  of  the  end(K'ardial  liuintri  iiud  diM'used  con- 
ditio n.s  of  the  blcHwl  itself,  which  render  it  more  liahle  to  coagula- 
tion. Slowint^  ftf  the  circidiitiou  is  the  most  fn^qiient  cause  of 
intracanliac  thronihosisT  ^^^^  leads  to  the  formation  of  the  clots 
tuuod  post-nKirteni  in  cases  of  grailual  tlcatiu  If  the  cireidation 
has  been  slow  tor  a  consi<leral>le  lenpjth  of  time,  there  may  he 
loinid  more  or  less  r^myish  or  white  thrombi  in  the  append* 
ai^es  of  the  nurieies  or  in  the  ventricles  between  th*'  muscidar 
trabeculse,  especially  near  tiie  ajx^x.  The  forniatton  of  tliese 
is  explained  by  the  gradually  decreasiuo:  rapidity  of  the  current 
of  blood,  wbich  h*ads  to  the  ileposit  of  the  lerd\ocytes  and  hh)0(l- 
plaqnes  upon  tlie  eudoeardium  and  their  eonversittn  inti>  tiltrin. 
The  cohjr  may  be  almost  completely  white;  but  if  the  current  is 
almost  stagnated,  admixture  of  red  corpuscles  tK^cnjrs  and  pinkish 
or  quite  red  clots  (atrrant-jt-flif  fiota)  an*  formed.  Of  tliis  latter 
sort  ai'c  the  tlirombi  formeil  in  the  heart,  dnrintr  the  atrrmal 
periml  and  post-mortem*  They  are  further  distinirtiishetl  from 
the  tbromlu  Ibrmed  infra  rUam  by  t!ie  fact  that  they  are  mit 
closely  attaclicd  t*>  the  endocanlium  and  betwei-n  the  tnihecular 
muscles, 

Amoufj  the  iliseases  in  wbicti  tbe  circulation  is  pi*one  to  be 
dujn^gisli,  and  which  are  frequently  accompanied  by  canJiac  tlirora- 
bosis,  pneumonia,  tuberculosis  of  the  lun^s,  the  asthenic  fevers, 
and  diseases  nf  the  mustde  of  the  lieart  may  lie  named.  Dilata- 
tion of  the  ehaml)ei>^  of  tlie  lieart  aufl  cardiac  aueurysm  lead  to 
thrombosis  by  their  etfeet  uptai  tbe  rapidity  of  tbe  circulation 
either  in  the  general  heart-i'avity  in  the  tii'st^or  in  tbe  aneurysmal 
dilatation  in  the  second.  Amouir  the  endoeardiul  lesions  which 
occasion  thrombosis  tlie  most  iiiqwirtant  is  acute  endocanJJtis,  In 
this  comlition  there  is  liabitually  deposited  n|>on  tbe  atleetcd  part 
of  the  valves  or  mund  embieardiuni  a  cap|aug  of  tibrin  dejMisited 
from  the  bloiwl  jiassing  over  tbe  diseased  area.  In  rhronic  endo- 
carditis, especially  when  there  are  irregular  calcareous  deposits 
render! n<f  tlie  surface  rough  and  uneven,  eonsidemble  thrombotic 
depisit  may  rx-cur. 

Pathologic  Anatomy. ^Cardiac  thrombi,  fornipil  some  time  before 
death,  usually  ajjpear  as  deposits  upon  tlie  heart^wall  of  a  yellow- 
iftb  <»r  whitish  color  and  mtlier  firmly  attached  between  the  muscu- 
lar tnioeeuhe.  Occasionally  they  have  a  stratified  appenmncc,  due 
to  the  fact  that  the  circulation  varied  in  rapidity  during  the  for- 
mation of  tbe  thnimbi.  Six-ontlary  clianges  are  not  rare,  the 
most  striking  being  softening  of  the  tibrinous  mas5s  iu  places,  with 
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Fig.  ifii.— ThrombfwlB  Inc^iirdlaa 
eh  ftmbt^re,  showing  cyit-like  ttruct- 


the  formation  of  cy^t-like  cavities  varying  in  s^ize  from  a  split  pea 

to  a  clierry  {Fig,  161)-     Snmetimes   thrombi    project   from    tbe 

endctciirtlial  surf  are  in  a  polype  »iil  ibrni, 

and  these  may  j>rest*nt  tlie  appeanuiee 

of   fibroid    tmnors.      A  4'urioim   form 

occurs  in  the   auricles,  the  throml)ii8 

presenting    itself    as   a    round    mass 

attaehe<l   to  the  endo(*ardium  by  tine 

jiedicles  or   lying  i^ntirely  irec  (bail- 

ill  romid  ;  f/ioh  tiiar  ih  ro  mh  f) . 

Lesions  in  Other  Organs* —Throm- 
bosis of  the  lieart  may  occasion  scTious 
di.sturl>auee  of  the  circulation  by  weak* 
eni ng  the  heart-muselc  or  by  obstruct- 
ing the  valvular  oritices.  The  latter 
is  especially  common  in  the  ease  of  the 
globular  thrombi  or  the  polypoid 
thrombi  of  the  auricles.  Passive  con- 
gestion of  the  \'aritjus  organs  and  the 
secondary  changes  due  to  this  con- 
dition fullow,  Thnmibosis  may  lead 
to  another  and  more  serifius  (langer,  that  of  embolism*  WJien 
portions  of  tlie  thronilnis  are  broken  off  tliey  are  carried  into  the 
circulatitai  and  lodge  in  the  small  arteries  of  the  spleen,  the 
kidney,  the  brain,  the  lungs,  or  elsewliere,  causing  infarctions,  or^ 
in  case  micro-orgatHsms  be  present  in  the  original  thrombus, 
metastatie  abscesses  and  pyt^mia. 

Thrombosis  and  Etnbolism  of  the  Coronary  Artery. — 
The  former  condition  in  much  the  more  common,  as  the  eoroiiary 
arteries  are  frefpiently  the  seat  of  advanced  atheromatous  con- 
traction and  rcjughening,  which  predispose  strongly  to  thmmbosis ; 
and,  on  the  otlier  band,  the  moutlis  of  the  coronary  arteric\s  are 
so  plaec*<l  that  emboli  are  unlikely  to  enter.  The  lodgement  e»f  an 
eml>olus  seriously  c<jmpromjscs  the  heart's  action,  as  has  lieen 
shown  experimentally  in  animals,  and  marketl  pathologic  change 
is  thei'efbre  unlikely  U)  m-cur  before  death  ensues.  When  a 
partially  obstructing  embolus  lodges  or  a  thronduis  is  forme*!  there 
results  almirst  complete  anc*mia  of  the  area  supplieil  by  the  artery 
affected,  and  in  c<»nse(juence  an  anr^mic  infarct.  The  mnscle-til>i'rs 
of  the  affected  area  liecome  liyaHne  or  granularj  and  do  not  take 
the  stain  when  subjected  to  c>rd inn ry  histologic  cjcamination.  To 
the  naked  eye  tiie  diseaswl  portion  presents  itself  as  a  white,  and 
later  as  a  ycllowiahj  area  of  softening,  and  the  condition  is  s|>oken 
of  as  mifomalada  cordw.  It  is  fouml  most  frerpiently  in  the 
anterior  or  posterior  %vall  of  the  left  ventricle,  near  the  apex,  from 
the  fact  that  the  descending  branch  of  the  lef^  ef»ronary  artery  is 
most  commonly  involve<L     Next  in  frequency  to  these  points  the 
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anterior  portion  of  the  septum  is  foimd  to  he  affected.  Small 
areas  may  heal  by  absorjitioii  of  the  degenerated  tissue,  aud  by 
intiltratiou  and  prolileration  of  connective  tissue*  In  this  matiner 
a  scar  is  forniedj  whicli  may  remain,  or  may  subsequently  lead  to 
aneurygmal  dilatation.  On  the  other  hand^  rupture  of  the  heart 
may  be  oceasioned  either  with  or  without  the  formation  of  an  acute 
aueurj'smal  dilatation  at  the  degenerate<:I  area. 

DISEASES  OF  THE   ENDOCARDIUM. 


INFLAMMATION. 

Inflammation  of  the  endoeardiuni,  or  cndoeanliti.s,  may  be  acute 
or  chronic,  though  the  latter  is  in  most  i^xa^i^ii  merely  a  continuation 
of  the  former. 

Acute  endocarditis  affeet.s  the  enda^ardiiun  of  the  valves 
iu  the  great  maj(*rity  of  cases,  hut  it  is  sometimes  found  in  the 
endocardium  of  the  cavities  of  the  heart,  when  it  is  spoken  of  as 
mural  endoearditis. 

Etiology, — Endocarditis  is  pnictically  id  ways  a  secondary  pro- 
cess, aud  is  in  nearly  all,  if  not  all,  ca^es  due  to  the  action  of 
micro-organisms.  Cold  and  traumatism,  upon  which  the  older 
writers  insisted  as  causal  factors,  act  merely  as  predisposing 
causes,  Eud<xrardltis  occurs  most  frc<]ucutly  in  association  with 
acute  artieuhir  rheumatism.  Next  to  this  cause  scarlet  fever, 
pneumoniaj  aud  puerperal  sepsis  are  most  important,  Init  in  any 
case  of  suppurative  or  infectious  disease  endocarditis  is  a  possible 
complication.  It  occurs  at  times  also  iu  Brighl's  ilisease  aud  in 
conditions  of  great  mahmtritiou^  such  as  carcinoma  and  certain 
nervous  atfections.  These  cases  have  been  cited  as  opposing  the 
view  that  endocarditis  is  ahvays  infectious  aud  due  to  nu^cro- 
organisras.  It  may  be  tliat  toxic  sul>stances  resulting  from 
improper  nietabolism  act  upon  the  endocardium  iis  do  micro- 
organisms, or  that  |>ortions  of  the  cndocanliiuu  sutler  degeneration 
as  a  result  of  depressed  nutrition,  but  it  is  also  jjossible  that  ter- 
minal or  iuterf*urreut  infection  from  soiue  hidden  sonree  may  occur 
in  these  chronic  diseases,  with  rt^sultiug  endocarditis. 

As  to  the  micro-organisms  themselves,  the  most  important  are 
the  Sf^tphylot30CCiis  pifogen€.s  aureus,  tlie  Sfrepfococeus  pi/ogcnes^  and 
the  Diplm'oreim  pneumojtifr.  Rut  there  are  many  forms  which 
have  been  less  frequently  detected.  Among  such  are  tlic  Staphy- 
lococcus pyogenes  albus,  tlie  Micrococcus  cndocarditidis  eapsulatns 
and  rugfitus,  the  Bacillus  endoeanlitidis  griseus  and  cai>suIatU8, 
Bacillus  pyogenes  ffeti<lus  or  liacillus  coli  ccmiuumis,  tlic  Bacillus 
diphtlicrite,  the  Bai-illus  aerogeues  capsidatus  (Welch),  or  the  bacil- 
lus nf  Aeliabne,  and  the  l)acillua  of  typhoid  fever.  The  tubcrcle- 
baeiltus  has  been  found  in  a  few  cases,  but  it  is  generally  l^elieved 
that  its  presence  is  exphtinable  as  a  secondary  deposit  mtbcr  than 
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as  the  cause  of  the  endocarditis.  Recently  the  gonocoecus  has 
been  recognized  as  one  of  the  organisms  capahle  of  causing  endo- 
cartlitis. 

The  niicm-organi^ioH  reach  the  |x>iDt  of  disea.^e  from  the  blood 
jxii^slng  Qwev  the  emioeardium,  and  not  througlt  tlie  coronary  cir- 
culation. This  is  proved  by  the  fact  tliat  the  aortic  and  pulmo- 
nary' leaflets  are  frequently  involvetl,  and  they  are  not  s^iipplied 
with  blood-vessels,  and  also  by  the  experimental  pnrdiieticjn  of 
enttocarditis  by  injections  of  niierii-orgauisnis  into  the  bloml  alter 
the  valve  has  been  mcchaniailly  injured.  In  such  cai?es  there  is 
a  direct  de{i*^sit  of  micro-orgtinisms  upon  the  heart-valves. 

Pathologic  Anatomy,— It  is  customary  to  distinguish  two  varie- 
ties, a  simple  or  uerntcose^  or  benign  end<-K*arditis,  and  an  ulcer  at  we  ^ 
aeptk,  mif€otit\  dlphikenii(\  or  malignant  form  ;  l>ut  it  seems  un- 
necessary at  the  prtvsent  tin*c  to  maintaiu  strictly  such  a  distinction. 
The  cases  vary  in  anatomical  appt^arance  and  in  malignancy,  Imt 
there  is  no  essential  difference  and  no  sluirp  dividing-line. 

The  most  common  seats,  in  order  of  frequency,  an'  the  mitral 
valve,  the  aortic  valve,  the  pulmonary  valve,  and  the  endocardium 
of  the  left  veutricle,  the  left  auricle,  and  the  right  ventricle.  Tlie 
part  of  the  valves  first  involved  is  a  line  running  across  the  leaf- 
let at  about  a  distance  of  2  mm.  from  the  free  edge*  It  is  along 
this  line  that  the  valves  impinge  in  closing,  and  it  is  probable 
that  the  mechanical  injur)'  sustained  predisposes  to  euflocarditis. 
In  the  cavities  the  lesions  are  frequently  found  upon  the  cliordfiB 


Fio.  162,— 8e«0f)n  Ihmugh  a  segment  of  the  aortic  valve  and  udjac&nt  parta  of  the  aortA 
•kDd  henrt, showiuK  vi'jf«?tallo[is  on  the  uortk  valve  muigtil fled/:  o,  aortic  valve scg^meut; 
Ct  c,  vegetacioui  ;  /,  ralcareuuB  ptirllelea  iiii  the  biuie  off  the  aortic  valve  (BraiuweU), 

tendineie,  and  of  the  parts  of  the  mural  endocardium  p!"0|ier  most 
apt  to  be  affected  may  he  meutiftned  tlie  porti^ju  of  the  left  ven- 
tricle near  to  the  septum  and  tlic  aortic  valves,  and  the  endocar- 
dium of  the  left  an  rifle  on  the  posterior  and  outer  wall  above 
the  iKisterior  mitral   leaHet, 

The  lirst  a ]ippa ranee  of  endocarditis  is  tljatof  an  area  of  opacity 
or  slight  ruugliucss  extending  in  a  line  acro^'^  tlie  valve  ur  luvolv- 
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ing  the  rndocanliuni  pisowhere.  Tjater,  s^mall  iirMluUir  elpvatinns, 
not  unlike  a  row  of  Fmiill  ijcads,  may  ijirni  ;  and  iioally  tht^re  is  a 
distinct,  irregular,  ami  w art-like  fibrinous  elevation  (Fi^.  1(>2),  To 
cases  «f  this  ehanicter  the  name  rcrrueose  endwardiil^^  has  been 
given;  or  from  the  ysaally  benign  character,  the  name  simple 
endocarditis;  or  from  its  most  frequent  eanse,  rheumatic  eotlo- 
carditis.  In  other  cases  the  mat^s  of  filirinfius  dej^jsit  is  more 
abimdant  (Fig.  163)  aud  more  irregular,  while  in  alill  others  the 


Fio.  163  "Ell  doc  A  rdl  Us  of  the  ar^rtlc  iirul  TnitrHl  vulves.  showinR  VPffetalions  {flbrlli- 
dleposils)  of  couside ruble  size  iKast  and  Huai|>LiK 

deposit  of  fibrin  does  not  take  plaee,  or,  if  so,  is  soon  detached, 
while  necrotic  changes  occur  in  the  end(x^'lrr]ium,  leading  to  the 
formation  of  irregular  ulcers.  tSecondary  deposits  of  fibrin  may 
cover  ao  ulcer  after  its  formation,  or  its  edges  may  be  lieaped 
with  fibrin  ;  and  not  nirely  the  active  neemtie  pnjcess  in  the 
endwanlinm  is  not  visible  until  the  fibrinous  coating,  which  is 
usually  considemlde  in  such  eases,  is  removed.  These  forms  of 
endocarditis  are  those  that  have  been  termed  maiif/nanty  tliph~ 
therHiiCy  septic^  7nifcotft\  or  uiceraiive.  They  are  especially  frequent 
after  puerperal  sepsis  or  other  septic  disi'ases  anu  in  pnennionia, 
but  there  is  no  well-established  dividing-line  between  the  benign 
eases  and  the  severe  (*ases,  either  in  etiology,  in  morbid  anatomy, 
or  in  the  clinical  course  and  termination,  so  that  I  prefer  to  re- 
ganl  them  as  varying  grades  of  the  same  gcuend  process. 

Microscopically  the  endocardium  beneath  the  coat  of  fibrin 
shows  desquamation  of  the  endothelial  cells,  with  frequently  some 
hyaline  degeneration  or  coagulat if )n -necrosis  of  die  latter.  Below 
tliis  there  are  rim!id-cell  iufiltratiou  and,  as  the  proc^ess  continues, 
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prolifenitirm  of  fihrohliistic  cells,  Thv  fihriiioijs  revering  of  the 
valve  itself  f-on?ii fits  of  flakes  ur  j^mrjiilar  masses,  nr  a  tilirillar  net- 
work. By  the  pr<j|)er  st^iinin^-metlnHls  uiasses  of  iKietcna  may 
frequently  he  tlej no tjst rated  in  tlie  snj>erlieial  layers  i*f  tlie  einl*>- 
canliuni  or  in  the  iiljrinoiis  *leiMisit» 

The  simple  ditlers  frt*ra  the  maligimnt  forms  of  endm^irditia 
merely  in  tlie  lesser  aetivity  of  the  neiTotie  ehaiiLros  in  the  endo- 
tiieliiini  and  the  irreater  j>rornineneeof  rejuirative  prf>eesses  (ronnd- 
eell  hdiltralitin,  jiroliferation  of  eoniieetive  tissue). 

Results* — .Simple  endoearditis  may  t»e  healed  hy  the  gradual 
absorption  or  breaking  off'  of  the  fihrinons  deposit  and  its  dis- 
semination in  the  eireulation,  with  coincident  thi<*koning  of  the 
endLieardinm  at  the  jioint  (*f  diseiLse  hy  the  formation  of  tibro- 
bhistie  cells  and  sck'nKtie  eonneetive  tissue.  AVIien  the  prcM-ess 
is  very  limited,  and  especially  when  the  mnra!  endtx^anlinm 
is  atftH'ted,  merely  a  white  spot  <»f  thiekeninir  on  the  entk*- 
cartlium    resuit.s.       When    the    proee.ss    is    deep    there   may    be 


Fm,  ]r^4  —  AntHir>sm  of  the  maml  vulvc,  wUh  niiiture  *-f  the  vulve-cusp.  seen  frora 
thi*  Hurteular  snrfiic^  :  a,  whII  «f  kfl  HuHcte :  h,  anterior  Kepmeiit  uf  tlie  mlttnl  valve,  Iho 
ehorda*  tcndinea-  hove  been  cut  fehort;  c,  tiueurysni  wilh  trianj^uljiroiK-Qing  (B^itIfflwell^ 


decided  distortion  by  contrae*tirai  of  the  new*ff>rmed  connective 
tiJ^ue.  When  the  deposit  of  lihrin  is  hirge  it  fre([Uent!y  nnder- 
gi>es  cidcificatinu,  ami  remains  as  an  irregular,  ealeareoiis  mass 
attached  to  the  valvr*.  In  the  severer  or  malignant  *^ses  destruc- 
tion of  an  entire  valve  or  of  one  of  the  ehoi>la^  tendineie  may 
ocenr.  When  one  of  the  layers  of  the  valves  alone  is  penetrated 
acnte  valvnlar  aneurysm  may  l>e  formed  by  a  pouching  of  the 
other  layer  of  the  valve  (Fig;  li'A), 

Mural  endocarditis  of  malignant  type  may  lead  to  myocjirditis 
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of  a  purulent  character,  and  may  even  penetrate  to  the  pericardium 
and  set  up  a  purulent  pericarditi8, 

Leaions  in  Otlier  Organs. — The  most  serious  danger  of  endo- 
«iixlifcift  is  eiubtilisni.  Smiill  fragments  of  the  fibrinous  deposits 
are  Hiible  to  Ijl^  carried  oil'  into  the  periphtral  rireulatioUj  and  id 
uloenitive  eases  fragments  of  tlie  valves  themselves  maybe  so  con- 
veyed. They  are  prone  to  !<idge  in  tlie  arteries  of  the  sph^^n, 
kidneys,  and  brain,  il>rming  hemorrhagic  infarcts  or  metastatic 
ab-seesses,  according  to  the  uon*inlective  or  infective  character  of 
the  embolus* 

Chronic  Endocarditis  Hsually  affects  the  valves  nf  the  lieart 
and  lea<ls  to  the  distort  it  nis  of  the  valves  eonsti  toting  cl  ironic 
valvular  heart  disease.  Clinieally,  there  are  signs  of  disturbaoces^ 
and  eventually  more  or  less  complete  farlnre  of  the  eireulatinn. 

Etiology. — ^Chrouie  endocarditis  may  l>e  merely  the  contiiioation 
of  acute  eudocanlitis,  or  it  may  weur  as  an  insidious  process, 
chronic  from  the  outset.  In  the  former  group  of  cases  tlie  causes 
are,  of  course,  those  of  acute  cndoearditis,  aud  it  is  partieidarly 
the  rheumatic  form  that  is  likely  to  pass  on  to  a  chronic  condition* 
The  severer  grades  of  acute  endocarditis,  or  those  commonly  s|K>ken 
of  as  mabgiunit  emlocarditis,  are  usually  fatal,  thraigh  w^easionally 
they  may  terminate  by  reparative  overgrowth  «)f  fibrous  tissue.  The 
groii))  of  cases  in  which  the  disease  is  chronic  from  the  start  has 
nuich  in  common  with  arteriosclerosis  antl  atheroma,  as  far  as  etitd- 
ogy  is  concerned.  These  cases  occur  more  frequently  in  persons  of 
advanced  years  and  in  those  whose  occupation  has  been  laborious. 
Chronic  alcohoh'sm,  gxjnt,  Irad-poisoning,  syphilis,  aud  tliabetes  are 
among  the  recf>gnize«t  causes.  Not  rarely  the  endoranlial  disease 
is  secoiulary  to  the  art*  rioscleTOsis,  and  it  may  he  direr'tly  due  to 
it^  rt'sulting  from  the  eonstmit  elevation  of  blood -pressure  due  to 
that  disease.     Laimrious  <H'ciipations  act  in  a  similar  manner. 

Pathologic  Anatomy. — In  hriei'»  the  changes  that  <wcur  in  the 
endocar<liuni  ure  overgrowth  of  tihrous  tissue^  causing  thickening 
%vitli  siibseqiieut  eon  traction  and  distortion  of  the  valves.  The 
ciiordic  tendincte  an*  ffetjucutly  involved  and  beeomt!  ccm verted 
into  selertjtic  cords  of  a  whitish  eolor,  and  less  frequently  white 
elevations  are  seen  upon  the  nuiral  endoeanlium. 

Micn3scopicalIy  there  are  found  the  characteristic  appearances 
of  uew^-tiirmed  connective  tissue  with  occasionally,  in  the  earlier 
stages,  the  appearances  of  granulation-tissue,  New-forme<l  bliKxl- 
vessels  may  be  Ibnnd  within  tliis  tissue,  thougli  frequently  these 
are  degenerated  (hyaline  and  ol>literated).  Sid>secinently  other  de- 
genenitifius  take  plaee.  The  area  of  thickening  liecomes  more 
translucent  and  hyaline,  then  opaque  and  soft ;  coagul  at  ion- necrosis 
and  fiitty  degeneration  take  ]>lace,  aud  there  may  thus  be  ft»rmed 
beueath  ilie  endocardial  surface  a  lesion  scunewhat  resembling  a 
minute  abscess.  This  may  rupture  upon  the  endocanlial  surface, 
forming  a  so-calletl  atherumatous    ulcer,   upon  which    fibrinous 
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deposits  may  collect ;  or  it  may  be  slowly  mspisstitt-*!  ami  con- 
verted into  a  calearc^ous  patch.  Tn  exiHCS  in  wliirli  acute  etnlo- 
earditis  with  thrombotic  deposits  passes  into  chronii"  en<hH'anliti.s 
the  iilirinons  masses  of  the  snrface  may  he  remleivd  i-aleareous  at 
the  Sciine  time  that  the  sclerotic  processes  arc  takint^  pla**e  in  tlie 
vaK'e.  Suhseqiiently  the  same  <Ie|ienenitive  changes  and  (*aleiti- 
cation  may  occur  in  the  tissue  of  the  valve  itself,  a.s  are  seen  in 
the  athen>matons  fonn  of  the  {lisease.  In  the  late  f?tagcs  it  is 
often  quite  impossihlc  to  determine  whether  the  case  bctr^m  as  an 
acute  endocarditis,  or  whether  it  was  chronic  from  the  first. 

The  segments  of  the  valves  are  fref|uently  gn^atly  shortened 
and  ronndcd,  so  that  they  become  mere  stamps,  or  they  may  be 
curled  upon  themselves  or  drawn  back  and  tinnly  adlierent  to  the 
wall  of  the  aorta,  pulmonar}^  artery,  or  tlie  ventricnlar  cavity. 
The  inilividnal  seg^jivents  may  he  agt^lutinated  and  united  as  a  ring 
or  diaphratrm  projeetint,''  from  the  valvular  oritice* 

Tlie  valvular  fnnetion  is  interfered  witli  in  two  ways  :  first, 
obstruction  may  be  offered  to  tlie  outflow  of  blood  by  the  ri^id  prt>- 
jeetin]^  valves  and  contracted  f»rifice,  a  condition  to  which  the  term 
sfenfmA  Is  ajiplicd  ;  i>r,  on  tfie  other  hand,  the  valves  may  fjc  so  dis- 
torteil,  shortened,  or  drawn  backward  that  they  are  no  hmiriT  able  to 
c  I  ose ,  a  n  d  n  i.*<  njficieurff  r esi  d  ts .  T  h r  se  n  1 1 1  u  n  ar  vn  1  ves  are  pa  rt  i  c  n  1  a  r I y 
prcaie  to  be  shortcTitMl  ujid  thickened  and  rcenrvcd  and  insufhciency 
is  therefore  most  like!y  to  occur.  The  mitral  valve  is  frequently 
thickened  and  converted  into  a  fnnnel-like  formation  by  agglutina- 
tion of  the  ei%es  of  the  anterior  with  those  of  the  posterior  se^rment. 
There  may  tluis  be  merely  a  slit-like  orifice  (button-hole  mitral), 
■which  oe(*asions  ij^reat  obstruction  to  the  outflow  *)f  blood  from  the 
auricle,  tNimewliat  similar  elutngcs  arc  met  with  at  the  tricuspid 
valve.  The  pulmonary  valve  is  rarely  atlected  in  later  life,  but  is 
{Sometimes  the  seat  of  fetal  emlocnrditis,  leadin^;^  to  permanent 
changes. 

Eesultlng  ChaEges  in  the  Heart. ^ — The  valvular  defects  can  be 
overconic  in  nniy  one  way— by  ini-rease  of  the  power  of  the  hcart- 
mnsele.  IIyj>crtru]>hy  is  therefore  the  natural  result.  This  afleets 
first  the  cavity  upon  which  excessive  work  falls  as  the  result  of 
the  regurgitation  of  blmxl  in  cases  of  insufficiency^  or  as  the  result 
of  the  excessive  strain  jihu^ed  upon  the  heart-wall  to  force  the  blood 
through  the  nan-owed  *  orifice  in  stenosis.  The  amount  of  liyper- 
trophy  varies  with  the  condition  of  the  gencrsd  health  of  the  indi- 
vidual and  with  the  scricaisness  of  the  lieart-lesion  itself  When 
the  gt^neral  health  is  goo<l  there  is  apt  to  be  conmxensnratcly  ade- 
quate hypertrrtphy,  and  when  the  lesion  is  not  of  sufHcient  gravity 
to  interfere  with  the  circulation  in  the  coronary  arteries,  and  the 
heart  is  tliereibre  f*r*nstantly  supjilicd  with  a  snfficicn*-y  of  bhiod^ 
hypertroiihy  is  well  maintained.  Eventually  as  the  result  of  <'on- 
tinued  o\erwt»rk  and  nf  i'<intinuinisiy  increasing  embarrassment  rd* 
the  circulation  or  of  iutercurrcut  diseases,  the  heart-muscle  sutfei^s 
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fatty  or  fibroid  degcneratiim,  x\w  oavitie? 
fail?. 


dilate,  aiitl  the  circulation 


Changes  in  Other  Organs*^— The  passive  eongestiong  result^ 
intr  fVoii)  f^^iliire  ui"  the  niunle  (*!"  the  heart  are  orten  extreme,  and 
ina\"  lend  to  pnit'oinid  changes  in  various  nrpms,  notably  the  liinjrs^ 
liver,  and  kidneys.  These  are  diisrnssed  in  tlie  ajijjrojrriute  sections. 
Enibcilisni  is  a  not  iniret|iicnt  accident  in  chroiiie  eiid<)earditi.s,  the 
emboli  beiii^  partt^  of  the  valvular  dcjKtsits  or  parts  oi"  thrt>mbi  in 
the  cavities  ot*  the  heart. 

Pathologic  Physiology.^ — Endoeanlitifi.  ncnte  and  chronic, 
leads  tf^  variipus  distorliantv?-  ot'  the  rirenlatjon  and  of  tlie  treneml 
health.  In  aentc  endixaitlitis  the  lesions  may  becifme  the  center 
of  dissemination  nf  iniections  material,  iind  the  disea.«e  may  nin 
its  course  with  all  tlic  manifestations  of  an  obscure  septicemia. 
This  is  partietdarly  true  of  the  cases  usually  designated  as  malig- 
nant, tenons  distnrlianee  of  the  heart-action  e>rx'urring  in  acute 
cases  is  sometimes  difficult  to  explain.  The  lesions  upon  the 
valves  may  be  seeiinngly  very  iusignitieant,  and  yet  tlie  heart  may 
be  very  irregular  in  action  and  exr-rediugly  Aveak.  In  part  this 
may  be  rcflt  x  and  in  part  it  is  prohal)ly  the  result  of  associated 
disease  of  the  niyfu^ardium.  Scmie  recent  investigntions,  made 
aceonling  to  mrKlern  methods,  have  shown  the  heart-muscle  impli- 
cated more  often  t!ian  lias  Ik'CU  suspected.  Acute  myoeartlitis  and 
diseases  of  tlie  bluod-vcsscls  of  the  myocardium  (tlirondiosis)  liave 
been  discovered. 

Chronic  end(K'anlitis  (valvular  disease)  oiTasions  more  or  less 
profound  jm-ehauieal  disorders  of  the  circulation.  The  severity 
of  these  dejK'Ucl  upon  the  coudititm  of  the  heart-nmscle  more  than 
njM»n  tlie  severity  of  the  valvular  lesioiK  There  is  always  a  ten- 
dency to  compensatory  liypertrophy  of  tlie  heart -niust^lc,  and  tor  a 
time  this  may  suffice  to  avert  serious  disturbanees ;  but  with 
Iiypertnjphy  there  is  always  degenerative  change  (fibrous  niyacar- 
tl i t i s ,  and  later  lii tty  d egen e ra t i on ) ,  a s  a  tvs u  1 1  < if  \v Inch  the  ca rd i ac 
power  eventually  tails,  and  symptoms  of  venous  congestion  de- 
velop. Tlie  degree  of  hypertrophy  and  f»f  degeneration  depends 
upon  the  nature  and  severity  of  tlie  valvidar  lesion,  upnu  the  age 
and  general  condition  of  the  individual,  and  ujhju  associated  local 
conditions,  such  as  disease  of  the  coronary  artery. 

When  compensation  tails,  the  various  organs  ctf  the  body  suffer 
congestitui.  The  lungs  are  first  affected  iu  disease  of  the  left 
heart  (mitral  and  aortic  disease).  The  caj>illaries  of  the  pul- 
monary alveoli  Itecome  over-fulh  ami  encroach  upon  the  Itimcn  of 
the  alveoli,  or  by  elongation  stretch  the  alveolar  walls  and  render 
them  inelastic.  In  either  case  proper  respiration  is  prevented — a 
condition  which  is  further  aided  by  the  retarded  pulmonary  circu- 
lation. As  a  result  of  these  conditions,  dyspnea  (eanbac  asthma), 
coughj  and  expectonition  develop.  In  extreme  eases  edematous 
exudation  takes  place,  antl  in   long-continued   cases  cyanotic  in- 
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duration  of  the  lung  oceiirs.  In  such  instances  there  may  hv  vou- 
tiniious  couji^li  a  11*1  respinitorv  in^uflioioncv. 

When  tlie  right  irenrt  fails,  the  liver,  spleen,  gtistro- intestinal 
mncosa,  the  kidneys,  and  the  peripheral  eireiilatiori  .-^after  emijires- 
tion.  The  liver  may  hecanie  greatly  engorged,  and  in  certain 
cases  (trieiispid  regiirgitation)  actually  pulsates  with  caeli  ventrieii- 
lar  systole.  The  swollen  liver-cells  and  tlie  engorged  vessels 
cans*!  obstruction  ot*  tlie  l)iliary  eapillaries,  and  eon.s«*qncntly  pro- 
duee  jamidice»  To  some  extent  this  may  he  due  to  associated 
congestii>n  of  the  hiliary  ehaiuiels,  (Vjugestion  of  the  g^istro- 
iutestinal  mucosa  may  occasion  various  forms  of  gjistrie  or  intesti- 
nal cicrangcment. 

Metiiholic  <Iisturbanees  of  various  sorts  may  occur  in  con- 
sequence of  the  im}M_^rfect  circulation.  The  rcs]>iratory  exchange 
of  gases,  in  some  cases  at  least,  is  redticed,  though  the  degree  of 
cyanosis  cannot  he  taken  as  an  imlex  of  the  reilueetl  oxidation. 
In  man  cyanosis  is  dependent  upon  stagnation  of  circulation 
rather  than  reduced  oxidation.  The  ptYHlucts  of  nietaholism 
exen.4ed  in  the  urine  may  indicate  the  reduction  in  oxygen  iu 
the  tissues.  Tlie  metabolic  eonsumptifui  of  the  prfjteids  of  the 
body  seems  to  be  increased,  Init  the  explanation  of  this  flit^t  has 
not  vet  been  satisfactorily  determined.  Some  regard  it  a-s  a  C4in- 
sequence  of  molecular  necrosis  due  to  insutficienc^y  of  the  supjjly 
of  oxygen.  The  exerctiou  of  nitRjgenous  elements  may,  however, 
be  reduced  when  ti-ausudatcs  are  forming.  Tliis  is  due  to  the 
storing  u[>  of  metabolic  prorbicts  iu  tin*  transudates.  The  urine 
may  present  albumin  as  a  result  of  clironie  (Congestion  and  secontl- 
ary  renal  disease  ;  the  hepatic  functions  are  ilisturl>ed  by  congestion 
aufl  jaundice  may  n^sult ;  anrl  in  the  more  severe  instances  liydn> 
biliunria  «K*curs.  The  condition  oPthe  hlcKwI  is  of  special  inter- 
est. During  perio(]s  of  failiug  conipeusation  the  concentnition  of 
the  bloml  is  increased  or  norma  I ,  and  the  number  of  blofRl -corpus- 
cles may  Ijc  excessive.  In  part,  at  least,  these  eonditicuis  aT*e 
explained  by  the  assumption  that  the  corpuscles  arc  retained  in 
the  |jeri])Iicra!  parts  of  the  circulation  in  greater  measure  than  the 
fluid  elements  (see  Polycythemia).  When  the  canliac  compcnsji- 
tion  is  well  maintained  some  anemia  may  be  apparent,  esjiecially 
in  i^ases  of  aortic  diseasr. 

Disturhaucc  of  the  rate  ur  rhythm  of  the  heart  is  not  infrequent. 
The  rate  is  iisuany  more  rapid,  hut  iu  acFrtic  stenosis  it  is  slow. 
This  is  iu  etlert  a  couscrvative  jirocess,  as  it  enables  tlie  ventricle 
to  discharge  its  contents  ihrougli  the  narrowed  orifice.  Arrhyth- 
mia is  generally  proportioni'd  to  the  grade  of  degeneratitm  of 
the  niusete  of  the  In  art,  and  it  especially  marked  in  cases  in  which 
the  walls  of  t  lie  auricles  a  re  involved.  The  attempt  to  c<  uiucct  dis- 
orders of  rhythm  with  disease  oi'  the  intraeaixliac  nervous  mechan- 
ism has  thus  for  failed  of  demonstration. 
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CIRCULATORY  DISTURBANCES. 

Anemia  of  the  heart-musele  may  be  part  of  a  {rpneral 
anemia*  It  may  occur  in  rases^  of  narrow injr  or  filjstnietion  of 
the  coronary  arteries,  and  it  may  be  the  resrilt  of  the  pressure  of 
pericartlial  effusions.  When  long  eontinueri  it  U»a(js  to  fatty 
deL^eneration  of  the  heart,  but  is  it.self  of  little  coo.seqnenee. 

Hyperetnia  fif  the  heart-muscle  may  occur  when  there  is 
olistrnction  to  the  return  of  tlie  blcxxd  to  the  rinrht  heart  through 
its  venou.^  channels.  It  may  be  part  <)f  a  general  hyperemia  in  a 
failing  eompeasation  of  valvular  or  mui^enhir  diseases  of  the  heart. 
The  hcitrt-nuiselc  assumes  a  dark-red  color,  and  the  veios  are  seen 
under  the  epiciinlium  as  dilated  bluisli  vessels. 

Hemorrhages  hi  the  heart-mnsele  Jtiay  result  fnmj  ob- 
struction »>f  ihe  coronary  arteries,  when  the  lieniorrliage  assumes 
the  furm  of  an  infarct.  There  may  also  be  hemorrhages  in  cjLses 
of  intense  myocarditis  or  surrounding  abscesses  of  the  heart-mus- 
ele,  and  tiually  points  or  streaks  of  hemorrhagic  infiltration  may  be 
seen  between  the  muscle-fibers  in  persons  who  have  died  with 
gome  form  of  hemorrhagie  diathesis,  fmm  sepsis,  or  from  various 
intoxieants. 

DEaENERATlONS. 

ParenctiyTnatous  degeneration,  or  dondy  swelling  of  the 

heart,  was  designated  l>y  Yireliowas  parenchymatous  myui^arditis. 
It  is  essentially  a  degenerative  process  and  should  he  so  described, 
though  it  forms  a  not  inconsiderable  part  of  the  pathologic  changes 
occurring  in  the  heart  in  acute  myoiuirditis. 

Etiology. — The  imme<liate  cause  is  infection.  It  is  met  with 
in  the  course  i»f  diptjfheria,  typlioid  fever»  scarlet  fever,  rheuma- 
tism, and  other  iuieetious.  It  may  l>e  that  elevation  of  the  tem- 
perature alone  sufhees  \\\  Vu'ing  it  about,  and  in  these  cases  no 
dfuiht  abnormal  substances  resulting  from  disordered  metaljolism 
are  the  direct  toxic  agents,  but,  as  a  rule,  it  is  the  specific  toxin  of 
the  infectious  that  fHTasions  the  myocardial  disease.  Localized 
parenchymatous  ilcgeueratimi  may  \w  Inimd  in  the  heart-fibers  ad- 
jacent to  areas  of  cmlocarditis  or  pericarditis,  ajul  d*»rditless  the 
same  etioiogic  factors  are  at  work  in  tliis  as  in  more  geuemlized 
instances. 

Pathologic  Anatomy. — The  changt»s  are  more  marked  in  tlie  left 
veutriele  than  elsewhere;  though  any  part  of  t  tie  heart  maybe 
aftected.  As  a  rule,  parenchymatous  ch'geue  rat  ion  occurs  as  a 
dirt  use  process,  but  there  may  be  tudy  lijuited  areas  here  and 
there.  The  nn'ocardium  beeon>es  pale  in  color  and  oiten  has  a 
turbid  appearance  ;  it  is  softer  tlmu  normal,  the  heart-walls  are 
usually  Habby,  an<l  the  cavities  somewhat  dilated,  Microscop- 
ically, the  fibers  are  fmmd  to  be  filled  with  fine  granules  of  albu- 
minous nature,  wliieh  may  ei>mpletely  obscure  the  striations  and 
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even  the  nuclei,  hni  wiiit'Ii  may  he  cleurtHl  up  hy  the  atklitiuu  of 
acetic  acid,  MiiltipHcation  of  the  iiuclei  and  round-cell  infiltra- 
tion of  the  intermusciihir  eonnective  tissue  may  he  obscn,'cil,  hut 
these  are  inflamniiitor\^  cliiinges  rather  than  degeuerative,  and  are 
not,  therefurcj  strictly  t\  part  of  tlie  disease  in  qnestion.  Paren- 
eliymatoiLs  degeneration  may  be  eoin pi  Seated  by  a  form  of  liyaline 
<legeueration,  the  aJf'ected  fibers  becoming  converted  into  cylin- 
ders of  waxy  apixv^nuicc*  When  elondy  swelling  persists  tatty 
degeneration  is  often  the  terminal  ehaiigc. 

Amyloid  degeneration  results  from  the  causes  which  induce 
amyloid  disease  in  other  or*rsnis.  It  iii  not  infrequently  found  in 
minute  areas  here  and  there,  l>ut  only  rarely  has  it  been  seen  as  a 
widespread  pn»ecss  atleeting  the  connective  tissue  between  the 
muscle-fibers  and  beneath  the  endocardium  and  pericardium.  In 
such  eases  the  same  wax-like  appearance  is  seen  as  in  the  liver  or 
spleen,  and  the  clianuicristic  reaction  with  iodin  may  be  ilenion- 
strated. 

Hyaline  degeneration  is  sometimes  associated  with  aniy- 
loid»  and  gives  ri>e  to  a  glassy  or  waxy  transformation  of  the  con- 
nective tissue.  It  is  usually  seen  in  small  areas,  but  may  he  quite 
widespreatl.  Zenker  dcscribeil  a  form  of  hyaline  disease  of  the 
muscle-til)ei*s  themselves  as  ot^curring  in  typhoid  and  other  infec- 
tious fevers,  and  affecting  the  heart-muscle  as  well  as  the  muscles 
of  the  alMlominal  wall.  This  is  usually  associated  with  parcnc^hy- 
matous  degeuemtion  and  t»ccurs  in  limited  areas.  Microscopically 
there  may  l>e  seen  small  iiyalinc  niasses  or  gloludar  areas  embedded 
in  the  niusele-fiber,  the  rest  of  the  fiber  showing  the  appearances 
of  cloudy  swelling. 

Fatty  infiltration,  or  obesitas  cordis,  is  but  an  increase 
of  the  norjnal  condition.  In  the  normal  heart  there  is  a  certain 
amount  cd'  fatty  deposit  liencalh  the  ejrieardiumj  especially  in  the 
furrows  and  along  the  lines  of  the  lilood-vessels.  In  disease  this 
may  become  enormously  increased  and  there  may  be  penetration 
of  the  adijx»se  tissue  into  the  wall  id'  the  heart  between  the  mus- 
cle-fibers, sometimes  as  far  as  the  sul>endocardial  fibrous  layer. 

Etiology. — The  causes  are  those  which  induce  general  obesity. 
Thus,  it  may  be  the  consequence  of  an  hcn^ditary  tcudeney  or 
sedentary  habits,  with  overeating  and  drinking;  it  is  more  com- 
mon in  advaneefl  years  than  in  early  life.  Ver>'  frequently  it  is 
met  with  in  women  who  liave  grown  stout  at  the  mcuo[»ause ; 
sometimes,  however,  considerable  deposit  about  the  lieart  may 
occur  in  persons  otherwise  presenting  no  tendeney  to  fatness. 

Pathologic  Anatomy, — ^The  adipose  tissue  beneath  the  vi>feral 
pericardium  maybe  slightly  iuereased  in  amount,  or  the  heart  may 
be  embeddc<:l  within  an  enormous  dejiosit  of  fat,  which  may  involve 
not  alone  the  epieardium,  but  the  parietal  layer  and  the  medias- 
tinum as  well.  On  section  through  tiic  heart-wall,  trabecnhe  of 
adipose  tissue  ma)'  ije  seen  passing  througli  the  lieait's  substance, 
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and  Honietiines  h^ubfiitlnonrdiiil  deposits  may  hu  sot-n  a>  u  uiiifurni 
iiifiUratinji  heneath  the  i'lidririirdhini  or  as  loealized  deposits?  pro- 
jecting iotfi  the  heart  beoeuth  the  endoranlium.  Mioro&eopiailly 
fatty  infiltmtiun  pret^entrt  the  ordinary  apiHumnees  of  adijHise  cells 
lying  between  the  heart-mnseh]'  hbers  (Fig.  165).  The  fiJx^rs 
themselves  are  not  involved  ;  but  they  may  beeome  atrnphie  from 


Fio  165.— Ffltty  inflitrtttion  of  the  heart,  frnm  a  section  through  the  wall  of  the  rigbt 
an  rifle  <  B ru  tn  well ) . 

pressure,  and  in  snob  ini^tanees  i>re!*ent  a  moR^  yelhnvisli  or  brown- 
ish color  than  normab  and  minxjseopi rally  s^how  an  alumdanee  of 
granules.  In  other  eases  proixoimeed  iatty  degeneration  h  seen  in 
the  musele-fil>ers. 

Eesults.^W  uakeniiig  \yi'  the  heart-miisele  must  neeessjirily 
result  troni  the  meebanieal  impediment  im prised  iipmi  the  mustde. 
Cireulatory  distari>anees  are  tbereff>re  met  uitb  as  in  valvidar 
disease  or  fatty  degeneration.  Oeeasionally  rnpture  of 'the  heart 
occurs,  and  is  due  to  tlie  atrophic  condition  of  the  muscle  proper 
and  a  want  of  resisting  power  of  the  inhltmting  adi]M>se  tissue. 
It  is  especial ly  pnuie  tci  <>eeur  wlien  the  disease  is  localized. 

Fatty  dei:eiieration  atfects  the  muscle-hbcrs  themselves. 

Etiology, — Fatty  degeneration  results  from  malnutrition  or 
from  toxic  agencies.  The  most  frc*jucnt  cause  is  anemia,  cither 
local  or  general.  Local  anc^mia  is  due  to  sclerosis  a!>d  narrowing 
of  the  coronary  arteries  ;  or  it  may  be  the  eonsequenee  of  improper 
circulation  in  the  coronary  vessels  attending  the  final  stages  of 
valvular  disease  fif  tlie  Iicart.  Fatty  degeneration  is  tliercfore  a 
terminal  condition  in  arterial  sclerosis  affecting  the  coronary  ves- 
sels and  in  valvular  disease.  Tlie  remote  or  antecedent  causes 
are  those  which  bring  about  arteriosclerosis.  We  find  it  thert*fore 
in  elderly  persons  of  the  male  sex  w^ho  have  bad  syphilis,  who 
have  used  alcohol  excessively,  or  have  gout  or  clironic  Brigbt'a 
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disease.  The  fattv  dG|[i:pnpi'ation  of  tlie  lieart  roi^ulting  from  gen* 
eral  anemia  is  most  typically  seen  in  |)eniiieious  anemia,  in  which 
the  moi^t  extreme  ^nides  of  tatty  disease  are  sometimes  witnessfd. 
Of  tlie  eases  whieh  an*  chie  to  toxic  agents  we  may  distinguish 
those  resnlting  from  s|jeeifie  infections  and  those  occurring  in 
various  chemiexil  intoxications.  In  the  sptxnfie  fevers,  in  which 
intense  parenchymatous  tlegeneraticm  oeeurs,  and  among  tliese 
diplitheria  is  most  promineutj  fatty  degeneration  is  sometimes  the 
terminal  condition.  Among  the  external  prasons  eapahie  of 
pnx!ueing  the  disease  phosphonis  and  arsenic  are  impurtant 

Pathoiogic  Anatomy.— Fatty  degeneration  may  be  a  localized 
or  a  diffuse  prwfss.  As  a  rnle,  a  considerable  portion  of  the 
heart  is  affected,  but  only  isolated  fibei's  or  groups  of  Hl>ei*s  are 
involved*  There  results  a  somewhat  speckled  or  mottled  condi- 
tion, whieh  is  especially  visible  l>eneath  the  endocardium.  Streaks 
or  lines  of  a  yellowish  or  whitisli  ci>lor  alternate  with  tlie  darker 
portions  of  normal  muscle.  Mb  en  the  process  is  uniform  the 
entire  mnsele  assiunes  a  yellowish  hue.  It  is  softer  than  normal, 
the  e-avities  tend  to  dilate,  and  the  walls  may  be  considerably 
thinner  than  normal. 

Microscopically  the  nmscle-fibei^s  are  ftaind  ti>  be  filled  with 


^  ^^3p:ewi<^*;^ ' 
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Pm*  lfi6— F»Uy  degeneraUon  nf  the  heart  in  ii  tu^e  nl  jh  rmi  |,,ijs  miemia;  some  of  the 
flbere  in  tlie  lower  part  of  ihe  llluslmtion  an?  iioniml  (Btreb-HIrsebfelciK 

small  granules  of  a  dark  color  or  with  small  droplets  of  hitfh 
refractive  jwwer  (Fig*  106)*  These  may  completely  obscure  the 
nncleus^  or  they  may  be  arrano^ed  in  groups  at  the  poles  of  the 
nucleus.  Sometimes  distinct  vjieunliziition  id'  tfie  iiljers  is  seen, 
especially  in  castas  in  which  fibroid  myfiearditis  accompanies  the 
fatty  change.  The  nature  of  the  granules  and  droplets  within  the 
fibers  is  well  demonstrated  by  treating  the  section  vtith  osmic  acid, 
when  the  fat-droplets  become  intensely  black. 

Associated  Conditions.— In  cases  of  coronary  s<derosis,  or  valvu- 
lar heart  disease  with  failure  of  eomiieusation,  tatty  degeneration 
is  rarely  the  sole  patliologic  condition.  As  a  rule,  fibn*i*I  myf>- 
cartlitis  accompanies  it,  and  the  latter  may  be  the  more  extensive 
and  im|xjrtant  condition  of  the  two.  Flatty  infiltration  is  ofteo 
met  with  as  an  assoeiated  condition,  and  may  be  the  dinx^t  cause 
of  the  degeucration  by  the  pressure  exerted  upon  heart-muscle 
28 
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fibers  by  the  infiUrating  fat.  Rupturr  (»f  tht-  heart  may  occur  in 
cases  in  which  Jatty  ilcgcnenitifni  affects  localized  areas,  ns  is  oiTten 
the  case  near  the  apex  of  tlie  heart. 


Fro.  IfiT.^Marked  peniTAl  st-jfrocntiitiMti  \4itli  i^reat  dbisttif^is  nf  the  pteces;  X  l^  fIVom 
thf  Amrricon  Journal  qf  Uw  Mfdtcnl  Scitmx^}  (Hekti>en), 


Segtnentatioti  of  the  Fibers, — This  is  an  interesting  con- 
dition iR'ca^ionally  observed,  eiipeciully  in  cjises  in  which  sudden 
death  lias  taken  place.  It  consi,sts  in  a  transverse  splitting  of  the 
fibers,  by  which  they  are  converted  into  columns  of  varying  length 
eeparateti  Ijy  tninsverse  tissures  (Fig.  167),  It  tias  been  described 
under  the  name  of  Hal  M'f/mfidahr^  or  viifocfirdiit'  a^'grnentahx^  by 
French  writers.  A  considerable  discussion  as  to  its  significance 
hjis  arisen,  some  holding  that  it  is  a  condition  of  elinieal  as  well  as 
pathologic  impurtance  ;  otliers,  that  it  occurs  during  the  death- 
agony  i>r  pt>st-mortem.  Whether  the  latter  statement  he  true  or 
not,  the  segnxentation  seems  to  indicate  a  degree  of  fragility  of  the 
fibers,  and  in  particular  of  the  cement-substance^  wholly  abnormal, 
though  it  may  not  be  demonstnil>le  by  our  present  means  of  exam- 
ination. This  fragility  may  be  due  to  digestive  action  of  bacteria 
or  bacterial  products,  as  has  been  suggested.  Some  recent  investi- 
gations seem  to  in<lieate  tliat  segmentation  is  purely  artificial,  and 
brought  about  by  the  imperfect  adjustment  of  I  lie  knitc  in  cutting. 

Degeneration  of  the  intracardiac  ganglia  lias  been 
noted  by  a  number  of  observers  in  myocarditis  and  in  eases  of 
angina  pectoris  without  gross  cardiac  altenition.  The  changes 
observed  are  sweUing,  nr  granular,  fatty,  and  hyaline  degeneration 
of  the  ganglion-cells,  and  infiltration  of  rountl  cells  with  sclerotic 
formation  between  the  nerve-cells*  The  importance  of  these  ^ 
changes  has  not  been  determined. 

Pathologic  Physiology. — The  functional  disorders  in  de- 
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generations  of  the  nivocariliiun  may  be  due  to  the  diivei  injury  of 
the  fibers,  or  to  clisfurbanceH  of  the  nervous  mechanism  of  the 
heart.  The  latter  j^eems  to  be  the  ease  in  instances  in  wliich 
niarkefl  eanliae  irregularity,  or  arrhytlnnia,  weor?,  Tlie  tliBease 
of  the  fibers  explains  tht'  weakness  oi'the  heart-aetifm  ;  ami  thin  is 
especially  marked  in  eases  (of  fiitty  and  iibniid  disease)  in  which 
the  circulation  throo|rh  the  coronary  arteries  is  insutfieient.  Recent 
investigations  have  shown  that  tatty  degeneration  of  the  heart- 
muscle  in  itself  causes  much  less  cardiac  wx^akness  tlian  has 
generally  been  supposed.  Sometimes  the  heart  is  arre^^tcit  aiid 
sudden  death  occurs  in  cases  of  myocanlial  degeneration  due  to 
infectious  fevers  (diphtheria).  This  was  formerly  ascril>ed  to 
heart-c]ots»  hut  is  now  recognized  as  a  form  of  sudden  and  com- 
plete asystole  due  to  tlu:?  myocanlial  disease  or  to  associated  nervousj 
disorders,  organic  (in  the  intracardiac  ganglia  or  in  the  cardiac 
nerves)  or  reHex,  The  *listurbances  of  the  general  circulation  in 
myocanlial  disease  and  their  results  arc  similar  to  those  met  with 
in  valvuhir  disease.  (See  also  pathologic  physiology  of  Fibroid 
Degeueratiou  of  t lie  Heart.) 

The  result  of  recent  physiologic  iuv&'?tigati(ms  has  been  to  give 
greater  imjHJrtanee  to  the  integrity  (d'  the  muscle  fibres  than  to 
that  of  any  intracardiac  nervous  luechauism  in  the  mainteiiauee 
of  regular  rytlunic  action  of  the  heart.  It  has  been  found  that 
the  uiuscle  cells  have  the  projH^rties  of  stiniidibility,  cmiductivily, 
and  eontractiiity.  Tlje  im[jul>e  to  contraction  originates  at  the 
openings  id*  the  great  veins  into  the  auricles,  and  is  eonducted 
through  the  muscle  fibres  (condnctivity)  an<I  received  by  the  fibres 
of  the  auricle  anil  the  ventncle  (stimulibility),  which  are  thus 
nuide  to  contract  (contractiUty)  in  an  orderly  fasliiiui.  If  any  rnie 
of  the  pPiiK^rlics  is  <ns(»rdcrcd  arrhythmia  ur  altered  rates  of  cuu- 
traction  result.  In  passing  from  the  auricle  to  tlie  ventricle  the 
impulse  traverses  a  nam»w  hand  of  muscle  (atrii^-ventricular 
bundle  of  His)  tlie  only  inijscular  conrjcction ;  and  linth  physiologic 
experiment  and  autopsy  findings  in  eases  fd' Stnkes-Adanis  disease 
liavc  shown  that  ilestruction  i>f  His's  btmdie  causes  iudei»eudeut 
contraction  of  the  aurieles  and  ventricles,  the  fi»rnier  beating  as 
freijuently  as  HO  or  \\\\\,  the  latter  betwet^n  20  and  30,  The  terra 
*'  heart-block  *^  has  been  given  to  this  corjdition  by  physiologists. 


INFLAMMATION, 

Inflammation  of  the  heart-mnscle,  or  mycx^arditis,  may  be  either 
acute  or  ehrfmic,  diffuse  or  circumscribed, 

Actite  myocarditis  was  designated  carditis  by  the  older 
writers,  thougii  the  sjune  term  was  applied  to  endocardial  and 
pericardial  inflammations  as  w*elh  It  may  be  circums<_'rit)cd  or 
aiHuse,  the  former  a|ipcaring  most  fretiuently  in  tljc  form  of  ab- 
scesses of  the  heart-museh'. 
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Acute  circumscribed  myocarditis,  nr  ;iVi><r?6s  r.f  i1k*  lieart, 
may  fici-ur  in  oonnerti<»ii  with  pent^tnitin^  i'liclocartliiil  lesions  or  in 
association  with  iR'rirarditiH.  Mnn:  frc*|iK'ntly  tlie  iiifertioii  takes 
plare  tlirouirli  tlie  rurtniary  rirrahittoii.  nml  tUv  nu-VAstiitU' nU^vv^^ses 
of  the  heart  are  hut  a  part  of  a  general  pyeinir  disease  (Fig,  168). 
This  oeeiirs  in  rases  of  piierpeml  sepsis,  in  usteomyehtis,  anri  other 
intensely  septic  diseases,  hut  jjartieularly  in  eases  of  malignant 
emhx^arditis. 

Pathologic  Anatomy* — When  the  infections  emholi  are  larcre  a 
sin^h"  abscess  or  a  few  abscesses  result^  while  in  eases  of  finely 
disseminated  infections  partieles  the  heart-sul>stanee  may  he 
studded  with  innnrnendile  suppurating  points.  These  are  more 
eummon  in  tlie  left  ventricle  and  in  tlie  anterior  wall  than  else- 
where. At  first  the  lesion  may  present  itself  as  a  uiinute,  hemor- 
rhagic, or  necmtie  area,  but  soon  tlic  focus  softens  and  forms  a 
purulcjxt  eollection.  In  size  the  abs<'esses  vary  from  the  merest 
points  to  caviti(s  the  size  of  a  cherry,  and  as  nnich  as  an  ounce  of 
pus  has  heen  removed  froui  a  single  4'uvity.  Perforatiun  may  take 
plaee  into  the  heart  itself,  and  acute  cardiac  auenrysm  or  even 
rujiture  of  the  heart  may  ensue.  On  the  other  hand,  the  al)8cess 
may  discharge  into  the  pericartlial  sac»  f»r  without  such  rupture 
may  set  ujv  purulent  pericarditis.     Occasionally  tlie  pus  becomes  in- 


Fig*  1fi8.— EmboUc  abat'cas  t^f  the  myofardium* 

gpissatcd  and  fibrous  overgniwth  causes  its  complete  encapsulation, 
or  finally  the  area  may  l*e  rendered  calcareous.  8ueh  termiuatiouH, 
however,  are  rare»the  patient  usually  perishing  of  t!ie  ] ryi an ic  pro- 
cess, as  a  part  of  which  the  ahsc*esses  in  tlie  lieart  ot-cur. 

In  suppumtive  mytMianlitis  occurring  fn»m  extension  in  <'onse- 
quenee  of  malignant  en<kK'ariliUs  communicating  sinuses  may  be 
established  between  the  chanibers  of  tlie  heart. 
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Acute  difflise  myocarditis  ot'eurs  iuvurious  ft>rmst  of  infec- 
tious fever?^.  It  was  first  recagnizfd  in  typhoid  fe%'er,  but  is  more 
coiiunon  in  diplitlH^ria  and  scarlet  fever,  and  is  met  with  in  acute 
rhenniatism,  pnerpernl  septi^'eniiu,  and  various  (jther  infections. 
It  is  most  likely  that  the  toxins  of  the  infeetions  diseiises  named 
are  the  innnediate  eanses,  iind  not  the  speeific  biieteria  themselves. 
The  prwess  may  be  entirely  diifuse,  but  in  must  eases  the  left 
ventricle  is  m^ire  seriously  involved  than  other  parts»  and  often 
there  are  merely  localized  areas  of  myt^carditis  scattered  about  in 
various  parts  of  tlie  ventricular  wall. 

Pathologic  Anatomy.— ^The  atleeted  iieart-umsele  is  sotl  and 
often  distinctly  tViable.  In  the  earlier  stages  there  may  be  spots 
of  liemorrhaufie  infiltration,  but  as  a  rule  the  color  is  rather  lighter 
than  that  <if  the  normal  organ.  It  may  be  noticeable  tiiat  the 
bundles  of  fibers  easily  separate  from  one  another.  The  cavities  of 
the  heart  are  I'reouently  dilated,  particularly  tht^  left  ventricle. 

Microscopically  the  important  changes  are  dilluse  infiltration  of 
ronntl  cells  iti  tlie  cnnnectivc  tissnc  between  the  niu!?ele-fiberj^  (Fig, 
16tV)j  and  proliferation  of  the  connective  tissue  itself,  with  Ibrma- 


Fig.  MJO.— Acute  niy«KArtHt!!5,  ahuwiii^  ikgcru-niti^^D  of  »hi^  nitiscle-llbeni  and  inaattTe 
rtct'umuiuliuii  of  IcuktHC)  tts- 

tion  of  rounded  or  spindle-shaped  fibroblastic  cells.  There  is  no 
tendency  to  supjinmtion.  Tlie  bktod- vessels  are  usually  somewhat 
distended  with  lihmd.and  there  may  be  distinct  proliferative  thick- 
ening of  tlie  if  walls.  Degenerative  changes  of  the  n  nisei  e- fibers 
themselves  are  rarely,  if  ever,  alisent,  and  it  is  me»st  ]irol)able  that 
the  first  stage  in  the  process  is  a  t(*xic  degeneration  of  the  muscle- 
fibers,  and  tiiat  the  intermuscular  infiltration  and  proliferation  are 
eonseijucnt  upon  the  priinarv  degeneration.  The  fibers  l>eeome 
granidar  and  opaque,  tlie  striations  are  indistinct;  occasionally 
there  may  be  vacuolization,  and  sometimes  the  segmentation  to 
whif4i  so  much  attention  has  been  directed  f»f  late.  Proliferation 
or  swelling  of  the  nuclei  of  the  muscle-fibers  is  frerpicnf,  an<l  the 
hyaline  tninsfbrmation  of  Zenker  is  sometimes  observed. 

Eeaults, — ITndcr  entirely  favorable  conditions  acute,  diffuse^ 
and  nou-snppnrative  uiyticarditis  usually  terminates  in  cr>mplete 
resolution.     It    is,  however,   quite   likely   that    the    proliferative 
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chantj;os  nntpd  in  tlio  intcrmiisoiilMr  crmiitH'tivo  tissue*  oftfn  ail- 
vance  tr>  eomplt'te  orgiioization  aiut  iVtnnatirxi  of  IrK-ulized  areas 
of  snlemsis.  Deatli  frani  dilatiitioii  of  the  cavities  and  cui*diai3 
failure*  itri  not  iiiu'Dnimoix 

Chronic  myocarditis,  or  fibrous  mycK^arditis,  like  the  acmte 
fori II,  may  l)e  dittuge  or  lix^alizeti,  thoiigli  in  this  ciLse  thi^  c-irnirn- 
seribed  form  is  the  more  e4)iiminii. 

Etiology. — It  is  not  unlikely  that  many  eases  are  consequent 
upon  aeiite  diffuse  myocarditis,  as  tias  been  already  suggesteil. 
In  such  eases  tlie  niyoeanlitis  may  l>e  l^xjked  upon  as  a  pri- 
mary atfeetion.  More  eonimonly  the  proee^;s  is  set'oudary»  and  is 
dependent  upon  {iriinary  diseast;  of  the  eoronary  arteries  or  dis- 
turbances of  the  eirculatiun  in  tlie  eoronary  artcTirs.  Jt  is  there- 
fore very  common  to  tind  areas  of  sch'rosis  in  eases  of  atheroma  of 
the  coronary  arteries  or  in  valvular  disease  of  the  heart  in  which 
the  coronary  circulation  has  finally  become  deficient.  Among  the 
remote  antecedent  causes  are  tlie  conditions  which  are  prtjue  to 
occasion  arteriosclerosis,  su<*h  as  rtld  a^e,  alcoliol,  g<^ut,  sypliilis» 
and  the  liki^  The  connection  between  tlu*  arterial  disease  and  the 
resultinix  myoc^ardial  sclerosis  iuis  been  t!ie  sul>jcct  of  i considerable 
dispute.  No  doubtj  in  some  instances,  the  ^'ircumscribed  aretis  of 
fibrous  overgrowth  met  with  in  the  (listribution  uf  branches  of  the 
coronary  artery  represent  tlie  scars  of  Ilea  led  i  n  fan 't  ions.  In  other 
cases,  however,  it  would  seem  more  likely  that  a  slow  degenemtlve 
change  with  gmdua!  overgrowth  of  tlie  eouuective  tissue  octnirs  in 
consequence  of  the  disturbed  circulatif>n  througli  the  damaged 
coronary  vessels,  and  it  has  been  urged  tliat  in  these  instances  the 
fibroid  disease  of  the  heart  is  degenerative,  and  not  in  reality  an 
in  flam  mate  >ry  jirocess  at  ail.  Diifuse  sclerosis  nuiy  be  ass^tciatcJ 
with  hypertn^pliy  in  cases  of  valvular  disease  am!  otiicr  cnudilions 
causing  cardiac  enlargement.  Dcliio  has  suggested  that  fibroid 
degeneration  or  myofii)rosis  is  a  conservative  process  designed  to 
strengthen  a  heart-wall  that  has  become  impaired  l>y  some  de- 
genenitiou  t>r  functional  weakness,  just  as,  aeconling  to  Thoma,  the 
fibiNHis  uodidi's  in  atheroma  serve  t<*  strengthen  |>:H"ts  of  the  arterial 
wall  that  liave  l>ecnme  wcakc^ucd  by  diseas<*  *>f  ihe  musciilaris. 

Localized  mvot*arditis  with  libmid  overgrowth  is  verv  Cfim- 
raonly  met  with  at  tlie  tips  of  the  papillary  muscles  in  associatioQ 
with  chronic  endocarditis  and  disease  of  the  chordie  tendineiH. 

Sujierhcial  myocanlitis  of  a  liliroid  character  mav  be  seen 
beneath  the  pericardium  or  endocardium  which  has  been  thick- 
eue<l  by  chrouic  infiammation. 

Pathologic  Anatomy; — Tiie  eharaeteristic  change  is  the  forma- 
tion of  sclerotic  areas  in  the  luuscle-substance*  These  apjiear 
either  as  nnire  or  less  irregular  spots*  or  as  streaks  or  lines  running 
in  the  direction  of  the  fibers  of  the  heart.  They  are  most  com- 
mon in  the  antcrinr  wall  of  t!ie  left  ventricle,  near  the  apex,  in  the 
septum,  and  at  the  tips  of  the  papillary  mn.scles  ;  hut  the  entire 
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substance  of  the  heart  maybe  involved  and  thickening  of  the  walls 
may  result.  The  impediment  offered  to  tlie  muscle  of  the  heart 
by  the  intermuscidar  scleros^iis  may  lead  ta  true  hypertrophy,  but 
more  enmmonly  there  is  def^enemtiou  of  the  tibei's  in  eousequence 
of  the  pressure  of  tiie  uew-lbrmed  tissue,  and  ye]k)\\'ish  areiif^  of 
fatty  ilegenenitioti  are  frequently  observed. 

Microscopically  the  diseased  areas  are  ibutid  to  consist  of  more 


^o-  no — Edge  of  an  ftren  of  fibrous  myo-ciirditls.  showing  replacement  of  the  fibers  by 
coniJ^cUve  tissue  (Orthj, 

or  less  we]U>rganized  connective  tissue  lying  between  the  muscle- 
fibers  and  pressing  them  iar  apart,  or  taking  the  place  of  atn>phic 
muscle- fibers  (Figs.  170  and  171). 


Fio-  17L— ChTOtttc  myocardttU,  ■howlng-t?xtensive  dejitructfon  of  flbera. 

Sometimes   certain    ]>ortious    show   the   earlier  stages    of   the 
process,  round-cell  infiltration  and  proliferation  of  the  connective 
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tisme  being  the  unportant  features  (FU^.  172).     Ag  a  ruk,  how* 
ever,  the  di.seui^ed  areata  are  luuiid  in  a  completely  organized  con 


Fro,  nz— Kiidomyornrrliris,  sliowint%  a,  UjI^  kvtiitl  tiitloturtliuuii  ;  5,  bnmli  of  mUiele- 
fiber*  with  interatltial  iuHkmtioii  uf  ruuud  celU  aiid  proliftrrAled  connective  tissuo 
(Hm III  well). 


dition.  The  niiiscle-fil>er!>^  themselves  suffer  gmrHilar  and  fatty 
dejifeneration,  and  not  infre<jiieiit!y  distiiiet  vaeiiolization  is  ob- 
served. 

Eeanlts. — In  eases  in  which  a  eoiisidemble  area  of  ehn>nic 
myocarditis  is  developed,  as  is  not  nneonimonly  observed  at  the 
apex  in  eonsefjucnee  of  thrombotie  or  embolic  obst ruction  of  the 
anterior  coronary  artery,  an  aneurysm  of  the  heart  may  result 
from  irradmd  stretching  of  the  tibnHd  area.  In  eases  in  winch  the 
process  is  diffuse  tire  beart-mustde  may  at  first  undergo  hyper- 
trojdiy  in  conseipienee  of  tlie  excessive  labor  imposed  ujion  it,  but 
eventually  degeneration  from  pressure  upon  the  fibers  gains  the 
ascendency,  dilatation  of  the  C4ivities  ensues,  and  general  failure 
of  the  circulation  is  the  terminal  result. 

It  is  not  untisual  to  find  diffuse  arteriosclerosis  and  fibniid 
disease  of  other  orpins  associated  with  el«ronit!  myoearditis.  In 
such  eases  the  antec^edeut  cause  is  tlie  arterial  disease,  whieh  in 
turn  may  Lie  dependent   upon  some  systemic  disortler. 

Pathologic  Physiology, — The  immediate  effect  of  chronic  uivo* 
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caitliii^  or  fibroid  degeneration  of  tlie  lieart  is  a  los!*of  pcjwor.  By 
eooie  it  lias  been  lield  tliat  the  fibrr>i<l  tissue  is  iK'signed  as  a  isup- 
port  fitr  the  heart-niuscle  weakened  Ity  <ither  ciiuses,  ^iiieli  as  de- 
geiienilion  of  the  mui^ele-fibers  theniaetvei's,  just  as  it  has  been 
claimed  that  nodules  of  arterio.selerosis  are  intended  as  supjKirt 
for  areas  of  weakness  *jf  the  museular  layers  of  the  arterisd  walls. 
This  theory  is  not  generally  iii-eepted  ;  but,  on  Hte  other  hand,  it 
is  certain  that  the  presence  of  fibrous  tissue  weakens  the  heart  so 
far  as  its  proper  function  (eontraetility)  is  coneenied.  F(»ra  time, 
Ijvfiertrophy  of  the  musOidar  elements  may  eounterbalanee  the 
functional  weakness  oeeasioned  by  the  fibroid  change,  but  event- 
ually the  ninsele  fails,  and  tliis  fsiilure  is  usually  hastened  by  fatty 
degeneration  and  atrojjhy  of  the  muscle- fibers,  which  in  tiiru  are 
doubtless  oecasiuued  l>y  the  fibroid  change,  especially  that 
invoh*ing  the  walls  of  the  small  nutrient  arteries*  In  the  early 
stiiges,  with  adecpinle  by]iertrophy,  symptoms  may  be  wanting, 
though  a  strong  action  of  the  heart  and  an  increase  in  its  size  may 
be  detected.  Later,  pn^gressivcly  incrensing  weakness  of  the  cir- 
culation  develt>ps,  and  eventually  all  the  signs  of  cardiac  failure, 
just  as  in  atlvaneed  valvular  disease.  Irregularity  nf  the  lieart's 
action  is  much  more  proncjuneetl  than  in  valvular  disease,  and  is 
pirticularly  preeminent  when  the  walls  of  the  auricles  art;  espeeiidly 
involved^  It  lias  been  as(*ribed  to  implication  of  the  intracanl iuc 
meclianism.  No  satisfactary  demonstrations  have,  however,  been 
made,  and  for  the  present  it  can  only  l>e  said  tliat  tlie  irregularity 
of  action  results  fnua  the  disease  of  the  nmscle  anil  the  conse- 
quent  disturl>ancr  of  its  autimiatic  contractility. 

Angitia  Pectoris. — In  many  cases  of  fibroid  heart,  part^xysms 
of  pain  oecun  These  may  be  modemte  in  severity  and  without 
definite  churai'ters,  or  tbey  may  l>e  severe  and  of  a  uniform  kind. 
The  latter  constitute  the  condition  called  angina  jieetoris.  This  is 
esp<X'iallv  nuirk^'d  nud  freqnrnt  in  cases  of  filuoid  heart  associated 
witli  advanced  sclerosis  ol*  tbe  eoronary  arteries.  The  cause  of 
the  paroxysm  is  uncertain.  It  may  be  the  result  of  occlusions  by 
embolism  or  thrombosis  of  l»ranches  of  the  coronary  arteries.  It  is 
certainly  in  many  cases  assfvciated  with  strain  of  tlic  heart-muscle 
in  its  efforts  to  pn>pel  tbe  blood.  Neither  t^f  ibese  explanations 
suffices  iivv  all  cases.  Changers  in  tbe  intnicardiac  gnngfla  and  in 
the  fibers  of  ditlerent  parts  f*f  thi^  cardiac  ncrvons  mechanism 
have  been  described,  l>ut  are  of  uncertain  significance. 

Deterioration  of  the  general  health  associated  with  fibmid 
heart  may  be  the  direct  rc^sult  of  failing  circulation,  but  may  also 
result  from  assoi-iated  wltlesf»read  arteriosclerosis.  The  latter 
mo<le  of  t^peration  is  perhaps  the  more  fi*equent, 

HVPOFLASIA  AND  ATROPMV- 

H3rpoplasia  of  the  heart  is  a  congenital  ctmdition  in  which 
the    heart    is    insufficiently    devehiped    antl    remains    undersized 
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tl>roiighf>ut  Hfi\  This  onHlitioii  is  frpfjiiently  asM>riat*^fl  with 
Jiypoplasia  of  the  imrta  luhJ  other  hirge  vcsseLs,  and  Huiietinies 
with  a  ^iniilar  eoii*litiuii  of  tlie  geiiorativf  organs.  Pernuis  hav- 
ing a  piTHlijspxsition  to  tuliereidasis  an*!  woinen  who  deveh>p 
chlorosis  not  ran4y  present  the  eoiKritifHis  refetTeil  to.  These  in- 
dividuals are  r>t'ten  ot*  delicate  stnietnre,  with  feebh^  or  unstable 
eireulation,  and,  in  the  ease  ot*  niales,  of  eifeniinate  nature  and 
appearanee.  The  heart  is  small  in  size,  and,  as  a  rnle,  uniforndy 
atieeted  in  all  jxirts.  The  epieardinni  may  be  smnewhat  wrinkled, 
and  this  condition,  no  doid^t,  has  often  h^d  to  the  deseription  of 
cases  of  this  sort  as  instances  of  atrophy.  Many  cases  of 
supposed  hypoplasia  are  doubtless  instiinces  of  true  atrophv, 
the  size  of  the  heart  being  strictly  proportioned  to  the  emaciated 
body. 

Atrophy  of  the  heart  is  usually  deseribed  as  oeenrring  in 
two  varieties,  mmple  and  broint  tiivojihjf.  It  is  very  doubtful,  iiow- 
ever,  if  .simple  atrophy  ever  oc^curs.  Mauy  of  tlie  cases  h)  desig- 
nated were  doubtless  hyp^plasire,  and  other  eases  prol>ably  brown 
atrophies. 

Etiology- — Atrophy  of  the  lu^art  usuall}'  occurs  in  [iersons  of 
advanced  age ;  but  is  occasionaily  met  with   in  the  young.     It 

POSH  Its  from  simple  senility,  or  from 
various  caebe(^tic  or  wasting  diseases, 
such  as  tubcix^ulosis,  carcinoma,  audi 
the  like. 

Pathologic  ABatomy. — The  heart 
is  small  in  size,  Hvmetimes  weighing 
but  a  third  or  fourtli  of  its  normal 
weight.  The  capsule,  or  epicardinm, 
is  wrinkled,  ancf  may  l>e  somewhat 
thickened  by  tibrous-tissue  over- 
growth or  l>y  fatty  or  mucoid  change 


Fig.  173.~Alrt>i)hy  t>f  tho  heart, 
»<?en  ft-ora  the  imut  Uwo-tlUrdj 
natural  sisw)  tBramwijtb* 


Fig.  174,— Brow  i> 
Iho  luenrt'iiii 


The  vessels  are  eonspienously  tortnon^  (Fig.  173). 
flabby  and  often  quite  dark  in  color. 


The  muscle  is 
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Miemsropirally  tin*  tihers  are  tbiind  smaller  tlian  normal,  and 
coiitiiin  4^xee?*8  of  piij^nient.  Tlie  latk'r  id  browniwli  or  hlacki  and 
at  first  situated  at  the  poles  of  the  mii8*?le-mu:lei  (Fij^.  1 74)^  Later 
the  whole  fiber  may  be  iinitbnnly  pigmt^uted,  Soinetimes  the  mii8- 
ch> fiber  is  converted  into  a  hollow  sheath,  roiitaining  scatterefl 
pi^inent-gmiiulef^  and  more  ur  k"ss  fraMrnn'ntfd  mielei,  Complete 
destra<jtioii  of  tlie  fiber  may  lead  to  the  apparent  <je<nirrL'nce  of 
piijnieiit  between  the  mu.stde-fibers.  The  pigment  does  not  con- 
tain ircni,  and  seems  to  be  a  derivati%'e  of  the  albuminous  con- 
stituents of  the  fibt'rw. 

Localized  atrophy  of  the  fibers  may  occur  art  mod  areas  of 
disease  of  the  heiirt-musele,  isueh  as  tbei  of  myocan litis,  tubercles, 
gumtmita,  etc*.  The  fibers  present  the  same  appeartmecs  as  those 
just  described. 

Pathologic  Physiology. — Atrophy  of  the  heart-muscle  does  not 
often  oeeasiiin  striking  result^s  or  symptoms,  as  the  process  is  in 
most  cases  eoiumensnrate  with  the  general  emaciation  and  de- 
created  demand,  Oeeasionally  irregular  actirm  of  the  heart  is 
noted,  and  sudden  deatli  has  sometimes  occurred. 

HVPERTROPHY  AND  DILATATION* 

Hypertropliy  and  dilatation  ar*-  usually  associated  and  result  fmm 
the  same  causes,  the  degree  of  hypertrophy  or  of  dilatation  present 
in  a  given  ease  depending  upon  the  suddenness  of  action  ur  the 
intensity  of  the  cause,  ami  upon  the  state  of  tlie  heart  itself,  A 
sudden  strain  may  cause  immediate  dilatation  ;  repeated  strains  of 
less  severity  cause  hypertrophy  in  a  wcU-uonrishcil  heart,  or  in- 
creasing tUlatation  in  one  the  seat  i)f  myocardial  weakness  or 
degt^neration. 

Etiology. — The  influence  of  valvular  diseases  (^,  r.)  of  the  heart 
in  devclopini]c  hyjK'rtnvphy  has  been  suHicientlv  discussed.  Vari- 
ous other  cayscs  may  lead  to  i^vcrwtn'k  or  cardiac  strain,  and  occa- 
sion liypertrophy  or  tlilatation.  We  may  classify  tlie  causes 
in  accordance  with  tlicir  operation  upnii  either  or  upon  both 
ventricles. 

Causes  Acting  on  the  Left  Ventricle. — All  fiirms  of  arterial 
disease,  but  especially  diffuse  arteriosclerosis,  increase  the  work  of 
tlie  left  ventricle  notably,  and  may  cause  marked  changes  in  it, 
Aneurj'sms  of  the  aorta,  however,  have  surprisinw-ly  little  effect, 
Clironic  Bright's  disease,  especially  the  interstitial  form,  is  a  well- 
known  cause.  It  ]>rol>ably  a<"ts  in  several  ways  :  |jartly  l>y  the 
assfM'iatcd  arterial  discnisc,  jjai-tly  by  vascidar  cfuit faction  ilui^  to 
toxic  prochicts,  and  partly  by  the  direc^t  stimulation  of  ciirdiae 
action  liy  the  siimc  causes.  Excessive  exercise  or  laborious  o^x'u- 
patioiis  (mining,  blacksinithing,  etc.)  may  act  upon  the  whole 
heart,  but  especially  upon  the  left  ventricle. 
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Causes  Acting  on  the  Eight  Ventricle.^Pi  ceases  of  the 
lungs  anil  pleuni,  sueli  as  L-mjmyj^eiua,  tibrokl  phthisis,  and  pleural 
gynt'L'hiie,  are  frequent  causes  of  hvpertropliy  and  dilatation  of  the 
right  ventricle. 

Causes  Acting:  on  the  Heart  as  a  Whole.- — Cieneral  func- 
tional <^Vl'rstinlulation  may  eause  uniform  enlargement  of  the 
orgam.  This  may  be  seen  in  eases  of  hyssteria,  exophtlialmie 
goiter,  and  other  disea8f\s  in  whieh  the  overaetion  is  due  to  ntr- 
vons  influenees.  Exee.ssive  eating  and  drinking  afleet  the  left  more 
than  the  right  ventrtelej  but  influence  both  sidrs  to  some  extent* 
Habitual,  excessive  heer-chnnking  is  most  striking  in  its  eflerts, 
and  dtiubtless  acts  thruugfj  the  constantly  recurring  ovenhstention 
oJ'  the  bltHKl-vessels,  as  well  as  through  the  excess  of  nutriment' 
and  direct  stimuhis  conveyed  to  the  organ,  Pericanlial  adhesions 
may  occavsion  continuous  overaetion  of  tx>th  ventricles. 

Any  of  the  causes  named  may  occasion  liypt  rtrf>phy  or  dilata- 
tion, or  luith.  The  tlegrw  of  hypertrophy  is  tlcpcuilent  u|>rni  the 
previous  integrity  f>f  the  heart-muscle,  the  state  *>f  the  general 
health,  and  tlie  manner  of  nction  of  the  cause.  Sudilen  strains 
are  more  likely  to  causi'  dilatation,  and  pure  dilatation  may  result 
if  the  muscle  of  the  heart  is  degenerated.  This  is  illustrateil  by 
cases  of  acute  dUaiaiton  of  the  heart  in  the  course  of  inlectious 
fevers. 

Pathologic  Anatomy. — Four  fiirms  of  enlargement  nf  the  heart 
may  be  distinguislied*  Firsts  the  walls  ari^  thickened,  «ud  the 
cavities  are  smaller  than  nornml  ;  tliis  is  known  as  i-Oftcvntric 
hifpairophy^  but  it  is  likely  that  the  decreased  size  of  the  t^vitiea 
Ls  due  to  post-moi'tem  contractic^n  ;  second,  hy]HTtrophy  of  the 
walls  with  normal  cavities  is  spoken  of  as  ^hnpk  hnprtirophy ; 
thir<l,  hypertrophy  with  cavities  of  increased  size  is  kmiwn  as 
erct  tdrit*  hijpeiintphy,  or  htfprdrophif  iriUi  ddididkm  ;  and,  i'ourth, 
there  may  he  pttrf  ddaUifkm  witluMit  hypertropliy.  In  hypcr- 
tniphy  the  mnscle-substancc  is  darker  thnn  normal  and  is  increased 
in  consistency,  Mieroscopically  the  iihei^  are  increased  in  thick- 
ness^ and  there  is  probably  also  increase  in  the  number  of  the 
fibers.  The  nuclei  ol*  tlu-  muscle  are  swc»llen  and  uudtiply;  myo- 
eardial  degeneration  (fihi-o- tatty)  is  often  assoiMatcd.  \\1ien  dihi- 
tation  is  prt^sent  the  heart-inusele  is  usually  softer,  more  fiabby, 
and  generally  somewhat  lighter  in  color,  due  to  associated  degen- 
eration. 

The  shiqH^  of  the  heart  varies  from  tlie  norma L  When  the 
left  ventricle  is  hypcrtrophied  the  organ  is  increased  in  length 
and  extends  further  to  the  li*ft  than  norneal  (Fig.  175).  When 
the  right  ventricle  is  hypertri>|ihi<'d  the  organ  assumes  a  rounded 
shape  ;  its  apex  is  less  sluirp,  and  the  transverse  measurement  of 
the  organ  is  greatly  increase<L  The  weight  and  size  of  the  heart 
may  increase  enormously,  and  the  term  cor  bovlnum  is  often  highly 
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appropriat4\  Wei^rhts  of  from  500  to  8()0  g,  are  niit  infrequent, 
and  may  \m  greatlv  exceeded.  Stokes?  reeurdtMl  a  ease  in  wliieh 
the  weiglit  was  1980  g. 

Pathologic   Physiology    and    Results.— Hy pert rf»]iliy    is    a    rel- 
ative   prr)cess   wliieh    ,serves    to  efionterbalauee    the   valvular  or 


Fio»  175,— Hypertrophy  of  the  lea  ventdcle. 


other  impediments  to  the  eireulation.  Occasionally  there  may  be 
excessive  hypertrophy,  hut,  us  a  rule,  it  h  merely  .sufficient  to 
maintain  the  eireukition  umler  oniinary  conditions  with  less  re- 
serve [xnver  thau  is  met  with  in  health.  In  eonsequenee  valvular 
lesions  or  arterif^selen>.sis  may  (XTasioii  no  symjitom.s  for  a  long 
time,  provided  the  indivi<lual  leads  a  quiet  life.  Eventual Ivt 
however,  when  intercurrent  diseases  have  determintHl  eanliac 
weakness,  or  wIk  ti  the  impediment  to  the  cireulatiou  has  ^rown 
progressively  to  au  excessive  degree,  drlatatioii  ensues  and  fail- 
ure of  the  ein*tilatiou  is  tlie  eonsequenee.  When  the  letl  ventri* 
cle  is  at  fault  congestion  of  tlje  pulmonary  system  occurs^  and 
edema,  hemorrhage  from  the  lungs,  or  thrrnuhosis  with  infan'tion 
of  the  luugs  may  take  plaee.  When  the  right  ventricle  Ikik 
general  systemic  congestion,  cyan^D^is,  and  dropsy  are  the  cruise* 
quenee. 

Great  hypertrophy,  while  it  residts  from  arterial  disease,  very 
frequently  reacts  ujion  the  arteries  and  increases  existing  arterial 

ldisea.se,  or  o<?casions  arterial  disease  when  it  has  not  previt>uslv 
existed.     This  is  due  to  the  im/tTased  force  with  which  tlie  l>lood 

'  ifl  projeetcnl  \mn\  the  ventricidar  cavity  and  the  increased  dis- 
tention which  the  arteries  suffer  in  eonsequenee. 
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ANEURYSM. 

Aneurysm  of  the  Iioart  h  a  rare  eonilition.  It  is  usually  found 
in  tlie  antenor  wall  u{'  the  left  ventricle,  near  the  ajx'x,  but  may 
affect  any  psirt  of  the  auricles  or  ventricles,     Bometinies  it  is  diffi- 


Fio.  176  —  Aoeurysms  nf  the  k*fl  venlHelt? :  the  sac  through  which  the  probe  W     ^ 

Tira»  ftHuatcd  posteriorly;  tLie  unnfu^Titd  anciirytim  on  tlie  right  was  aiuerior ;  Ihu  he«rt 
is  eomewhal  twisted  out  of  its  us^uiil  shape  to  shmv  both  sacs  in  the  inutntratluu  iSailer). 

cult  to  distin^mi^ih  simple  dilatation  fn>m  aneurysm.  The  u.snal 
cause  of  aneurysm  i^  coronary  ohstruciionj  with  resulting  degen- 
eration of  localiised  areas  nf  the  wall  ui'  the  heart.  First,  there  is 
.^ofteninc;  ( myoma latria),  and  tliis  may  LKjeasion  acute  aneurysmal 
ditatatiou  and  even  ruptnn.*  of  the  heart.  In  other  cases  the 
derri*nenitc(l  area  Ix-eonies  filmjus  and  subsequently  dilates.  Acute 
aneurysm  of  the  heart-wall  may  similarly  occur  in  cases  of  mtiral 
en doca rd i t i s .     R u p t u re  in  s uc h  e  1 » rou ic  ca ses  is  a  ra re  t er m i na t io n. 


WOUNDS  AND  RUPTURE  OF  THE  HEART. 

Non-penetmting  and  even  penetrating  wounds  of  the  hearts 
ivall  are  sometimes  recovered  fmrn,  the  injury  being  rt^paired  by 
gcar-t issue  or  fibrous  myocarditis.  As  a  rule,  penetmting  injuries 
occasion  rapid  death  by  hemorrhage  into  the  jiericanlium.  Spon- 
taneous nipt!ire  of  the  lieart  may  l>e  oeeasionally  the  result  of 
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severe  strain  of  a  normal  heart,  lint,  as  a  rule,  it  occurs  when 
there  is  myocardial  disease.  Myomalacia  cordi:?,  fatty  degenera- 
tion, nialitrnaiit  eodnfanlitis,  aod  abscci^.s  are  the  cyoditions  mobt 
likely  to  owasion  rupture, 

INFECTIOUS  DISEASES. 

Tuberculosis  may  m'cur  in  the  form  4if  acute  miliary  tuber- 
eulosts,  atlWliiig  either  the  endix'ardiuru,  mviieardiuui,  or  peri- 
eardinui  ;  while  caseous  tubercles  iT^^ult  fmiii  cwtensinn  of  tuber- 
cul:ir  adi'uitis  fr«»ui  thr  ante  rior  or  uiiddle  nivdiastinuui. 

Sjrphilis  is  Hire,  I  nit  may  iiceur  in  the  ibnu  of  gumma  or  of 
diffuse  intiltnitirui.  (Jummata  may  lie  irmuediateiy  beueath  the 
pericanhum  or  eudrrardium,  and  after  softening  by  degeneration 
may  rupture  on  the  surfnce, 

Actinotnycosis  may  invc^lve  thi'  lit^art  by  extensinu  I'mm  the 
mecHastiunm  or  by  emliolii«!m.  White  or  gmyiJsli  nxxlulcss  are 
formetl,  and  soljsequently  degi'nemte. 


I  NEW  GROWTHS  AND  PARASITES. 

[  Primary  tumors  of  tlie  heart  are  extremely  nire.     Sarmnut^ 

0jrotna^  iipom/t,  m if. I'oiiiff,  and  mifOittn  iiave  lieen  met  wit lu  and 
usually  occur  in  tfie  tbrui  of  wart-!ike  growths  jirojeeting  into  tlie 
cavities  beneath  the  endocanlium.  Orgauii^ed  pedieulat-ed  thnjmbi 
have  fre<|uently  been  mistaken  for  tumors. 

Secondary  tumors  are  more  conmiou.     Sarcomata  of  the 
merlia>tinuni  may  involve  the  {>erieiu'dium,  ur  even  the  heart-wall, 

^by  direct  extension,  while  secondary  carciiiomata  and  sarcomata 
may  atfei-t  the  myoeanlium  hy  nictastasis.  In  t!u^  latter  inntanoes 
nodular  formations  are  seen  embedded  in  tlic  licart-muscle. 
Parasites. — E^vhinococeus  cysts  are  fK'casionally  seen  beneath 
the  endocardium  or  perieanlium,  ami  may  rupture  into  the  cavities 
of  the  heart,  with  resulting  cuibolisju.  Tlie  cvslieerci  of  Tteiiia 
solium  and  of  Tienia  saginata  have  oceurretl  in  man,  but  are  more 
common  in  animals.  Tlie  larval  Linguatula  Kliinariu  is  a  rare 
parasite  of  the  heart, 
:. 
01 


THE  PERICARDIUM* 


Tiic  pericanlium  is  a  membmnous  sac  enclosing  the  heart  and 
the  rfHjt  of  the  great  blof»d- vessels.  It  is  composed  of  a  fibrous 
outer  layer,  and  is  lined  within  by  tlat  eufhithclial  4'ells.  Normally 
it  contains  from  5  to  50  cc.  of  clear  serruis  liquid . 

Partial  or  complete  absence  of  the  perirardium  is  sometimes 
seen»  es]>ecially  in  eases  of  ectopia  of  the  heart,  Uce^isioually 
divertienhi  are  present  congenitally. 
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CIRCULATORY   DISTURBANCES. 

Hsrpereinia  of  the  i>cricardiiini  may  occur  in  valvular  heart- 
disease  or  in  cases  of  tumor  or  aneurysm  causing  intrathoracic 
pressure. 

Hemorrhages. — Extreme  passive  congestion  M'ith  ecchy- 
motic  hemorrhages  is  found  post-mortem  in  c^ses  of  death  from 
asphyxia.  Small  punctate  hemorrhages  are  also  occasioned  by 
various  infectious  diseases  and  by  certain  poisons,  as  phosphorus. 
They  are  also  seen  in  pernicious  anemia,  scurvy,  purpura,  and 
other  blood  diseases. 

Heinoperlcardium  is  a  term  applied  to  accumulation  of 
blood  in  the  pericardial  sac.  It  may  result  from  rupture  of  the 
heart  or  of  aneurj^sms  of  the  aorta,  pulmonary  arterj',  or  coronarj- 
arteries.  The  serous  effusion  of  inflammatory  conditions  of  the 
pericardium  may  sometimes  contain  considerable  blood  which  has 
escaped  from  the  small  blood-vessels  in  the  inflammatorj'  tissue. 
This  is  more  common  in  inflammatory'  effusions  of  the  pericardium 
than  of  other  serous  membranes,  and  is  i>articularly  tnie  of  tuber- 
culous and  cancerous  cases. 

Hydropericardium,  or  dropsy  of  the  pericardium,  may  occur 
when  passive  congestion  is  continued,  or  as  a  [Kirt  of  a  general 
anasarca.  Occasionally  the  liquid  is  milky  {chylous  hydroperi- 
cardium). 

INFLAMMATION. 

Inflammation  of  the  pericardium,  or  pericarditiSi  is 

the  most  important  pathologic  process  aflecting  this  part  of  the 
body. 

Etiology. — Pericanlial  inflammations  may  be  primary  or  sec- 
ondary. In  the  former  the  irritants  are  (conveyed  to  the  pericar- 
dium through  the  blood,  while  in  the  latter  the  inflammation 
results  from  extension.  Primary  pericarditis  occurs  in  association 
M'ith  various  infectious  diseases,  notably  acute  rheumatism,  scarlet 
fever,  small-pox,  influenza,  and  intense  septic  infections.  It "  is 
also  met  with  in  the  course  of  nephritis,  either  acute  or  chronic. 
Secondary  |>ericarditis  may  result  from  extension  of  inflammation 
j  from  the  pleura,  the  lung,  the  mediastinal  glands,  the  sternum,  the 

\'\  esophagus,  and  stomach,  or  from  the  heart  itself. 

In  many  instances,  even  where  the  ])eri('arditis  has  (X^curred  in 
the  course  of  an  infectious  disease,  micro-organisms  are  not  dis- 
covered in  the  exudate ;  this  may  be  due  to  the  arrest  of  the 
'  micro-organisms  in  the  j)ericardial  tissues ;  staphyloccH^ci,  strepto- 

cocci, pneumococci,  and  tubercle-bacilli  have  all  been  found. 

Pathologic  Anatomy. — Several  varieties  may  be  distinguished, 
though  one  form  may  merge  into  another. 
'  Fibrinous  or  Dry  Perica»rditis. — The  first  change  noted  in 

i 
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pericarditis  is  a  diiltieBS  or  liistf  rles8  condition  of  the  Burface  of 
the  niernbnme.  Stmxewhat  later  distiiiet  ^ranuhitionrt,  or  n  thin 
eoatiiif^  of  fibrio,  appear  ujmjii  the  .surlaee,  uiul  this  nmy  inrrease 
until  the  defMisit  lias  a  notable  tliiekuess.  The  mtwenients  of  the 
heart  may  give  the  latter  a  marked  roughness  i*r  rugosity,  and  the 
term  applied  by  okler  writers,  cor  viUoHum^  is  not  inaj>propriate 


(Fig.  177).  Mirrc>s*'i*])ieally  there  is  sern  a  de[>f^sit  of  gmnidar  or 
tibriliar  fibrin  upon  the  surface,  whilst  the  endothelial  t^ells  are 
loosened  and  partly  degeuenitetl,  ami  the  subeudothelial  tissues 
are  infi United  witii  round  eells.  The  b!no<l- vessels  are  generally 
wiilely  tlihited,  and  punetiiiuMn  heniurrhages  may  be  observed* 

SeroflbrinouB  Pericarditis. — Tlie   perieardial   exudate  mrely 
remains  purely  tibriuous  in  eliaraeter.     Usually  there  is  seen  some 
serous  outpourings  and   the  sac  beeumes  distended  with  more  or 
29 
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lesH  alnimlant  turbiti,  st^rous  liqiikl,  in  wlik'li  fliikes  of  fibrin  are 
suBpendc  cl.  In  such  cases  the  lil»rinuiLs  dcjxi.sit  i.s  gonenilly  .flight. 
Later  the  fluid  may  be  reabstirljetl,  leaving  a  simple  fibrinous 
perienrditis. 

Purulent  pericarditis,  or  pyopericardium,  may  begin  as  a 
fibriiitiU}?  i\v  serofibrinrms  pnx'eKS,  or  tt  may  assume  the  suppura- 
tive tbrm  inmi  the  very  start.  In  these  eases  the  clause  of  the 
periearditis  is  usually  some  intense  geneml  inieetion,  as  in  puer- 
[>enil  pyemia  an<l  septi<'emia,  or  it  may  be  a  hn^al  inlwtion,  as  in 
cases  in  wliieb  au  t'sopbageal  or  gastric  uleeratitm  has  mplurr/d 
into  the  perieardiuni,  or  in  wbieli  a  caseous  tul)ercular  focus  or 
juiruleut  jilcurisy  has  fbroKl  a  similar  discharge.  The  pericardial 
sac  is  tilled  with  more  or  less  |uirulent  or  seropurulent  liquid,  aud 
the  pericarfliuni  its<?lf  is  covertHl  with  fibrinopurnleut  exudate. 
The  superficial  layers  of  the  myocardium  arc  frequently  involved 
by  infianiniatorv  edenia^  myocarditis,  or  fatty  dcgenenition. 

Hemorrhagic  pericarditis  is  nict  with  iu  individuals  of  low 
vitjility  aud  in  persons  sutfe ring  fnuu  scurvy,  purpura^  and  simil 
affections.     Pericarditis  aecouipjiuyiiig  tnberculosis  or  4'aucer  of  1 
the  perieunliuui  is  s|>ecial!y  prone  to  assume  a  hemorrhagic  type. 
Usually  tlie  exudate  is  serous,  but  distinctly  cohirenl  with  bliMxl ; 
sometiini's  it  is  almost  completely  bi'morrhagic. 

Tenniaations  of  Acute  Pericarditis* — Any  of  the  forms  ih"scrib(*d 
luay  persist  for  a  consiilcrahle  Irngtb  of  tiiuc  without  change,  Imt 
usually  certain  alterations  are  noted.  In  the  fibrinons  variety,  or 
in  the  serotibriuous  tririJi,  after  the  liquid  has  l>een  reabsorlied,  the 
visceral  and  the  parietal  pericardium  lie  in  ciMitact  ami  are  aggluti- 
nated  by  the  exudate.  (.Tradually  the  infiainniatiuy  priH'csses 
beiHatb  t lie  fd urinous  exudate  extend  into  the  fibrinruis  coating; 
connective-tissue  hyj>er]dasia  and  new  fornuitiou  of  Id tMx I- vessels 
follow,  and  granulalioii-tissue  imites  the  adjacent  layers  ol'  pericar- 
dium* At  the  stime  time  the  fibrinous  exudate  is  real»scjrbed  and 
subsequently  orgmuzaticui  of  the  granulation  tissues  is  eouipleted. 
Fibrous  adhesions  binding  tlie  Xwu  layers  of  the  pericardium 
together  ensue,  aud  at  times  c<unplete  obliteration  of  tlic  sac  is  tlie 
cousecpu^uee  (Figs,  178  ami  179).  Iu  cases  iu  which  the  inflam- 
matituj  is  sliglit»  iyv  in  which  the  hiyers  are  kept  npurt  by  persist- 
ent -scn>us  exudate,  the  areas  of  intlammatiou  gradual ty  liecom** 
thickened  by  new-fiu^nied  fibi'ous  tissue,  and  there  remain  \%\\m\ 
the  surface  of  tlu*  pericardium  sclerotic'  spots,  oOen  sj>oken  of  as 
*'  milk  spots."  (.)ccasi(mally  j>orfi*)us  of  the  fituinou^  exudate  re- 
main unnbsorbcd,  and  together  with  the  thickened  uMnibmne 
itself  aud  tlie  ailhcsions  suffer  calcareous  infiltration.  The 
heart  may  thus  be  encased  in  calcareous  plates  of*  consi^leralde 
thick  uess. 

Purulent  pericimlitis  may  ternnnatc  by  discharge  of  the  exu- 
date int<j  the  esophagus,  stomach,  pi euni,  or  even  into  the  bronchi. 
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and  by  the  subsequent  adhesion  of  the  two  layers  of  the  sac.  In 
other  cases  gradual  iuspissation  of  the  pus  takes  phice  and  the 
cheesy  residue  may  remain  or  eventually  become  caleareous. 


Vm,  I7B.— Adhesive  perlcArditis,  ahowlnf;  tibrin-<letKJt^it,  with  new  blood-veBselB  extending 

upward  into  H  (Perle|. 

Associated  CoEditions. — While,  on  the  one    hand,  pericarditis 
often  follows  inflammatory  proces^s  in  the  surrounding  part-s^  it> 


Fio.  179 —New  blood-veaseld  and  flbroblugtin  cecils  lii  n  beginning  Jidhetion  of  Uie 

on  the  other  hand,  not  iufrequently  occaBions  disease  of  the  adja- 
<^nt  structures.     In  most  cases  of  severe  acute  pericarditis  there 
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is  some  associated  inflammation  of  the  mediastinal  structures  and 
of  the  pleura  contiguous  to  the  pericardium.  Cases  which  termi- 
nate with  the  formation  of  fibrous  adhesions  within  the  pericardial 
sac  usually  present,  also,  mediastinal  and  pleural  adhesions  with 
the  external  surface  of  the  pericardium  {pericarditis  interna  et 
externa).  Myocarditis  extending  to  a  depth  of  1  or  2  mm.  is  seen 
in  nearly  every  case  of  pericarditis.  In  cases  in  which  considerable 
pericardial  exudate  is  present  the  heart-muscle  is  pressed  upon  and 
impeded  in  function,  so  that  venous  congestions  are  commonly 
observed.  Adhesive  pericarditis  leads  to  hypertrophy  and,  later, 
dilatation  of  the  chambers  of  the  heart. 

INFECTIOUS  DISEASES. 

Tnberculodid  of  the  pericardium  may  result  from  the  exten- 
sion of  pulmonary  or  pleural  tuberculosis,  or  of  tubercular  affec- 
tions of  the  mediastinal  glands.  More  rarely  direct  infection  may 
occur  through  the  medium  of  the  circulation.  Miliary  tubercles 
are  formed  in  the  subserous  and  serous  layers  of  the  membrane, 
while  the  surface  is  covered  with  fibrinous  exudation.  The  attend- 
ant pericarditis  may  be  entirely  fibrinous  and  the  tubercles  may 
be  hidden  from  view  by  a  thick  deposit.  In  other  cases  there  is 
serous  or  hemorrhagic  or  purulent  exudation,  the  latter  especially 
in  cases  in  which  caseous  vomicae  have  ruptured  into  the  pericar- 
dial sac.  Tuberculous  pericarditis  may  terminate  by .  gradual  ab- 
sorption of  the  exudate  and  fibrous  adhesion,  sometimes  with 
calcareous  infiltration.  In  other  cases  the  necrotic  and  destructive 
changes  characteristic  of  tuberculous  processes  elsewhere  gain  the 
ascendency,  and  tlie  disease  proves  fatal  by  the  seriousness  of  the 
cardiac  involvement. 

Syphilis  is  an  extremely  rare  condition.  Certain  indurative 
changes  in  the  pericardium  have,  however,  been  met  with  in  asso- 
ciation with  syj)hilis  of  the  heart. 

Actinomycosis  may  result  from  extension  of  actinomycosis 
of  the  mediastinum  or  of  the  lungs. 

TUMORS  AND  PARASITES. 

Primary  tumors,  such  as  lij>oma  and  fibroma,  arc  extremely 
rare.  Secondary  earc^inoma  and  sarcoma  an*  more  frequent. 
They  result  from  similar  growths  in  neighboring  structures. 
Hydatid  cysts  and  cystieerci  are  occasionally  met  with. 

PNEUMOPERICARDIUM. 

Pneumopericardium  (air  in  the  pericardium)  may  result  from 
perforation  of  the  sac  in  cases  of  fracture  of  the  ribs  or  from  pene- 
tration of  foreign  bodies  through  the  esophagus  into  the  pericar- 
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dium.  It  itlso  ri'suttHi  from  riij>tiire  of  ^strir  or  esophageal  ulcers, 
and  a  oertaiii  anioLiiit  of  giij^eous  aeeuriiulatiuii  eoniplicates  purulent 
pericaniitis  when  the  exutlate  undergoes  decrmijxi^itiou.  The 
association  of  air  and  pus  (^pnemnopijopericardmm)  more  often 
results  fnmi  sccoudarv  purulrut  iuHammation  after  the  develop- 
ment of  pneumopcrieaixlium, 

THE    ARTERIES. 

Anatomic  Considerations*^ — The  arteries  and  veins  consist 
of  tlirce  coats,  railed,  rcrnpeetivelvj  the  iittimfiy  or  iuner  eoat,  the 
inedm^  or  middle  coat,  and  the  tnirmifiliaj  or  external  cout>  The 
intima  consists  of  a  layer  of  endothelial  lining-cells,  below  which 
there  is  a  thick  fibrous  layer  and  then  an  clastic  membrane.  The 
middle  coat  consists  of  smooth  unisele-tiliers,  while  the  outer  coat 
is  comjMJsed  of  the  tibro-elastic  tissue.  iSmall  blood-vessels,  the 
raw  rttmmm^  ramify  through  the  adveulitia  and  media,  but  the 
iutiraa  is  avascular. 

CONGENITAL  DEFECTS, 

Certain  defects  of  distribution  and  of  origin  of  the  larger 
trunks  have  been  referred  it)  in  the  discussion  of  congenital  defects 
of  the  heart.  Very  commonly  there  arc  anomalies  in  the  arrange- 
ment of  the  p^riphend  branches,  but  these  are  of  merely  anatom- 
ical interest. 

Hypoplasia, — A  condition  of  imj>ortance  is  congenital  small- 
ness,  or  hypoplasia.  This  may  affet^t  the  aorta  and  larger  vessels 
together  with  the  heart,  or  it  may  b*  confined  to  the  blood-vessels, 
the  heart  being  normab  Vascular  hypoplasia  has  been  especially 
met  with  iu  cldorotie  girls,  and  also  occurs  in  pers^ms  of  tubcrcu- 
Ions  habit.  Tlie  aorta  is  sometimes  so  small  that  it  barely  admits 
the  little  tingcr,  and  the  walls  are  usually  eorn*spoudi ugly  decreased 
in  thickness*  Decided  elasticity  of  tiic  cfnits  of  the  vessels  may 
be  observed. 

HVPERTROPHY. 

This  occurs  when  a  collateral  circnlation  is  established  in  con- 
sequence  of  obstruction  of  an  artiTy,  Similarly  in  the  new  for- 
mation of  tissue  the  blcMKl- vessels  first  form  in  I  are  delicate  vascu- 
lar channels,  which  su!)sennently  hypertrophy  and  are  converted 
into  Avcll-ilevcloprd  arterioles.  In  this  case  there  is  a  uniform 
overgnjwth  of  c^ach  of  the  crvmponent  parts  of  the  blood-vessel, 
and  not  a  mere  hyix^q>lasia  of  one  or  another  eoat. 

ATROPHY. 

Atrophy  may  occur  in  a  part  wliieh  is  undergoing  general 
atrophy,  ur  in   conseijuence  ot    pressure    and   anemia  of  certain 
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areaf!.  Degenei-ation  of  the  walls  usual! j  takes  place  in  such 
caaeSj  and  the  conditions  are  therefore  more  proi>Grly  considered 
amoog  degenerations. 


DEGENERATIONS, 

Pat±y  Degeneration. — Any  one  of  the  coats  may  be  affected, 
but  tlic  j>nx!C!^s  is  niosl  common  in  the  intinia.  Fatty  degenera- 
tion is  one  (>f  the  important  factors  in  atlieronia ;  more  rarely  it 
occurs  jis  an  independent  affection  of  the  l>hMKl -vessels.  In  the 
latter  case  tlisturbances  of  circulation  and  toxic  agencies  in  the 
blood  are  the  immediate  causes.  Small  white  or  yellowish  spotS^J 
or  stronks  may  be  seen  in  the  ondotheliuni,  and  microscopically 
tlie  endothelial  cells  may  be  found  granular  or  filled  with  oil- 
ibYips.  Id  cases  of  greater  severity  tliere  may  l>e  a<:tual  erosion 
of  the  endothelial  surface.  In  <'ases  in  which  the  media  is  affected 
the  musele-cH^lls  undergo  fatty  degeneration.  Fatty  degeneration 
may  occasion  rupture  of  the  blood-vessels,  or  ciilcareous  infiltra- 
tion may  ensue* 

Calcareous  infiltration  is  the  ecimmcm  termination  of  athe* 
roTuHj  but  sometimes  ealcilieuti*^n  (*f  the  intima  or  media,  or  even 
of  the  entire  wall  of  tlie  vessel,  nuiy  L>e  oliserved  witliout  arterio- 
sclerosis. The  prtK-ess  is  most  common  in  the  intinui  and  media, 
and,  aside  from  the  instances  in  which  it  is  a  part  of  atheroma,  it 
may  occur  in  consequence  uf  circulatory  disturlwuiees,  or  as  the 
result  of  l*one-diseiLse,  witli  destructiun  of  osseous  tissue  and  sur- 
charge wi"^  tlie  bloml  witlv  earthy  salts. 

Hyaline  degeneration  is  a  condition,  the  nature  and  uniform 
character  of  which  remain  in  doubt.  A  form  of  hyaline  degenera- 
tion is  ver}'  common  in  the  iiyperplastie  tissue  of  arteriosclerosis, 
and  is  gcuemlly  the  first  evidence  <jf  beginning  degeneration.  It 
is  met  with  in  small  blood-vessels  which  are  obstructed  by  tbniunbi, 
or  which  arr  suhjeeted  to  destrnetive  pressure  by  inflanmiatory 
new  growths  or  other  causes.  Not  infrequently  it  is  due  to  infec- 
tious fevers  :>r  intoxitjations,  and  in  these  cases  tlie  small  arteries 
and  the  capillaries  are  prone  to  be  affected.  Hyaline  degeneration 
of  the  blood-vessels  is  the  striking  feature  of  certain  eylindromata 
(sec  Fig.  56).  Tlie  artery  may  show  a  unifbrm  or  a  more  ncnlnlar 
glass-like  thickening,  mid  under  tiie  microseojK'  the  subemlothelial 
tissue  or  i\w  adventitia,  or  the  entire  wall  of  the  blnofbvcssel  may 
be  found  converted  into  vitreous  substance,  liupture  of  the 
affected  vessel   is  a  not  infrer|iicnt  result. 

Amyloid  deg'eneratlon  eoumionly  begins  in  the  blood-ves- 
sels of  the  piirts  of  the  body  in  wliieli  this  disease  is  found.  In  the 
kidneys  the  eapithiry  tuf\s  of  the  Malpi^diian  bodies  and  in  the 
spleen  tlie  *"apillaries  within  the  lymphoid  ntKles  ure  first  affected. 
In  these  cases  the  entire  wall  of  the  vessel  is  involved,  and  pre- 
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sents  tlio  cbanicteristic  appearanet's  uf  the  tlij^eiLSLs  Amylokl  disease 
is  sometinies  fiumd  in  tUv  iiitinia  of  tlie  largi-r  b!ot»d- vessels,  occur- 
ring in  small  linear  or  pmietate  areas,  and  scarcely  to  t>e  recog- 
nized  excepting  by  chcniieal  tt*st8. 

INFLAMMATfON, 

Inflammation  of  the  arteries  may  uffeet  the  inner,  the  middle, 
or  the  outer  coat,  and  in  a  strict  anatomical  sense  the  ternih 
endarteritis,  mesarti  iritis,  and  peri -arteritis  are  jnstiiied  ;  but,  as  a 
rule,  all  three  coats  are  mtire  or  less  involved  at  the  same  time, 
and  no  practical  distincticm  can  be  drawn.  There  may  be  acute 
or  chronic  inflammation. 


Acute  Arteritis. 

Acute  arteritis  may  be  of  two  kinds  :  a  suppurative,  or  necrotic, 
form,  and  a  |>rod active  form. 

Acute  suppurative  arteritis  occurs  in  the  arteries  travers- 
ing areas  of  suppumtivc  iuflammatiou,  and  results  from  tlie  exten- 
sion of  the  sup|)urative  process.  It  may  also  occur  in  consefjuenee 
of  the  lodgement  ni'  infrM^ted  cndioli  or  as  a  result  of  infection  id' 
thrombi  within  the  vessels. 

When  tiie  pnN'css  extends  from  witliout,  the  adventitia  and 
then  the  media  are  intiltrat(Ml  with  round  cells,  and  in  cases  of 
some  of  the  larger  vessels  there  may  be  visilvle  prnnts  or  collec- 
tions of  pus.  The  process  may  extend  as  deeply  as  tlie  intima, 
and  may  completely  perforate  the  wall  of  the  vessel,  leading  to 
hemorrhage.  Tin-  intima  itself  is  not  directly  involvcil  by  the 
suppurative  process  froju  the  lack  ot*  iudepcndcjit  blooil-stipply, 
but  tlic  emigrated  leukocytes  may  infiltrate  it,  and  degenerative 
changes  are  common  in  the  endotlieliuuL  Where  the  process 
begins  by  infe<'tiou  within,  as  through  soflened  thromld  or  infections 
eudKdi,  there  is  tirst  neeroti('  or  ih^^gt^xerative  destruction  of  the 
intima,  and  snbsc([uently  infiltration  of  the  media  and  arlventitia 
with  emigrated  round  cells. 

A  fi>rm  of  infectious  arteritis  resendding  malignant  endocarditis 
lias  been  observed  in  nssociation  with  that  condition  in  a  few 
iustanees.  Ulcemted  patclies  are  seen  in  the  intima  of  the  aorta, 
aod  acute  aneurysmal  dilatation  or  even  perff>nition  has  been  met 
with. 

Acute  productive  arteritis  is  most  eraamonly  the  result 
of  tissue-changes  surrounding  the  arteries,  and  is  therefore  con- 
stantly met  with  in  diseases  of  organs  leading  to  overgrowth 
of  connective  tissue.  The  coiidition  is  chnmic  rather  than  acute 
in  such  instances.  Acute  prodncti%^e  arteritis  occurs  as  a  conse- 
quence of  thrombosis  within  tlie  Idood- vessels  when  the  latter  are 
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not  infected.  TIm^  t<^rm  thrmnhr^arteriilH  1ms  Uwn  applied  to  these 
cases.  It  is  l>y  tlirriiriljo-iirteritis  that  wfjimtls  i»f  veissels  art*  elased 
antl  the  limieii  of  the  hhKKl-vesfiels  at  the  point  of  ligation  perma- 
nently oblitcrateth 

The  ehanges  affeet  mainly  the  intima  aiid  the  adventitia,  hoth 
of  whieh  eoati?  are  dens^'ly  infi United  with  round  eeMs,  The 
throndnis,  M'hieh  was  the  original  eiiuse  of  tlie  arteritis^  or  which 
has  resulted  iVoui  the  arteritis,  heeonies  similarly  infiltnited  M'ith 
round  eel  Is,  and  us  the  proeess  advances  is  found  to  he  penetrated 
by  fibroblastie  cells,  whieh  prohaljly  take  origin  fnuu  proliferation 
of  the  V n dot h el i a  1  - 1  i n i iig  ce  1 1 .s  or  in )m  ot her  con n ec t i v e-t i ssu e  ee  1 1  s 
in  the  walls  of  the  vessels.  New  bkic»d- vessels  spring  from  the 
vamt  vamrum  and  penetrate  tlie  tlironibns,  and  a  lesser  luimber  of 
new  vessels  may  enter  the  throiubns  directly  from  I  he  lumen  of 
the  oeehideil  vessel  itself  {see  Fig.  7).  The  prtK-ess  of  organization 
takes  place  as  in  the  serous  surfaces  generally,  and,  as  new  connec- 
tive tissue  is  formed,  the  thrombus  is  grail ually  removed  and  the 
Inmen  of  the  vessel  may  become  completely  *ibliterjited.  Less  ex- 
t^nisive  involvement  of  the  vessel  nuiy  lead  to  the  iVirniation  of 
bands  of  adhesion  passing  fn*m  <»nc  side  oi'the  vessel  to  the  other, 
and  causing  considerable  del'onnity  luitl  distortion.  In  other  eas**s 
tliere  may  be  merely  thickening  of  tlu'  intima  as  a  iinal  result,  tlie 
thrombus  having  been  ^vashed  away  or  al>sorbed,  Tlie  media 
iL^ually  takes  verj^  little  i>art  in  the  process,  being  merely  infil- 
trated with  round  cells,  but  the  entire  wall  of  the  vessel  nuiy 
become  fibroid  in  tlie  terminal  stages  and  the  separate  coats  may 
be  indistinguishable. 

Peri-arteritis  Hodosa. — Under  thi^  name  has  been  desfribed  a  form 
of  prfrtiactive  inJlanuiuition  of  the  advcatitia  leading  to  tlie  formation  of 
fibrous  nodules.  In  some  of  these  easei?  there  is  no  doaht  a  difierent  path* 
olojjy,  fUi  in  the  instances  in  wiiich  the  iiitima  ban  been  found  to  protrude 
in  a  hemiuUH  manner  througli  defects  in  the  media,  but  in  inos^t  cases  the 
diBGiise  is  a  productive  peri-arteritis  <>ee  also  under  Aneurysm), 


Arteriosclerosis. 

Arteriosclerosis,  or  endarteritis  chronica  deformans, 

IS  a  chronic  de^enenitive  and  iiiflammaturv  disease  of  the  arterial 
system.  It  may  be  eoniiiied  to  the  arteries,  or  may  be  more 
extensive,  involving  the  eapillaries^  as  well,  when  ttie  term  atieriO' 
capillar u  JibromH  (Gull  and  8iitton)  is  applieable.  Sometimes  the 
veins  al^o  are  involvetl,  and  for  this  condition  the  name  angio' 
ffderosiif  has  been  pro)K)8e<l. 

Etiolo^.— Arteriosclerosis  is  a  pliyBitdotri**  proeess  of  old  age, 
and  probably  lietjins  as  early  as  mithlle  life  in  mf>st  persims.  The 
earlier  occurrence  of  the  disease  or  the  more  extreme  gmdes  of  its 
severity  are  <lependent  npon  a  variety  of  causes,  among  whieh  cer- 
tain chronic  intoxications,  viz,,  syphilis,  gout,  chronic  alcoholism, 
and  ehroni(*   nephritis,  are   prominent.      An   impirtant    e4iusc   is 
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muRiilar  cxf^rtitm,  ami  it  is  not  um*oiiini(m  to  fiud  niLirkod  in- 
stunces  in  persniis  wlmse  lii'e  or  ocx^tipiition  lias  t^iil/jeeted  tfiL'iii  to 
unusual  luustnihir  strain.  ( 'acheetir  tHinditimis  of  various  kinds 
may  play  a  part,  as  in  cases  uf  rarriuoiua,  tnlverculr^sis,  tyr  inani- 
tion ;  and  scMnrtinR^s  the  ehrouie  arterial  disease  follows  after 
aente  infeetions,  such  as  rheumatism,  searlet  fever,  typhoid  fever, 
and  the  like. 

Patho genesis. ^Not  a  little  difference  of  opinion  has  existed  in 
re<riinl  to  the  manner  in  whieli  the  reeo^jnized  causes  of  arterifH 
selernsi.s  operate.  At  first  it  was  t^enendly  maint^iiued  tliat  the 
inf*rtinus  ami  toxie  ageneies  diret'tly  irritate  the  inner  lining- *d' 
the  hlfKul- vessels  and  pnKluee  inflanitiiatury  thiekeniutj^.  Thig 
view  has,  howx'ver,  been  ([uite  jjjenerally  abandoned,  and  it  now 
seems  estiiljlished  that  degenerative  ehant*;es  anrl  loss  of  ela.stit^ity 
in  the  vessel-wall  are  the  result  of  the  primitive  eauses,  ami  that 
the  hvperplastie  pr^x-esses  in  the  intima  and  other  parts  i>f  the 
arterial   wall  are  tlie  ultimatt*  result. 

In  east^s  of  arteriosi-lerosis  (H^eurring  in  ohl  at!je,  for  example, 
the  first  tlisturbanee  of  the  bhxKl-vessel  eonsists  in  the  loss  of 
elastieity  in  the  nmst*ularis  and  the  overrlilatation  of  the  blood- 
vessels. SeeiUidarily,  in  eonse<juenee  of  tliis  loss  of  elastieity, 
there  is  a  hyper|>lasia  of  the  iulirua,  which  serves  in  some  measure 
to  eontniet  the  luuieu  of  tlie  vessels  aud  tinis  reston*  the  vas(/ular 
channels  to  their  uurinal  r*r>iidition.  In  eases  *)f  purely  pathf>- 
logic  arterioselerosis  siiuilar  fuuetioual  neakm^ss  of  tfu'  museularis 
or  more  pronf*uueed  and  flemniistnilile  dei^euerative  ehauj^es  nmy 
be  the  priuiary  eouditious,  whieh  in  tlie  end  lead  to  art(*rioselerosis. 
In  all  eases  the  direet  etfert  of  elevations  nf  bh lod-pressure  may 

Ijlay  an  impnrtaut  jiart,  ami  in  eases  uf  museular  (overwork  fU'  of 
lypertropfiy  of  the  heart  tht^  increased  vascular  tension  may  be  the 
al l-important  e^anse. 

Pathologic  Anatomy, — Arterioselerosis  may  be  a  diff'nm  process, 
atiectin^  more  or  less  uniformly  a  lartre  ]mrt  of  the  arterial  system, 
or  it  may  l>e  a  rircHJttJ^eriiK'd  nr  uotht/ftr  ec*ndition.  In  the  latter 
instances,  whifli  are  most  eojuinon  in  tht^  aorta  and  lar^e  vessi-ls^ 
there  are  seen  on  tlie  iriruT  lining  of  the  vessel  nodular  elevations, 
varying  from  the  mei^est  jHunts  to  an»as  the  size  of  a  small  coin. 
These  are  raised  a  millimeter  nr  two  abo\'e  the  surface,  and  in 
their  earlier  stages  have  a  translucent  grayish  color;  they  are 
covered  with  smooth,  unalten^d  endothelium.  Later,  degenerative 
changes  ensue  and  the  nodule  heronies  dull  white  or  yellowish  in 
color,  and  linally  ealeitieatiiui  ruay  render  it  extremely  hani  (aihe^ 
i^omafou^  jthdr).  The  focus  nuiy,  on  the  father  hand,  sol'ten  com- 
pletely  by  degeneration  and  may  diseharge  into  the  lumen  of  the 
vessel,  leaving  a  necrotic,  ulcerated  patc-h  {fffhrrf^iit(doiti<  uJcer), 
(.^alcareous  change  may  now  occur,  and  the  surface  nia^'  be  covered 
with  thronil)oti<'  tihrlrrous  deposits.  These  eireumseribed  areas  of 
arteriosclerosis  may  he  few  in  immljer  and  widely  separated.     In 
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such  nises  the  f*|>eriiiigs  into  tlie  t^<»rf>iiiirv  urtericn  ami  thf*  othor 
braiii'ht's  of  ttie  anrtii  arc  tin-  fiivorite  stoats.  In  otliiT  (■ast^s  the 
phiti's  may  hv  so  minierons  and  thickly  Bet  tliat  the  aorta  is  com- 
pletely transformed. 

Diffuse  arttTioselero^i^  is  especially  fre<juent  iti  elderly  per- 
sons, and  is  more  eoininon  in  the  small  vessels  than  in  the  aorta. 
Sometimes  it  is  assix'iated  with  the  ncwlnlar  f(*rni  ;  sometimes 
the  nodnlar  ehange  is  wanting, 

Mivnm'ophally  the  nodnhir  elevations  are  fuund  U\  consist  of 
dense  sel(*rotie  tissue  in  which  deeply  staining  celts  of  elongated 
character  may  be  visible,  the  hyix^rplasia  atlectin^  the  snbendo- 
theliul  part  of  the  intima  in  the  earliest  stageit  (Fig.  180).     Hub* 


r-r^^ 


Fig.  laO,— Trans Yerae  sectloti  of  a  cerehrai  vtsnul.  in  n  ( ase  of  cndartrrxHt  nodom  (Bireii- 

UlrselifeUn. 

Bequently  degeneration  of  tlie  mwlnle  heeumes  manitest.  At  first 
the  intercellnlar  material  assnnic  s  a  hyaline  eliaracter  and  lieeomes 
^dassy  in  appearance.  The  (*ells  themselves  may  sutler  fatty 
<leg(menition  from  pressure.  Later  the  whole  area  uudergf)es 
myxomatcais  or  mnn^  partienhirly  fatty  (h»genenition»  and  lireaks 
down,  forming  a  juiltaeeons  fletritus  in  whieli  lat-drHps  and  eholes- 
terin-plates  are  prominent  (Fig,  181),  Eventually  calcareous 
gnmnles  are  dejMJsited.  In  tlit!nse  arliTioselen»si>  iIm-  ehanges 
resemble  those  met  with  in  tlie  nodnlar  fnnn,  "Jin  re  is  wide- 
s|vread  thiekeningof  the  arterial  eoats  involving  the  suhendothelial 
tissue  at  first  and  later  the  entire  wall.  Secondary  degenerative 
I'hangrs  in  areas  <ir  patches  oerur  in  the  large  arteries^  but  arc  less 
eoiujoon  in  the  small  vessels. 

Fattv  degenenition  an<I  caleitivation  may  also  be  apparent  in 
the  nitHlia,  and  nj<»re  or  less  liyper|jlastie  roinu'ctive-tis.sue  over- 
growth maybe  seen  in  the  adventitia.  In  eases  of  <lirt\ise  arterio- 
selerosis  th^'  media,  as  a  rule,  is  thickened  Ijv  hypertrophy  of  the 
muscle-fibers  as  well  m  by  m^lerosis;  but  in  the  nodnlar  forms  the 
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ineilia  is  usually  distinctly  thinner  tliari  Jiorniiil.  Kuster  piiiited 
out  that  ruuiid-cell  iufiltnition  surrounding  the  .small  hninehcs  (if 
the  iufi<ti  vuHornai  in  ihe  nifdiii  is  the  earliest  ehange  in  .^unu* 
instances.  Ruptures  of  the  elastic  euat  is  doubth^ss  an  iHi|Hjrtaut 
curly  cfinugi^  iu  niuuy  eases,  CViusidemhle  round-eel  I  intihratiun 
uiay  hv  seen  iu  tin*  deejun-  layt^rs  of  the  intinia  and  in  tiu^  media, 
aud  uow  fnrtuatiuu  of  Idootl-vessels  nuiy  he  ijuite  proiiouueed. 
*Sueh  changes,  however,  are  not  Ufeual  and  not  rhunicteristic. 


Fig,  IHl.— AtheromntnuA  dt^geiieraUnti  nf  a  rt^rt'bml  artery  (Kitr*;  niid  SrltriM^rl). 

Eesults.^In  tla*  smaller  hhji  id -vessels,  parti<'idarly  in  those  of 
the  brain,  the  liyperphisli*-  proeess  in  the  intinia  niiiy  proceed  to 
sueh  a  decree  that  the  kunen  of  the  vessi^ls  is  almost  rompletely 
obliterutefl  (emhtrknfm  ohVdenuus),  (\^mp!i>te  ofilitemtion  may 
take  phiee  by  direct  union  of  the  opjuisite  walls  of  the  vessid,  or 
there  may  be  first  throudicvsis,  witli  snl>se([uent  or|r;iniziition  of  tlie 
thrombus.  In  the  aorta  and  in  s(uue  of  its  hirger  branehes  the 
loss  of  elasticity  efMisei|Ucot  njioji  the  finrmation  of  iil»rous  tissue 
ami  suljser[nent  det:;en era t tons  leads  to  ^nuhud  <lihitati(*n  cd*  tfie 
bltKnl-vessel  walls,  either  in  the  form  (►f  ditfuse  ectasia  \^v  of  loc*aI- 
ized  anenrysmal  .saes.  Sometimes  the  degeneration  of"  the  tlis- 
eased  area  (K'easions  spontaneous  rn))tnre  of  the  vessel. 

Portions  of  the  tln^*mb^»tie  tb-posits  u|>on  the  roii^lu'ned  lining 
of  the  vessels,  nr  portions  of  the  decrenenitive  tissue  itself*,  may  be 
disehar^jred  into  tlie  cirenlation,  and  may  be  nirried  to  the  periph- 
eral parts  as  endmli. 

Changes  in  Other  OrgaES.— Diffuse  arterioselerosis  places  an 
impe<liment  upon  the  heart  whieh  lea<ls  to  hyjver trophy  of  its  walk, 
ami  in  [»artiruliir  of  the  walls  of  the  b'ft  ventriele, 

WluMi  tlie  proeess  afreets  t!w  small  blood-ve»ssels  in  the  sub- 
stance of  the  various  or^tins,  degenerative  c  banp;es  d\w  t**  anemia 
and  rt active  bypcrplusia  of  eonneetive  tissue  are  eommon  results. 
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Thus,  in  cases  of  sclerosis  aflTecting  the  cerebral  vessels,  cerebral 
softening  is  commonly  met  with,  while  in  cases  in  which  the 
branches  of  the  coronary  or  of  the  renal  arteries  are  affected,  de- 
generation and  fibroid  changes  are  seen  in  the  heart  and  kidneys. 

INFECTIOUS  DISEASES. 

Syphilis  may  involve  the  blood-vessels  in  a  variety  of  ways. 
No  doubt,  syphilitic  infection  is  a  most  potent  cause  in  the  pro- 
duction of  arteriosclerosis,  but  more  specific  involvement  of  the 
vessels  occurs.  Recent  investigators  have  described  a  special 
type  of  arteriosclerosis  as  syphilitic.  In  this  the  ascending  aorta 
is  often  notably  affected,  the  lesions  presenting  themselves  as  scar- 
like changes  which  cause  marked  depressions  of  the  end  arterial 
surface.  Microscopically  the  media  and  advcntitia  are  much 
more  decidedly  involved  than  in  ordinary  arteriosclerosis.  In 
areas  of  syphilitic  infiltration  and  induration  or  adjoining  gum- 
mata,  the  small  blood-vessels  present  noteworthy  changes.  The 
intima  and  the  adventitia,  but  particularly  the  former,  undergo 
great  hyperplasia,  and  the  lumen  of  the  vessel  may  be  almost 
obliterated.  The  changes  are  first  noted  in  the  intima,  where 
large  numbers  of  ej)ithelioidal  cells  are  formed,  while,  later,  infil- 
tration of  round  cells  is  observed.  The  adventitia  is  similarly, 
but  less  extensively,  affected. 

Tuberculosis. — The  arteries  may  become  involved  in  areas 
of  tuberculosis,  though,  as  a  rule,  they  prove  resistant  for  a  long 
time.  Typical  caseous  degeneration  may  be  seen  in  the  walls 
of  the  blood-vessels,  beginning  in  the  adventitia  and  gradually 
advancing  toward  the  interior.  In  the  lungs  these  changes  are 
not  inlrequently  seen  in  the  walls  of  tuberculous  cavities,  and 
as  a  result  there  may  be  small  aneurysmal  dihitations  at  the 
points  when^  the  wall  of  the  vessel  has  become  eroded  and  weak- 
ened. It  is  from  such  vessels  that  the  severe  hemorrhages  of  the 
late  stages  of  phthisis  take  place.  Sometimes  the  blood-vessels 
of  tlie  tuberculous  area  present  productive  change  leading  to 
great  thickening  of  the  adventitia  and  of  the  intima,  and  there 
may  be  considerable  narrowing  of  the  lumen  of  the  vessel.  This, 
however,  is  less  common  than  the  degenerative  changes  before 
alluded  to. 

ANEURYSM. 

Definition. — By  aneurysm  is  meant  a  more  or  less  localized 
dilatation  of  the  arterial  walls.  The  term  has,  however,  been 
applied  also  to  collections  of  blood  outride  of  an  artery  enclosed 
by  an  adventitious  wall  and  consequent  upon  a  ru]>ture  of  the  ves- 
sel. The  name  false  or  spurious  aneurysm  has  been  specially 
applied  to  such  cases,  while  the  term  true  aneurysm  is  reserved  for 
such  as  conform  to  the  first  definition.  It  is  preferable  to  confine 
the  single  word  aneurysm  to  the  latter. 
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Etiology, — Aneurysms  are  always  due  to  some  weakness  of 
tile  walls  of  the  hi dikI- vessel  aiul  to  the  tlisteiuliiiti;;  foree  of  the 
blood  witliiii.  It  is  therefore  iOM,st  eoiiimon  U^  tiod  tFie  disease  in 
(K^rsijiis  Ih'voiuI  the  a»;e  (»f  ft>rly  or  Kiity-tive  yt^ars,  iirul  |mrtieo- 
lurly  iti  tliose  wlto  Imve  aequirecl  aiterit^st^lerosis.  Anirjiig  tlie 
remote  causes,  therefore,  are  the  eauses  of  arterial  dis+^ase — f*yph- 
ilis,  ^out»  aleohfJism,  lead^jKiiwiiiin^,  and  other  ehronic  iiitoxiea- 
tjyns.  S<imetimes  it  would  seem  that  th(  n^  is  an  heretlitarv  \\*'ak- 
ness  of  the  arterial  (*oat>^,  and  instil nres  of  antnirysm  ix^eurriiig  in 
sticeessive  generations  have  been  rei'fmh'd.  Even  eongenital  anenr- 
ysms  have  [>een  ohserved.  As  eontributinjj^  eauses  maybe  i*anked 
all  conditions  wliich  inerense  tlie  bhwHl-pressure.  Thns  laboriiRii^ 
(K^cupations,  hypertrojdiy  of  the  heart,  and  diseases  which  occasion 
constant  excess  of  bltnid-prt'ssure  ii:ive  rfse  to  arterial  d<'^fciiemtion 
and  also  t<>  dilatation  (»f  the  vessel  in  a  pnrely  meehanieal  way. 
Sudden  aneurysmal  dilatatiiin  of  the  weakened  vessel  may  fternr 
after  severe  straining  i^lurts^  as  m  coughing,  dnriiig  labor,  in  the 
draining  of  obstinate  eonstipation,  etc.  Of  all  the  causes,  syphilis 
is  most  impfirtant. 

More  aente  ilegcnerative  changes  in  the  blood-vessels  may  lead 
tv  aneurysmal  dilatations,  Thns  in  the  rare  instances  of  aente 
aortitis  in  assoeiatiim  with  malig- 
nant endocarditis,  small  aneur- 
ysnuil  dilatatiijus  and  even  ru|)ture 
4)f  the  aorta  may  oeenr.  Embnlism 
plays  a  part  in  a  similar  manner. 
Sometimes  a  ealeareous  end>olus 
from  a  diseased  valve  tA'  the  heart, 
4ir  from  an  atheriJiuatous  [>late  in 
the  aortii,  may  lacerate  the  walls 
of  the  periphend  vesst^l,  leading 
to  the  formation  of  a  rlilatiOinn. 
In  ttther  eases  infeeted  endjoli 
(as  in  malignant  endoearditis  or 
tljromliusis  with  seeontlary  de- 
gen  erat  inn  of  the  elot)  hxlge  in 
the  peri}*fH"ral  vessels  an<l  oeea- 
sion  aente  inflatnmatory  or  ile- 
generative  lesions  of  ihe  walls, 
and  eventnally  aneurysmal  dihi- 
tation,  These  eases  are  analogous 
to  the  aneurysms  of  lower  animals, 
caused  bv  animal  parasites  (Fig. 
182). 

The  artery  most  rommrmly  af- 
fected   is    tlie  atu'ta,  and   in   pnrtieular  the  tli<traeie  portion,     A 
nKijority   of  the  aiu-nnsms    atfeeting    the    thoraeie    part   fif  this 
vessel   aris*^  from  the  ascemling  limb,  and  not  rarely  it   is  one 


Fi(i. 


182.— WoTTn-nneiiryam  of  the  htirao 
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of  the  sitiuses  of  Valsalva  that  first  siifiers  dilatation.  Next 
to  the  aorta  in  point  of  frequency,  the  popliteal,  femoral,  t*arotid^ 
sulx^hiviim,  innominate,  axilhiry,  and  iliar  ves.sels  are  jifleettHL 

An  interesting  fonn,  and  one  of  grent  frequency  and  clinical  signifi- 
cance, is  that  which  atfect^^  th*'  j^miiU  blocMl-vestids  of  the  brain,  particularly 
the  branches  «iipi>lyin|^  the  lentieu- 
lo(*triate  body.  Ihis  iss  the  so-called 
miliary  aneitryn^m^  which  in  commonly 
the  cause  of  cerebral  hi'inurrhajre 
(Fig,  183),  It  i«  simply  a  small 
saccular  aneurysm  due  to  weakening 
of  the  bbnal- vessel  walls  by  sclerosis 
fjr  degeneration. 

hi  some  caj*es  of  the  condllion  de- 
Hcrihed  as  pen-arftriih  nodosa  (see 
pitii^i'  456)  there  has  been  discovere*! 
{I  hernious*  projet'tion  of  the  intima 
through  defects  of  the  media.  These 
have  been  recordecj  as  inatanees  of 
congenital  aneurysm  ;  but  tbii*  t^xpla* 
nation  d(>es  not  sutfiee  for  all  ciises 
(see  Arteritis  I 

In  phtliisical  lungs  there  are  often 
found  somewhat  similar  bernious 
aneurysms,  due  to  eroMion  iif  the  ad- 
ventitia  and  media  by  the  tubercu- 
lous proeeiw  ;  and  it  in  from  ihese  tliat 
the  severe  hemorrliages  of  the  late 
stages  of  phthisis  occur. 
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Fio.  183,— MnUry  am^Mrysni  t»rtlwtiriiJn. 


Fut.  1^1.— r^vliinlru-ul  Hint  some- 
wlim  litKuId  unturvMii  *jf  tliv  ut>* 
ditmJiiMl  iiortu;  nn  ojf  tiiup:  hnsi  heeu 
tnaile  tt>  >Iim\v  One  ijlut  witliiu  (from 
II  H|M/t'irnrii   in   Ihf   Musifiiin  of  the 


Pathologic  Anatomy.— A neurvHnLs  nmy  lie  %\{  three  kiatls: 
(1)  those  in  whieli  there  is  quite  genera  1  dihitation  of  all  of  the  coats 
of  the  vessel,  wliieli  tberetbre  present  th<'niselve,s  in  ihe  form 
of  a  more  or  less  mnfonn  dilatation  {evinilv  aneur\jmn) ;  (li)  those  in 
w!iieh  a  lural  wetikeniuj^  lends  to  tlie  fornuitirm  ttf  a  saeenlar  poneh, 
often  eoruninnieatiiij;  with  the  arterv'  by  a  narrowed  c>riH(*e  {Hmr-nlnr 
^inenrifKin);  and  (*])  those  in  wliirh  a  rupture  of  the  intinia,  and 
tistuiny  of  [jortifins  of  the  media  as  well,  has  led  to  ijifiltniltt»ti  uf 
\iUmd  l>etween  the  tiniies  fif  the  ve.s.S4^1-wall  {(fiHsertiitf/  tttimnfmti). 

1.  Ectatic  AmeuiyBm. — TluTe  is  inm^e  or  less  uniform  dihitation 
in  these  eii&es,  and  there  nuiy  he  distinguished  fitj^ijonnov apimUe^ 
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shaped  aod  ci/Hmlncal  varieties,  acconJing  to  the  i>l»ai»e  assumed 
(Fig.  184).  In  some  iiistanees  the  ve^^iriel  m  rendered  tortuons  Ijy 
the  unequal  involvement  of  ditteront  j:M>rtions,  and  to  this  form  the 
term  rirmnd  aneurf/san  nmy  be  applied.  The  siinie  term^  as  well  as 
the  uauie  anaHfomotie  anetirtfrni,  I8  given  to  certain  eonditions  of 
the  arteries  of  the  sealp  ami  fttlier  jxirtf*  whieh  lead  to  tlie  forma- 
tioQ  of  tortuous  vessels  standing  out  prominently  beneath  the  skin; 
but  these  are  instances  nither  cd'  hy|)ertrophy  of  the  eoats,  with 
inerease  of  length  and  thi<*knr^ss  of  the  walls,  without  id  re-ality  any 
aneiirysma!  diiatati*)n  at  all. 

In  ectatie  aneiirvsms  the  intinia  and  adventitia  are  usually 
thieicened,  and  tliere  are  generally  atheromatous  patches  in  the 
former.  The  media  is  genendly  thinner  than  normal,  and  may  be 
actually  ileheient  in  plaees.  Ectatie  aneurysms  may  show  a  eer- 
tain  amount  of  thrond)osis  in  the  form  of  laminated  clots,  when 
there  are  [)ouehings  or  ine«|nalities  in  the  dilatation  ;  but  veiy 
fret|ueotly  there  is  no  thrrnulxisis. 

2*  Saccular  Aneurysm. — This  is  the  most  important  variety. 
According  to  Thoma  auil  others,  the  first  step  in  the  process  is  the 


Fio.  las.— Saccular  aneurysm  of  the  arch  of  the  aortiip  projecting  forward  and  attached  to 

the  ribs  tZkgkr), 


weakening  or  giving  way  of  the  media^  followed  by  gradual  dila- 
tation of  the  intima  and  adventitia.  There  results  a  saccular 
dilatation  eommnnieating  with  an  artery,  from  whirl »  it  arises  by 
a  more  or  less  narrow  orifice  (Fig.  185).     The  aneur}^8raal  sao 
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grows  Itirgcr  iind  larpT,  and  may  eventually  rupture;  but  even 
tlien  a  secondary  retaining  wall  luay  be  fiiroied  by  eoudensatioo 
and  reactive  hypeqilasia  of  tiie  t^urmuiidiiig  tii>suei5.  The  wall  of 
the  aneurysmal  i^ie  eonsi.sts  of  thickened  adveutitia  and  intinni,  the 
media  beinf^  iisiially  thinned  and  ^if'ten  ccjuipletely  wanting^.  The 
intirna  is  gene ni I ly  covered  witU  atlicroniatons  plates,  and  tlie  cav- 
ity, as  a  rnlcj  contains  more  or  less  abundant  laminated  clots, 
wJiich   tend   to  contract   and    organizcj   or  to    suffer   subsequent 


Fia.  1^.— Sfwculur  ttii-l  jmrtly  ertmic  aiMniryaiu  Of  the  dcBcendiiij?  imn  nf  the  areli  of  the 
aorta  (fruui  a  .^pvnixuvii  in  the  Mhscutn  of  Ihe  Philadeli^hin  (lohpitwl). 


degeneration.     The  aneurysm,  if  small,  may  be  completely  healed 
by  the  orginiizatiuu  uf  tlie  clots  witfiin. 

The  tissnes  surrounding  the  aneurysm  are  pushed  aside  or 
compressed,  and  may  sutler  extensive  necrosis.  In  cases  of 
aneurysm  of  the  thoracic  aorta  the  sternum  and  ribs  may  be 
eroded  J  and  tlie  aneurysm  may  |iruj*-ct  beneath  the  skin  anteriorly 
and  eventuidly  ruptnre  (Fig,  IHHj.  In  otln-r  cases  the  trachea, 
broncliial  tubes,  or  lungs  are  eompres.sed»  k\iu\  ruptnre  takes  place 
through  the  tnichea  or  bronchi  (Fig*  189).  In  still  others  the  sac 
pnjjeeti*  [xistenorly,  ero4les  the  bcnlies  of  the  vertebra?  and  ribs, 
and  may  compress  th(^  spinal   cord  or  may  prnjeet  beneath  the 
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tif^isues  of  the  back,  ilccasionally  tMiniiniini<^ntion  is  establi^hetl 
with  tlie  hirge  venous  trunks,  ptirtk'uliirly  the  deset^ndinti;  vena 
eavii.  Complete  urreBt  or  eure  of  an  aueurysni  may  tiike  phice 
by  orgaiHzation  of  the  oh>ts  (*i>ritaiiie(l,  but  sueh  a  n^siilt  is  nire. 
3.  Dissectrng-aneurysm  is  niust  eoriinioii  in  tlie  aortii*  As  the 
result  uf  tle^enenitivf*  k'sions  or  of  nieehaiiieiil  injury,  rnptnre  of 
the  intiniu  oeeurs,  and  the  bl^Mx!  tiruls  its  way  bL-tween  tlie  eoats 
of  tlie  artery,  otb  n  inirn>\vin<j;"  to  eonsiderable  distauees.  In  a 
cui>e   under  my  obs^'rvatioji  the  walls  t»f  tht*  aurta  were  dissected 


Fro.  187.— Sftcciilttr  aneurysm  ot  tUt^  li^vt  ndijiu  pnn  uf  Uit-  iirch  «f  the  aorta  (from  a 
siiecnmen  in  Oie  Museum  of  the  Pliila<iel|»hiH,  Husipital). 

as  far  as  the  bifureatitinj  where  seeondary  ruptures  had  oeeurred 
iu  the  intinia  (Fig.  100).  Usually  the  clisseetion  takes  plaee  in 
the  media,  whieh  is  thus  separated  into  two  parts.  Siibsequeutly 
the  aJventitiiHis  eanal  may  beeome  lined  with  endothelinm^  and 
in  my  ease  atheroniatous  plates  had   fonned  m   the  latter. 

Associated  Conditions  in  Other  Parts.— Simc*  hypertrophy 
of  the  heart  ujay  ixn-ur  when  an  aneurysrii  is  situated  near  the  root 
of  the  at>rta,  and  partieularly  in   instances  in  whieh  direet  press- 
ure is  brought  to  bear  upon  the  heart*     As  a  rule,  liowever,  the 
30 
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amount  of  hyiiortroj>hy  \a   murli   Ies8  than   might  l>e  expected* 
Pres^^iirt-  upon  th*f  venoua  t'haniiol.s  is  an  early  man ifet^ta lion,  and 


Fia.  IKS— An('iir>f»ni  of  \hv  aortn:  erf>&lnn  <»f  Uie  stemum  mid  ftrfijcctinn  of  the  no 

bunt^Airi  Uic  skill. 

lead?*  to   pasisive    eonge.stion    and   <d'ten   to  dropsy  and   eyanosiss, 
Xeemsis  uf  tlie  parts  whirh  are  directly  eun]preiS8ed  han  aln*ady 


Fw.  Ifli.— The  trachea,  sin  twin  c  p<  rfonHltm  uf  jin  am  iirvMri  of  the  aorta  (from  &  specimen 
in  ihi'  Mussuum  of  the  i'hihitk'l|jlupi  Uosijiiliil). 

been  alludefl  to.  Portions  of  the  clot  within  the  aneurysmal 
cavity  not  mrcly  l>econie  sepamtedj  and  are  carried  as  emboli  to 
the  peripheral  parts  of  the  eirculatiun* 
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Falfia  or  spurious  aneurysms  most  commonly  result  from 
tmiiraatismi  though  womptimes  f^poutaneoua  rupture  of  the  vessel  is 
the  immediate  ciiu.se,  Tlie  blood  mny  ih\d  \{s  way  from  the  rupt- 
ured artery  into  the  sorrouudiog  tif^sues,  foruiing  a  blood-tumor, 
or  kematoma,  which  becomes  em-apsulated  by  condensation  of  the 
gurn)undiug  tisHues  and  by  reactive  overgn>wth  of  connective 
tiBSue*  The  retaining  wall  thus  formed  may  in  some  eases  be 
lined  with  endothelial  cellsj  and  secondary  iuflannuatory  thicken- 
ing or  atheromatous  plate:?  may  form.     \Vhen  an  artery  and  vein 


a 


Fio.  190— Tilfisertlnp-anourysm  of  the  aorU:  the  ftiieiiry*ra  l^^an  nvM  the  Rortid 
valve*  and  cxtcriileHj  i<>  thy  iliac  braiicbefe,  convertiDg  Uic  tu}Tt&  mlo  k  duyble  tube: 
o,  lranitverse»  frjon^ludinal  hcetion. 

are  both  injured,  as  is  sometimes  the  case  in  phlebotomy,  the  blood 
may  enter  the  vein  and  distend  this  markedly.  The  term  aneur^ 
ysTiud  varix  is  applied  to  gnch  cases.  In  other  ini?tanees  the 
arterj'  and  vein  commimicatc  by  an  int-ermediate  sac  formed  by 
the  condensation  of  the  intervening  tissues,  and  for  such  tJie  name 
varicoise  aneurifmit  is  used. 

THE  VEINS. 

Anatomical  Considerations-— The  veins  resemble  the 
arteries,  excepting  that  the  muscular  coat  is  less  well  develoj>ed 
and  that  most  of  the  veins  are  supplied  with  endothelial  rt^lnpli- 
cations  or  folds,  which  act  as  valves  and  prevent  the  backward 
flow  of  the  blood, 


CIRCULATORY  DISTURBANCES. 

Thrombosis  of   the  veins  is  the   most   important  condition* 
This,  however,  is  sufficiently  considered  under  Thrombosis  (p,  57). 
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DEGENERATION'S. 

Fatty  defeneration  »>f  the  iDtinia  and  medb  may  ocear,  ait 
in  the  artHri»r>,  I>ut  it  i.-^  commratively  ran?  and  imimptirtant- 

Caldficatioti  h  met  with  in  veins  which  have  become  dQated 
or  vancOfce,  or  othen*  be  di?ea^ed« 


INFLAMMATION^  OR  PHLEBITtS, 

Acute  phlebitis  is  a  onupanitively  common  aflfc*ction.  It 
may  oc^^ur  a^  tlie  rfSiuli  of  inHaiumation,  parti«'ularly  infeetiou!* 
inflammation,  in  the  neighlx>rhtxKl  t>f  the  vein.  In  i^uch  cases  the 
outer  coat  is  first  involved,  and  the  term  periphlebitis  is  pn^perly 
^plied«  This  condition  is  met  with  in  association  with  infected 
wotmfla  and  phlegmonous  inflammations  of  the  .^nlxnitancoua 
tissues.  The  veins  Jxm^th  the  skin  may  be  distinctly  visible  ; 
blue  streaks  running  in  various  dtnx*tions,  Mien>s<x)pical!y  therol 
is  found  to  l>e  an  invasion  of  the  a*lventitia  with  numd  cells,  and' 
actual  foci  of  suppuration  are  not  uncommon.  The  cellular  infil- 
tration may  extend  to  the  media  and  s<imetimes  to  the  intima,  and 
not  rarely  thrombosis  occurs  within.  The  thrombi  thus  formed 
may  secondarily  become  infectetl,  soften,  and  occasion  septic  embo- 
lism. 

In  another  group  of  cases  phlebitis  begins  from  within,  and  is 
the  consequence  of  primary  thrombosis  of  the  vein  (Figs*  191  an<I 
192).     To  such  the  name  ihronAophkbitis  is  applicable.      The 


Fm.  yJt. — TLl^oIub^•i>lll^•^iti^  Mf  iLe  ferut'Tul  s»jin  i  fr'On  h  .-{H.^rlatta  h\  the  Museum  of  tll6 
HilUdeipiiia  Hi>spiCttii. 

histologic  changes  aix^  similar  in  these  to  those  which  ixcur  in 
thrombo-arteritis,  and  as  tormina!  results  localized  thickening  of 
the  venous  wall  or  irregular  (*i»nt factions  by  tlie  formation  of 
fibrous  adhesions  and  even  comjilete  obliteration  of  the  venoas 
channel  may  restilt.  When  the  thrombus  is  tlius  organi/^  or 
partially  organizr^d  t^lcification  may  eventually  m»cur,  and  in  this 
manner  phkbolifhs^  or  vein-stones,  are  formed. 

Chronic  phlebitis,  or  phlebosclerosis,  eorresiK>iids  to 
chmnie  arteritis  ♦jf  arti  ri use lerosis,  A  ceriain  anumnt  of  chronic 
inflammatory  thickening  of  the  vein  ensues  as  a  eonsequence  of 
thrombophlebitis.      Phlebosclerosis  nuiy  also  be  due  to  overdis- 


DISEASES  OF  THE  CIRCULATORY  SYSTEM, 


469 


k'lition  of  a  vein  resulting  from  thrombosis  f»r  other  forms  of 
obfttniotion,  and  thus  plays  a  »e<^ondar)'  part  in  dilatiition  of  the 
vein:^,  or  pljlehee'ta^ia. 

Fhlebnselerasis  niaVj  however,  trt'eiir  as  a  widespread  attection 
in  association  with  arterioselerosis,  though  nirely  in  equal  degree, 
in  consequenee  of  certain   sy.st-emic  conditions — syphilis,  alcohol, 
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Fio.  IPC.— rhlebitiM  and  penfih]ebai»  of  the  nuitjilifal  vein  af  tht?  new-born  :  puralent 
iiiHtimthiTi  of  ihu  ititliua  aud  adveuUtia;  calctiretmii  partkleH  in  the  media  ( Birch- 
Hi  rschfi^ld). 


gout,  etc.  The  changes  occurring  in  the  vrin  are  much  the  same 
as  those  in  tiie  artery,  but  the  new-furroed  libnms  tissue  in  the 
intima  lei^^  eonimonly  untlei'goes  degenerative  changes  and  cal- 
eificcition  ttinn  in  arterial  sclerosis.  Sections  of  the  affected  veins 
show,  as  a  rule,  absence  of  signs  of  intiainmation  and  of  marked 
degeneration.  Tfic  essential  change  is  a  proliferatiun  of  the  cells 
of  the  intima  ami  uf  the  connective-tissue  of  tlic  media.  The  eon- 
diti<m  resembles  more  u  funrtiouul  hy|)c*rplasia,  the  result  of 
mechanical  forces,  tljau  a  chronii"  inflammation. 

In  cases  of  congenital  syphilis  an  interesting  form  of  thieken- 
ing  of  the  intima,  leading  to  stenosis  or  even  complete  ol>struction, 
has  lK}en  found  in  the  veins  of  the  umbilical  cord,  ami  less  fre- 
^juently  in  tl)f  portal  vein.  Similar  hyix'rplastic  endophlehitis  has 
been  found  in  the  veins  of  the  extremities  in  syphilis  of  adultts. 
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DILATATION  OF  THE  VEINS;   PHLEBECTASIA;   VARICOSITV, 

Etiology. — Dilatiition  of  the  veins  occurs  from  meclianical 
obstruction  to  the  eirculation  or  fmm  weakness  of  their  walls. 
It  presents  itstilf  more  commonly  in  depen<lent  |wrtions  of  the 
body,  and  is  particularly  frequent  in  the  veins  of  the  \eg&,  of 
the  rtH'tumj  of  tlu^  necsk  of  the  hladder,  of  the  siHTniulie  conl, 
of  the  scrotum,  and  of  the  vagina. 

Mechanical  causes  are  most  imiwrtant*  Thus  in  cases  of 
cirrhosis  of  the  liver,  of  obstinate  consti|Mtion,  and  of  pelvic 
tumors,  dilatation  of  the  veins  of  the  rectum,  causing  hemor- 
rhoids, is  frcqueiiL  In  eases  of  al>duniinal  tumors,  rt^peated 
pregnan(*y,  or  otlier  causes  of  obstruction  to  the  venous  return  of 
the  hlood  from  the  lower  extremities,  varicosity  of  the  veins  of 
tlie  lege  is  frequently  observed.  Always,  however,  local  disease 
of  the  veins  themselves  tends  to  make  the  dilatations  more  pro- 
nounced, and  in  addition  systemic  deprt*ssion,  and  particularly 
canliac  weakness^  are  eontril>utin_ir  causes  which  operate  by  aiding 
in  the  stagnation  of  the  IjIckhI,  whicli  otlierwise  might  pass  by  eoU 
lateral  eluinnels  to  its  projM  r  destination. 

Pathologic  Anatomy, ^The  veins  in  phlebeetasia  become 
dilated  and  also  elntigated,  so  that  they  soon  assume  a  tortuous 
chanieter.  Kot  rarely  nuisses  of  niueh-dilated  veins  lie  closely 
aggregated  in  groups  or  clumps  In-neat h  the  surface  of  the  skin  ; 
and  cfimmunications  may  i)e  estal»lished  between  the  adjoining 
pouches  of  dilaUitionj  and  thus  a  eavcrnous  tissue  is  formctl.  The 
walls  of  the  dilated  veins  are  usually  considenibly  thickened 
(j>hlebos<4crosis),  and  even  calcification  may  m-eur  in  the  intima. 

Results. — The  cireuhition  of  the  blood  is  slowed  and  thnau- 
bosis  is  therefore  frequent.  The  thrombi  may  undergo  organiza- 
tion or  calcification,  or  in  other  cases  may  soften  and  occasion 
embolism*  When  varicosities  arc  established  in  the  veins  of  any 
gubmucous  tissue,  eatarrlial  inflammation  of  the  overlying  mucosa 
18  occasioneil  and  genemlly  proves  obstinate.  At  the  same  time  a 
certain  amount  of  hyperplasia  of  the  connective  tissue  between  the 
dilatcMJ  veins  takes  plaee  aud  tliiekening  of  the  mucous  membrane 
results.  When  the  subeutaneous  veins  are  involved  the  ^kin  is 
prone  to  become  thiekencil  and  to  present  cezematous  inflamma- 
tion, while  the  subcutaneous  tissue  may  be  greatly  increased  in 
thickness  and  flensity  (phlebectatie  elephantiasis,  or  pachydermia). 
Not  rarely  ulccmtions  of  tlie  skin  of  the  lower  extremity  ow^e 
their  origin  to  varicosity  of  the  veins,  and  such  uleei's  are  prone 
to  prove  indolent  and  obstinate,  Heniorrliage  may  occur  from 
varic(jsitie?s  of  the  submucous  veins,  particularly  in  case  of  hem- 
orrhoids and  in  the  esophageal  varicosities  of  drunkaixls. 
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TUMORS. 

TunKn^  niroly  Ijegin  in  the  walls  of  the  veins*  though  myoma 
and  sarcoma  have  been  (It'StTibLMj.  More  cnmmouly  the  walls  of 
the  veins  are  secondarily  uivolved  in  eases  ot*  tumors  surrounding 
them, 

INFECTIOUS  DISEASES, 

Ttlberctllosis  not  rarely  attuekn  the  veins,  partieularly  tliose 
of  the  lun^.  Ferforation  of  the  wall  may  take  plaee,  and  miliary 
tuberculosis  is  a  fre(|uent  consec|ueuot\ 

Sypbilis  of  the  veins  lias  already  been  referred  to. 


THE  LYMPHATIC  CHANNELS. 

Aaatomic  Considerations. — ^The  lymphatic  system  begins 
in  the  lymph-s|*aces,  whieli  are  the  spaees  betwi^n  the  tissue- 
elements  in  all  parts  of  tlie  body.  These  lyniph-spaees  unite  to 
form  definite  lymphatie  i-apillnries,  whieh  are  ehannels  having 
walls  einupiised  of  a  single  layer  of  end<>tlielial  eel  Is.  The  lym- 
phatie ea|»iilaries  unite  to  form  larger  vessels,  and  in  these  eon- 
ncetive-tissue  coats  support  tlie  endothelial  lining. 


INFLAMMATION. 

Inflammation  of  the  lymphatic  vessels,  or  l3?mphan- 

gitiS|  is  always  seeimdary  to  intlammatnry  ati'eetions  of  the  parts 
snrroimdin^  tlie  lymphaties,  or  of  tliose  jKnts  from  whieli  the  lym- 
phaties  take  their  origin,  in  eases  t>f  iufeetivc  lesions  of  the  ex- 
tremities red  lines,  indieatingthe  |^M>sitiou  iuid  course  of  the  inflamed 
lymphaties»  may  not  infre(juently  be  seen  beneath  the  skin,  extend- 
ing upward  to  the  nearest  lymphatic  glands.  Histoh^gicafly  the 
first  change  In  sueh  cases  is  swelling  and  oft  times  multiplication 
of  the  endotlielial  cells  of  the  lymphatic  vessel  ;  later»  there  may 
be  aeeimuilation  of  leukoeytcs  within »  arul  tlic  lymphatie  channel 
may  be  uniforndy  filled  witii  pus  or  distcniled  at  tlitferent  |xant«. 
Usually  a  certain  amount  of  perilymphangitis  accompanies  the 
pro<^ess,  and  in  cases  of  violent  septic  iufeeti4jn  the  surrounding 
tissues  may  become  extensively  involved  in  ]>h!cgmonons  inflam- 
mation. Thrombrvsis  may  take  plae(^  within  the  lymphatie  chan- 
nel in  cases  of  moderate  severity,  and  obstrnctiou  ensue.  The  ter- 
mination is  either  in  rcsnlutiou  or  suppunition,  with  more  or  less 
widespread  involvement  of  the  surrounding  tissues.  Resolution 
may  be  only  partial,  t!ie  inflammatory  changes  going  on  to  the 
formation  of  connective  tissue^  whiclx  may  obliterate  the  channels, 
or  the  rest!  tut  inn  c>f  the  wall  of  the  lymphatic  vessel  may  be  im- 
perfect, and  subsequent  dilatation  results. 
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DILATATION  OF  THE  LYMPHATICS.  OR   LYMPHANCOBCTASIA. 

Thi«  eonditioa  mar  be  an  acquired  or  a  coi^eiiital  afiectioo. 

Acqttired  dilatation  of  the  lymphatics  results  from  ob- 
stnietion  to  the  larger  cfaaimeb,  as  in  cases  of  pressure  upon  or 
tfaromboas  of  the  thoracic  docC,  or  of  ohstmction  of  the  hm- 
phatic  channeb  bv  fiUrije.  In  other  cases  h  is  doe  to  inflamma- 
tions sarroonding  the  lymphatics  and  leading  to  weakness  of  their 
walls.  It  is  very  commonlv  observed  in  the  sobcutaneous  lym- 
phatics, and  constitutes  the  endemic  elephantiasis  of  warmer  coun- 
tries. Tlus  condition  is  particularly  common  in  the  lower  extrem- 
ities, scrotum,  and  labia,  but  may  affect  other  parts.  The  skin  is 
greatly  thickened  and  the  sur&ee  often  of  irregularly  lobulated 
character.  On  incision  into  it  there  is  found  an  abundant  einida- 
ti^m  frvim  the  subcutaneous  tissue  of  sei\>us  or  of  milky  liquid. 

Olistructive  dilatation  of  the  intra-abdominal  lymphatics  is  not 
imusual.  Rupture  of  dilated  branches  in  the  genito-urinary  tract 
may  lead  to  chyluria. 

Congenital  lymphansiectasia  may  take  the  form  of  a 
diffuse  condition  affecting  the  lymphatics  more  or  less  r^ularly 
in  certain  parts  of  tlie  body,  or  it  may  appear  in  circumscribed 
areas,  often  in  situations  in  which  the  ordinan'  lymphatic  suf^ly 
is  not  abundant.  The  diffuse  form  occasionally  presents  itself  in 
the  new-lx»m  in  the  form  of  edematous  or  semicystic  swellings  of 
the  subcutaneous  tissue,  resembling  those  of  elephantiasis.  In  the 
same  group  of  cases  belong  the  instances  of  congenital  enlargement 
of  the  tongue  {macroglo^^ia)  and  of  the  lips  ( macrocheiUa),  In  some 
of  these  instances  the  development  of  the  condition  does  not  occur 
until  sr^me  time  after  birth,  though  the  process  is  in  reality  con- 
genital. Localized  h^iphatie  dilatations  constitute  the  form  of 
new  gro\*"th  known  as  lympliangioma    (see  General  PathcJogy). 

INFECTIOUS  DISEASES. 

Tnberctllosis. — The  lymphatics  play  an  important  part  in 
the  dis.semi nation  of  tuberculosis  within  the  organs,  and  they  may 
themselves  be  involved  in  the  disease.  This  is  beautifidly  illus- 
tratf-d  in  cases  of  intestinal  tuberculosis  with  ulceration.  In  such 
cas^-s  x\ut  lymphatic  channels  in  the  serous  coat  may  be  seen  radi- 
ating frrjm  a  |x>int  op|x>site  the  uk^eration  to  wan!  the  mesentery, 
and  small  miliar}'  nodules  are  seen  in  their  course. 

S3rphili8. — The  lymphatics  may  be  involveil  in  s^'philitic  proc- 
esses in  their  vicinity,  but  the  changes  are  not  characteristic. 

TUMORS. 

In  a<lditic>n  to  the  lymphangiomata  referred  to,  the  lymphatic 
vessels  are  the  primary  seat  of  tumors  resulting  fri>ni  multiplica- 
tion of  the  lining  endothelial  cells,  which  are  known  as  endMkdio- 
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mata.  These  tiimops  are  especially  coninioii  in  the  serous  surfaces, 
btit  may  also  be  met  witli  in  tlie  skin  aiid  elsewhere.  The  lym- 
phaties  hear  an  irapurtunt  relation  to  the  metastasis  of  malignant 
tumors,  jiartieularly  of  careinomata.  The  eareinonia-eellg  ent^^r 
the  lymphaties  and  are  earrieil  by  the  ^itream  to  distant  parts  of 
the  body  ;  sometimes  the  lymphatics  near  cureiuomuta  are  found 
densely  packed  with  cancer-cells. 

PARASITES. 

The  adult  of  the  Filaria  liiuierofti  resides  in  the  lymphatic 
vessels,  and  the  embryos  may  be  present  in  large  nam  Lei's  (see 
General  Pathology). 


THE   THOR.\CrC    DUCT. 

Pathologie  processes  involving  tlic  thoracic  duct  resemhie  in 
general  cliaracter  tlH>se  ot"  the  other  lymphatic  vessel s»  but  the  size 
of  the  duet  and  its  anatomieal  relations  make  the  diseasc^s  affect- 
ing it  of  somewhat  greater  significance  than  the  same  diseases  when 
occurring  in  the  smaller  lymphatics. 

Tliroiilbosis  may  oetnir  in  asstM^iation  with  inHammati^m  ftf 
the  durt  or  witliout  such,  and  there  may  be  a  permmient  inclusion 
in  eonser|uence.  Dilatation  of  the  lower  parts  of  the  duct,  as 
well  as  of  the  lymphatic  vessels  of  the  abdomen,  may  ensue^  and 
sometimes  the  reeeptaeidnm  or  other  portions  of  tlve  duet  may 
become  eystie.  Chylous  ascites  may  likewise  residt,  More  com- 
monly ctd lateral  circulation  re-establishes  circulation  and  serious 
conset|Uenees  are  not  observed. 

Dilatation  of  the  thoracic  duct  may  also  result  directly 
from  cardiac  failniv  with  engorgement  of  the  greater  veins.  The 
outflow  of  lym|ih  is  im|i4^ded,  and  in  S4ime  cases  the  Imckward 
pressure  of  the  blood  through  the  superior  cava  may  till  and  dis- 
teml  the  iippi-r  part  of  the  thorarne  duct  with  Idomh 

Inflatnmatioa  oceurs  in  consequence  of  various  inflammatory 
diseases  of  the  al><Iomen  or  of  tiie  j^wi^lvis,  by  the  invasion  of  irri- 
tants through  the  lymph  received  from  the  affected  areas.  There 
may  also  be  direct  extension  of  inflammation  in  cases  of  abdominal 
disease^  or  in  pleurisy  or  tether  intrathtiraeic  atfectious. 

Tuberculosis  affecting  the  abdominal  ptHti<»u  of  the  duet  is 
sometimes  observed  in  eases  of  intestinal  or  mesenteric  tubcreu- 
losis,  and  may  o<"easion  secondary  miliary  tuberculosisj  particu- 
larly tlu'  form  in  which  the  disease  is  subacute  or  chronic  in  its 
eou rse  ( W c ige rt ). 

Tumors. — Primar>^  tumors  (sarcoma,  fibroma)  ar^  fiometimes 
observed,  and  secondary  carcinoma  is  more  commonly  met  with. 
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CHAPTER   IV. 
DISEASES  OF  THE  RESPIRATORY  SYSTEM. 

THE  NASAL  CAVITIES. 

Anatomic  Considerations. — The  mucous  membrane  of  the 
nose  18  unusually  prominent,  especially  over  the  lower  turbi- 
nated bone,  where  it  is  4  mm.  thick.  In  the  lower,  or  respiratory, 
parts  of  the  nose  the  epithelium  is  stratified  ciliated  columnar. 
The  submucosa  is  replete  with  a  venous  network,  giving  it,  par- 
ticularly over  the  inferior  turbinated  bone,  the  appearance  of 
erectile  tissue.  In  the  olfactory  regions  non-ciliated  columnar 
cells,  which  become  attenuated  at  the  inner  end,  line  the  8ur£Eu>e. 
Between  the  filiform  prolongations  M'ithin  lie  round  and  tapering 
olfactory  cells.  Small  tubular  and  racemose  serous  and  mucous 
glands  are  freely  distributed  in  the  mucosa. 

CONGENITAL   ABNORMALITIES. 

Deviations  of  the  septum  and  other  slight  anomalies  are  com- 
mon. Atresia,  absence  of  the  septum  or  other  ])arts,  or  complete 
absence  of  the  nose,  are  rare  defects.  Harelip  and  clefl  palate 
frequently  involve  the  nasal  cavities. 

CIRCULATORY  DISTURBANCES. 

Active  h3rperemia  occurs  in  consequence  of  exposure  to 
great  heat  or  cold,  or  of  ascending  elevations,  and  when  the  heart 
is  overstimulate^l.  Certain  odors  or  finely  divideil  dust-particles 
may  provoke  transic'ut  congestion.  Frequently,  however,  such 
congestion  terminates  in  inflammation. 

Passive  hyperemia  may  be  due  to  cardiac  weakness,  ob- 
structive diseases  of  the  lungs,  and  Iwal  pressure  on  veins. 

Hemorrhage. — In  either  j)a.<sive  or  active  congestion,  and 
in  inflammations  of  the  mucous  membrane  lieniorrhage  {episfaxis) 
may  occur.  BU?e(ling  may  also  result  from  blocnl-iliseases  (hemo- 
philia, pernicious  anemia,  leukemia),  from  disease  of  the  blood- 
vessels (artcTiosclerosis),  or  in  a  paroxysmal  form  from  obscure 
causes.  Epistaxis  is  a  frequent  prodromal  symptom  of  typhoid 
fever ;   less  frequently  it  occurs  in  influenza  aud  other  infections. 

Bdema  of  the  mucous  membrane  may  be  associated  with  in- 
flammation. 

INFLAMMATIONS. 

Acute  nasal  catarrh  (acute  rhinitis ;  coryza)  commonly 
results  from  exposure  to  cold.     Irritant  fumes  may  cause  it ;  oflen 
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it  seems  infect  ions  and  contagious.  It  may  occur  as  an  ass4.iciated 
oondition  iii  various  infections^  as  grip,  typhoid  fever,  measles,  etc. 
The  mucosa  is  at  Urst  intensely  red  nnd  tiry  ;  then  an  irritating 
Berous,  followed  hy  mucous  and  finally  iiineopurnlent,  exudation 
18  diiicharged.  Herpes  or  eczemat^n.s  eruptions  of  the  lip  are 
common*  Considemble  infiamnialory  edema  of  the  mucous  mem- 
brane of  the  nose  and  accessory  cavities  may  m^cur. 

Chronic  rhinitis  t'uUows  repeatt^d  acute  attacks,  especially 
in  scrofulous,  tuberculous,  or  syphilitic  persons.  The  mucosa, 
esp<:'ciallv  over  the  inferior  turbinate<l  lM>ne,  becomes  thickened 
(hypertnj|)lvic  rhinitis)  and  may  remain  so,  or  undergo  atroi>hy 
(rhimtifi  (itrophwa).  In  the  latter  the  exudate  is  scanty  and  ap- 
peal's as  dry,  greenish  crusts,  which  sometimes  oce^isic^n  extensive 
ulcerations  and  beeiuue  horribly  offensive.  To  such  Ciises  the  term 
ozena  is  applienh  Various  forms  of  bacilli  and  miciYxrocci  have 
been  discovered,  the  tuost  frcijuent  being  an  organism  resembling 
the  bacillus  of  FricHlliinder,  l^^tid  discharges  may  also  oc^enr  in 
fiyphilitie  or  tuberculous  diseases  of  the  no«^  (ozoeiia  syphilitica  s. 
tubereulosa), 

INFECTIOUS   DISEASES. 

Diphtheritic  rhinitis  is  usually  secondary  to  pharyngeal 

diphtheria*  Primary  diphtheritic  rhinitis  of  rather  benign  char- 
acter is  occasioually  observed.  No u -sped lie  diphtheritic  rhinitis 
is  a  very  rare  condition. 

Syphilis  iu  tlie  st»eondarv  stage  and  in  congcnitiil  cases  some- 
times oe*;;asions  simple  catarrhal  rhinitis.  Mucous  j>atehes  may 
occur,  or  gummata  springing  from  tlie  mucous  membrane  or  from 
the  periosteum  or  periebundrinm.  The  latter  tend  to  ulcerate  and 
cause  destruction.     The  purulent  discharge  may  be  fetid. 

Tuberculosis  may  occur  as  disseminated  or  aggregated 
tubercles  of  t!ie  uuieous  meudjrane,  or  as  ulcers  and  carious  |)ro- 
cesses.  These  are  all  rare,  but  **  scrofulous  catarrhs  "  of  child rt^n, 
probably  oft^^n  tubeiY'ulous,  are  common.  Jju-pu^  of  the  face  may 
extend  to  the  nose. 

Glanders  cjcciaioaa  intense  piimU'iit  aad  hemorrhagic  rlunitift,  or  nodu- 
lar p^ro w t Ii»  w i t h  II 1  cerat i on .  X od u I es  a nd  u  1  ce rs  in  kpm ,  and  i rrej^u la r 
flweliing  and  induration  of  the  mucoa?^  meiohmne  of  the  nose  and  the 
sdjoininf^  skin  iu  rhinmckronm  are  rare  couditiouti, 

TUMORS. 

The  commonest  form  of  tumors  is  the  poltfp,  which  is  some- 
times distinetly  the  result  of  hypertrophie  rhinitis,  at  other  times 
obscure  in  origin.  Polyps  [iresent  the  ordinary  structure  of  the 
nasal  mucosa,  %vith  a  tendeney  to  cystic  clianjj^e  from  ck' el  us  ion  of 
the  g-lands,  or  to  aihjuomatous  appeaninces  from  prol  i  fe-ration  of 
the  glandular  elements.  Fibroid,  myxouuitouSj  and  sarcomatous 
polyps  also  occur.     In  all  eases  there  is  a  tendeney  to  recurrence 
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adur  rv^nnvaL  A  imre  fcfm  of  ^007  p^^fyp  han^  beat  recentlj 
«tR9rrifaf!fL  ChmMiromaGi^  oisbeommau  suctHiuGi*  and  cpidieliml  or 
i^aMMbaiar  eaacefs  maT  he  fcamL 

PAXASTTES  AXD  RMSEKK  MMMES^ 

Ljwz  ot*  varioiK  iiie$  mar  oe«!ar  in  die  natsal  ehambeis  and  set 
ip  «^i>fi»  indammatonr  Ie<iooi^  Foraacn  bodilft^  maj  become 
inrrifi&ifi  with  Ume-Aite  and  kead  ii>  tik^  fucmadon  of  rUmolUhs, 


THE  L.\R\"NX. 


Aaadoaac  ^^'— ff*^*^^Tl^^^T^*ff^ — ^The  limn^  epitheliam  of  die 

'Mrmn  u»  <itnititi*>il  :8«^i2am«>czs  ^  £ftr  ai^  die  £iL*e  vocal  cords, 
fi^w  diese  and  diioi^iM>ac  die  ventricles  it  gs  soadfied  ciliated 
'•ninninar.  ami  dias  (»otinQes  into  the  tracfaea  and  bronchi,  ex- 
<^dn4r  ov^r  die  true  vocal  oordf^  which  are  covered  with  strad- 
i^  ^iiann'iiid  epithelium.  The  tunica  propria  contains  much 
j'Hlt^v  •^b.^Qc!  dber.  and  the  submucufa  ts  quite  l«x^e.  esoeciallv 
#iv*r  die  haase  of  the  epiglottis  and  the  aryepi^ottic  folns. 

COMSESiTAL  ABNORltAUmESw 

Minric  detet*t.*  in  shape  of  the  coiiEs^ituent  parts  of  the  larrnx 
an^  !U'»t:  rar*-.  f  *»>iur*»iiital  fistube  conuuunicatiog  with  the  exterior, 
anrt  'iflatatirw  of  the  ventricles  similar  to  the  normal  pouching 
fcnnri  in  ^•^^rrdin  monkeys,  are  oi'casionally  met  with.  Atmormal 
JM^nei-  and  •mallness,  the  laner  esp^^ially  in  persons  having 
jK^^riy  dev-Ioped  ?^xual  organs  and  tboee  castrated  eariy  in  life, 
arft  BRftT^  rWjnent  conditions. 

ORCULATORY  DISTX-RBANCESw 

AiKtnia  may  f^^iir  in  general  am^mia,  and  is  sometimes  found 
In  v.r>r^r.>;c.-  awl  ohlonnic  subjects  in  prvHioum^cvl  degrees. 

Actrre  byperemia  follows  exp^Tsur^-.  overuse  of  the  voice, 
»v:     r^MrV.ri  hy  eases,  dust,  and  the  like. 

PtatMire  hjrperemia  occurs  in  heart-diseases,  intrathoracic 
v*n-.rr.  ir.ii  rh^r  «^ndition<  ob<tnictinsr  the  venous  circuladon. 
f.i  ^*  -  ^  <-' r..-*^tion  the  lannx  is  bright  r^'vl :  in  passive  con- 
T^^'.rr.    >.  i-    riark   red    in   color,  and   distendtnl  veins   may  be 

Hemorrhages  are  seen  in  the  miuxv^a  after  death  from 
^^pr.jxiA.  in  '^i*=>  of  purpura  or  other  hemorrhtigic  conditions,  as 
-9*-'/,  a.i  ir.  intf^n-ie  inflammation  of  the  larynx.  Large  hemor- 
rfiS^^M  rrAv  ftrr-ur  in  cases  of  cancer. 

Edema  of  the  epiglottis,  the  aryepiglottic  folds,  and  other 
part*  of  the  larynx  may  be  part  of  a  general  anasarca  in  Bright's 
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disease  or  lieartHliriease,  or  may  result  from  local  pressure  upon 
the  veins.  Tlie  parts  beeome  greatly  swollen,  and  of  an  anemic, 
transkieent  appearance.  Great  stenosis  of  the  larynx  commonly 
results.  GeneralJy  **  edema  of  the  larynx'*  is  inHammalory  in 
nature  (see  below). 


INFLAMMATIONS. 

Acute  catarrhal  laryngitis  results  from  chemical  or 
mechanical  irritation  ;  it  accompanies  whooping-cough,  measles, 
sniall-pox,  tyijhoid  fever,  and  other  infections.  The  mucous 
membrane  is  Ijright  red  and  swollen.  A  scanty  mucous  or  nm(*o- 
purulent  exudate  is  usually  noted.  Tntenst*  laryngitis  is  attended 
with  small  iiouiorrhagic  eechymoscs  or  erosions  ;  tnuj  ulcers  are 
rare.  Follicular  ulcers  are  sometimes  seen,  and  mrely  small 
vesicles  arise  ui>on  the  surface  [herpetic  lat^m/ltis). 

Pathologic  Physiology^ — Acute  laryngitis  may  cause  consider- 
able disturbance  of  breatfjing  by  the  swelling  of  the  mucous  mem- 
brane, ami  in  children  often  leads  to  spasin«Klic  contracticm  of  the 
laryngeal  muscles,  with  jiaroxysuuil  dyspnea  {  ffdav  croup). 

Cfironic  catarrhal  laryngitis  may  folio \v'  the  acute  form,  or 
begin  gradually.  Overuse  of  the  voice  and  exjxisurc  to  cold  or 
irritating  gases  or  dust  are  the  common  causes.  The  nuicous 
mcmfirane  is  usually  thickened  and  somewluit  granular,  or  even 
papillomatous.  There  is  a  tendency  for  the  epitlielium  to  assume 
a  sc|nanious  or  epidermoid  ciuiractcr»  especially  on  the  vocal  cords 
{pachydermia  f(frtpifp^).  In  the  later  stages  atrophic  chsinges 
may  ensue.  Fibrous  thickening  and  stenosis  of  the  larynx  some- 
times result  from  t!ie  ehronie  irritation  of  foreign  bodies,  sueh  as 
intubation  tubes. 

Bdematous  laryngitis  is  generally  known  as  edema  of  the 
larynx.  Nearly  always  it  is  a  true  intlammatory  edema,  due  to 
violent  irritatioiij  general  or  local  infection,  or  severe  local  lesions 
of  a  chronic  nature,  such  as  tuberculous  or  syphilitic  ulceration 
and  perichondritis.  The  IfMiser  submucous  tissues  at  the  base  of 
the  epiglottis  ami  over  the  arycpiglottic  iVjlds  liccome  greatly 
swolh^n,  and  tlie  surface  is  more  or  less  translucent.  Sometimes 
the  edematous  intiltration  is  yellowish,  or  even  f|uite  purulent, 
especially  in  causes  in  which  phlegmonous  suppurations  have  ex- 
tended from  neighboring  parts  (retropharyngtal  abscess;  erysipe- 
las)*    \\'hen  circumscribed  arcaj^  are  aftected  aLsceiiti  results. 

Perichondritis,  inflamnuition  of  the  peritOtondrinm  of  She 
cartilages  of  the  larynx,  is  usually  secondary  to  serious  laryngeal 
diseases,  as  syphilitic  or  tulierculous  ulcers,  (*aninoma,  etc.  It 
may  be  primary  in  typhoid  fever  or  other  intt^ctions.  Frequently 
suppuration  and  necrosis  of  the  cartilage  result ;  but  merely  local- 
ized induration  and  swelling  may  occur. 
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Xr^pra  and  glanders  sometimeR  ot'cur  in  the  form  of  nodular 
swellings  and  ulcers. 

Swelling  antl  nlcemtion  of  the  lymphatic  tbllicles  analagtuis  to 
the  lesians  in  the  intestines  may  ocTor  in  bfphmd  ferer ;  and  in 
mnuU-pox  tliere  may  be  small  areas  of  infiltration  and  epitlielial 
degenemtion,  or  even  p.seudomerabranes. 

TUMORS, 

Papilloma* — Over  half  of  all  tumors  of  the  larynx  belong  to 
the  i^roup  of  pftpiihmafa  or  prfpt/ifjinahths  fihromnftt.  These  are 
simply  hypertriiphied  pa  pi  I  he  eovered  with  a  thiek  mantle  of 
squamous  epithelium  (Fig.  194),  Tlie 
stroma  may  be  insigniheant  and  iIh 
epithelium  eonsidenible  (hard  papilloma)^ 
or  the  stronui  may  be  excessive,  highly 
vascular,  and  iiiHhrat(  d  with  round  t^^lls, 
while  the  e|>ithrliid  eoveriug  is  thin  (mft 
paplHoma).  I'apilloinata  are  nwst  trr4jiieut 
on  the  false  vocal  tHU'ds  or  on  the  other 
parts  of  the  larynx  lined  with  squamous 
epitlieHum.  Tliey  usually  ocr  ur  in  niiin- 
bcrs,  hut  may  be  s<jlitary.  <_'hrnuie  in- 
flammation otleu  determines  their  oceur- 
rencc  ;  anil  they  are  nr*t  infrequent  around 
ehnuiic  ulcci-s  or  eurciuoma  of  tlic  larynx. 
Simple  hyperplasia  of  mucous  merabnmc, 
of  normal  strnetun^,  occurs  in  varirjus 
ehr<uiic  inflammatory  conditions  of  the 
larynx. 

Fibroma* — Nmlnlar,  sessih^,  or  poly* 
poid  libromata  constitute  one-third  of  all 
tumors.     They  are  mast  frequent  on  the  vocal  e*)rds  and  in  the 
upper  part  of  the  larynx. 

Cystic  dilatatitjn  of  the  glands  may  occasion  mucou^i  jmh/pn. 
Adenoma,  lipoma,  myxoma,  siu'coma,  aiul  chondroma  arc  rare 
tumors*  Tumor-like  massc^s  uf  heterotopic  tliyroid-gland  tissue 
have  lieen  fmiud  in  the  larynx. 

Carcinoma  nuiy  be  prinuiry,  or  less  frciinently  secondary. 
Prinuiry  ear^nnoma  is  usually  uf  the  squamous  variety  and  occurs 
about  the  vocal  eonls.  Nodular  thiekening  witli  ulceration  results. 
Papillomatous  thickening  of  the  mucous  membmne  frequently  sur- 
munds  the  growth.  Secondary  involvement  of  the  cervical  glandij 
and  esophagus  may  occur. 

Of  1100  tumors  of  the  larynx^  collected  by  Bruns,  602  were  papillo- 
ma ta,  346  fibroniata,  73  mucous  polyf)s>  and  27  cysts.  Seventy -six  per  cent, 
occupied  the  true  cords,  or  the  anterior  comniis^sure  of  the  cords.  Mackenzie 
found  67  per  cent,  papjilomata  and  Iti  per  cent,  fibromata. 


Flf^,  ILU.— PftnlUntnflt^  of 
the  vricai  vonU  (from  a  i^jpicci* 
tiwn  \n  tlie  Mui^eupi  of  the 
Philadelphia  Hospital), 
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PARASITES  AND  FOREIGN  BOIMES. 

The  larval  Trichinella  ftpircdU  mav  infest  the  laryngeal  muscles ; 
and  lumbricoidi  occasionallv  enter  from  the  phaiynx.  EchinO' 
coccwi  cysts  are  ven-  rare. 

Large  foreign  bodies  may  cause  death  by  suffocation.  Smaller 
bodies  may  rest  in  the  larynx,  especially  the  ventricles,  for  vears, 
becoming  surrounded  by  hyperplastic  mucous  membrane  or  a  cap- 
sule of  fibrous  tissue.  Calcareous  concretions  may  form  around 
small  foreign  bodies,  or  spontaneously  in  the  ventricles. 


THE  TRACHEA. 
MALFORMATIONS. 

Congenital  Kalformations. — Complete  absence  of  the 
trachea  occurs  in  acephalic  monsters.  Congenital  decrease  in 
length  or  diameter,  in  the  number  or  completeness  of  the  carti- 
lag^y  and  like  minor  deformities,  are  more  common.  An  adven- 
tirioos  bronchus  is  occasionally  seen,  especially  on  the  right  side, 
and  fistulous  communications  with  the  exterior  or  with  the  esopha- 
ga*  are  rare  congenital  defects.  Diverticula  may  be  due  to  a 
nidimentan'  cf»ndition  of  a  sui)emimierar}-  l>n>nehus.  Congenital 
cysts  may  occur  bemeen  the  trachea  and  esophagus  when  fistulous 
communications  between  them  l>econie  eloseil  at  either  end. 

Acquired  Malformations.— Dilatations  of  the  trachea  may 
be  fliffuse  or  Uicalized.  They  dcj^end  for  their  occurrence  upon 
w^aknf-ss  of  the  walls  and  some  inijxiliment  to  expiration.  Sac- 
cular dilatations  are  usually  on  tlie  jK>storior  wall.  Narrowing  of 
the  him^-n  may  be  due  to  pn^<un»  of  tumors  or  aneurk'sms ;  to 
new  ^.v.-ths  or  ci<?atririal  contractions  (osjHvially  s\7)hilitic)  or 
tM  f«ji>ri^  l»*.Ji«:'>  within. 

CIRCULATORY  DISTURBANCES. 

Anemia  anil  active  and  jwssive  conir**>tion  result  from  the  same 
caa-s^rs  as  in  the  larynx  ;  aud  the  jxitlK»loirie  anatomy  is  the  same. 

INFLAMMATIONS. 

Inflammations  are  usually  associatiil  with  larjngitis  or  bron- 
chitis, an«l  ar»-  •!»♦:•  tt>  the  ^ame  causes.  Simple  i^itarrhal  and  pseudo- 
ra*rmbnin«.»ii-  inflamraatiims  are  met  with.  Foreign  bodies  may 
caur*^  ext»^n-ivt-  and  d*.-vp  intlammation,  leadinsr  to  ulceration  and 
s*>m*rtirnv-  p-rfiration.  Chronic  inflammation  assumes  a  prolifera- 
tive, aii'l  Iat».r  an  atr«»phio,  rharacti-r.  Pn.literative  (polypoid) 
inflammati'-n  i-  n-^t  infrefjUi-nt  after  traeluoiomv,  and  may  occa- 
sion s^ri'iur  «»l»-tniction.  Ozena  of  the  trachea  may  be  associated 
with  nasal  ozena. 
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INFECTIOUS  DISEASES. 

Ihiberciilosis  and  syphilis  occur  under  the  same  circum- 
etances  as  in  tlie  larynx.  8y f>hi lis  may,  however,  affect  the 
trachea  and  bronchi  independent  of  disease  of  the  pharynx  or 
larynx. 

TUMORS. 

Primary  tumors  are  mre.  Sc^condary  involvement  by  cancer^ 
extending  from  the  esophagus  or  thyroid  fj^liind^  or  by  siarcortiiiy 
from  the  surrounding  lymphatic  Htructurcs  or  thyiuus  gland,  m 
more  frequent.  EcchoudmseK  and  osteouiata  may  spring  from  the 
cartilages,  and  multiple  chondroniata  have  liecu  found  io  the  mu- 
cous membniue.  Retcntion-cyatti  of  the  mucous  glands  are  occa- 
!=^ionally  seen  on  the  posterior  wall,  protruding  outside  the  trachea* 

THE   BRONCHL 

Anatomic  Considerations.^ — The  larger  bronchi  corre- 
spond very  closely  to  the  trachea  in  Btructure.  The  smaller 
divisions  have  thinner  walls,  Imng  less  provided  with  cartilagi- 
nous rings,  but  having  instea<l  small  cartilage-plates  and  greater 
abundance  of  muscle -fibers.  The  tubes  having  a  diameter  less  than 
1  mm.  arc  called  the  termmal  bronchi ole.%  and  lead  into  yet  smaller 
tubes,  the  alreoiar  pfmmgejif  whieh  open  into  dilated  ijifuRdibukiy 
and  the  last  named  art*  finall)'  surrounded  by  air-Hm^Ji.  Tlie  Uning 
epithelium  is  stmtified  columnar  ciliated  down  to  the  terminal 
bronchioles,  where  it  bwomes  simple  columnar.  In  the  alveolar 
passages  there  is  first  polyg<_>na!,  then  flat,  (Epithelium  ;  while  in  the 

Linfundibula  and  air-sacs  there  are  pmcticiilly  only  flat  epitheli^ 
cells* 
CONOENITAL  MALFORMATIONS. 
: 


These  are  rare  and  unimportant.     Dilatations  or  narrowing  and 
anomalous  division  of  the  tubes  have  been  noted  (see  Trachea). 


CIRCULATORY   DISTURBANCES. 

Anemia  and  hyperemia  occur  under  the  same  circumstances 

in  the  trachea  and  larynx. 

Hemorrhage.— Intense  ccmgestion  may  occasion  hemorrhages 
into  the  mucous  membrane  or  into  the  bronchi  themselves.  More 
frequently  hemorrhage  is  due  to  catarrhal  inflammation,  tuberculous 
ulceration,  or  a  general  hemorrhagic  tendency.  Aneurysms  of  the 
aorta  (see  Fig.  188)  ami  the  small  aneurysms  of  the  pulmonary 
artepoles  in  tuberculosis  of  the  lungs  not  infrequently  rupture 
through  the  bronchi. 

INFLAMMATIONS, 

Both  acute  and  chronic  bronchitis  are  common  conditions,  and 

there  are  a  variety  of  forms. 
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'ok  rlrr<alrtli^i^*.  .%Jii*')Cie  tiiK;^^  «re  the  pj^i^ieiue  BuenKOCCU  the 
4ipir'jeo«!f>Tifi»  ot  Frinkt^  dur  fa«ciIIll^  «>f  FrwdlaLnditr.  and  htterlr 
dn^  houn'ArLs-  indcKfLEat,  the  BaHIli  coIL  with  boiit  otfaeiSw  The 
my^Diift  mf^mrrfazie  pret-ents  an  intieii&ely  r^  coior;  at  fii!st  it 
k  *irr^  bnt  lafi*^  a  mncoo?  or  mocofwruliriit  exudate  k  Ibrmed 


Py,-  :y\— AcTit*  bnnc&Ul  catarrh  T^oraa\ 

^Fi^.  H:fo  .  The  exwlation  may  be  excessive  in  quantity,  in  which 
*izi^  rhe  r-»rndition  L-  called  bronchorrhea.  Thi>  may  be  serous  or 
(j^irjlenr.  aiyl  is  roraetimes  very  offensive  in  txlor  {  fWirf  branchitU). 
SiUrf^:f>y.<:sx]W  the  bronchial  raucous  membrane  is  infiltrated  with 
r/^ifj'l  r-ell-.  e^ji^<:ially  in  the  purulent  teases  ;  the  epithelial  cells  are 
de^'-neratefi,  many  being  converted  into  goblet^cells ;  and  the 
tfi^yr-'ir  cfian^l-  are  distended  with  mucus.  The  mucosa  of  the 
brrf.^hi  '.r  <:f}\(:f(A  with  mucopurulent  material  tH^ntaining  degen- 
erav.-^i  ^  :/'h»  linl  cells  and  detritus.  The  intlammatorA-  conditions 
TfiH'/  '  xt^  ri«i  •^fjtwanl  a-  tar  as  the  peribronchial  tissue,  and  occa- 
*ioriaiiy  rhenr  i.-^  -<mie  perichondritis. 

Pathologic  Physiology. — Bn^nchitis  may  occasion  no  ftther 
di-turf/ance  than  cough.  In  many  case<,  however,  the  infection 
ffiay  r:auw;  lever  and  general  depression.  Substernal  soreness  or 
pain  \*  nor  infre<|uent,  while  generalized  thoracic  [>ain  may  result 
from  the  violent  coughing.  Dyspnea  is  rare  excepting  in  chil- 
dren and  old  p€;r^>ns,  in  whom  airdiac  weakne^^  and  spasmodic 
contractions  of  the  bronchi  seem  to  be  operative. 
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Chronic  catarrhal  bronchitis  occurs  after  repeated  attacks 
of  the  acute  f<>nn,  and  esix^eially  in  old  perif>on8  or  in  those  who 
huve  .some  cardiac  %\eaknes8  which  tends  to  cause  congehtion  of 
the  bronchi.  Chronic  bronchitis  is  fref|ncDtly  asRociatctl  with 
chronic  diseases  of  the  hin^a. 
In  chronic  cases  the  mucous 
memhmne  nnvy  undergo  con- 
Bidemble  alteration.  Fre- 
quently the  ciliated  cells  dis- 
appear entirely  and  are  re- 
placeil  liy  colnninar  or  iH*]yg- 
onal  epithelium  ;  and  ny|)CT- 
trophic  conditions  of  the 
mucons  membnme  are  some- 
times present.  More  fi"e- 
queutly  the  bronclms  is  uni- 
torn dy  thickened  by  cellnlar 
infiltration  and  overgrow tli 
of  fibrous  tissue. 

Fibrinotis  bronchitis 
occurs  under  a  variety  oi* 
contlitions.  It  is  most  fre- 
((uont  in  asstx^iation  with 
laryngeal  and  tracheal  diph- 
theria, but  may  also  be  due 
to  inhalation  of  jxiwerfnl  irritantis. 


n  (Vleriii"t]t.K 


flbrinuUH  btom:hitiii 


Crouix>us  inflammatinti  of  the 


Fig.    11*,— Split iim    from    u    i-ase    ol 

tttl  n  i  n^  eois  1  no ph i  le  gran  u  t  L-s ;  free  lios i  n o« 
phllc  ih'i^^^'i^Jlt'^-  *^n.cl  inkToeoeei;  KtAJned 
with  coflin  mid  meChyk^iic-blue  (Jakob). 


finer  bnmehi  <x*eurs  in  both  cn)U|x>nH  and  C4itarrhal  pneunmnia. 
Finally,  there  is  a  form  of  chrtmicor  essential  fibrinous  bronchitis, 
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charaeterized  by  perimlical  attacks,  iti  which  fibrinous  exists  of  the 
bronchi  are  fonncd  and  discharged  (Fig,  196)*  In  all  forms  of 
fibrinous  bronchi tis  there  are  often  found  in  the  sputa,  on  micro- 
scopic examination,  fine  spirals  wound  about  a  central  fil>er 
(Vursehmann^^  splrak) ,'  ami  within  theye  or  assoc^iated  with  them 
the  small  octahedral  crvstals  <le8cribed  by  Charcot  and  Leydeti 
(Fig.  197). 

BroncMolitifl  Exudativa. — This  term  was  given  by  Cur&chmflnB  to  the 
conditioQ  of  the  terniiDal  bronehiolesi  be  aafiumed  to  be  present  in  cades  of 
fLgthmii.  The  8puta  contain  the  spirals  that  bear  his  name,  and  Chart!Ot* 
Leyden  crystals.  The  wputa  m  these  eases  are  further  characterized  by  the 
abuTidanee  of  eiMiinophife  cells  (Figs,  li\l  and  198)* 

IHcers  of  the  bronchi  are  mel  with  in  severe  catarrhal  inflammations, 
but  more  frequently  are  tubercnloui*,  siyj>hilitic,  or  due  to  extension  of  ul- 
cerative firoce-^es  from  neighboring  parts.  It  ia  not  unusual  to  find  ulcera- 
tion in  the  main  bronchus  opposite  the  point  of  pressure  of  an  aneurysm. 

PeribroncMtis  may  occur  from  direct  extents  ion  of  infliimmation  from 
within,  or  it  may  be  due  to  extension  along  the  lymphatic  channels  from 
tlie  pleura  or  interlobular  septa  of  the  lung.  It  is  found  most  frequently 
aa  a  part  of  pulmonary  tuberculosis,  and  may  be  fibrous,  caseous,  or  purulent. 

STENOSIS  AND  OBSTRUCTION  OF  THE  BRONCHI, 

The  smaller  bron^'hial  tubx^s  may  l)e  eonsidenibly  occluded  Ijy 
catarrhal  swelling  of  the  nmcosii  and  ace^umulatiou  of  exudate 
within.  CliniL-ally  this  is  often  m  marked  in  bronchitis  aflbcting 
the  terminal  !)roncbirdes  as  to  have  snggc*st4'd  the  name  suflWative 
catarrh.  (This  capillary  bronchitis  is  alwavs  merely  a  part  of 
broni^iopneuninnia,  and  will  be  eonsidereJ  under  that  head.) 
More  serif  HIS  obstructions  of  the  bninrhi  occur  when  old  ulcers 
have  healedj  leaving  cicatrices  ;  or  in  casts  nf  tumors  t>f  the  bronchi 
or  pressure  upon  the  ontside.  Foreign  bodies  are  usually  coughed 
Hpj  luit  may  remain  for  lung  periods  and  occasion  obstruct  ion. 


BRONCHIECTASIS,  OR  DILATATION  OF  THE  BRONCHI, 

This  is  due  to  increased  pressure  witldn  the  l>ronehi  or  to  some 
weakness  of  the  walls,  or  to  both.  The  w^eakening  of  the  walls 
is  most  frequently  due  to  chronic  brouclutis.  If  it  is  extrt^me, 
dimply  the  force  of  the  inspired  air  may  suffice  to  cause  dilatation, 
but  the  incrcjised  expiratory  eH'orts  of  coughing  may  ai^l  jnuterially. 
When  a  jKirt  of  th*'  Inug  is  collapsed  (atelectnsis)  the  impediment 
to  the  entrance  of  air  leads  to  tlilatations  of  the  bronclii  above  the 
i-oHapstnl  area.  This  is  especially  noted  in  children.  Tl»e  weight 
of  aceumuhiting  secretions  in  the  tubes  is  the  nc(*asional  cause  of 
brouchieetasis.  Finally,  in  fibrous  pneimmnia  the  traetinn  of  the 
connctHive  tissue,  attaching  its-^elf,  on  the  out'  lian<K  to  the  outer 
wall  of  the  hromdius,  :uui,  on  the  other  hand,  to  the  pleura,  may 
bring  about  cousitlerahle  ditatati<uis. 

The  enlargement  of  the  bronchus  may  be  localized,  when  it 
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19  termed  saccular  hmuchkchmH ;  or  iiifire  uuiform,  when  tlie 
names  cyiimirieal  and  fnf^ifoi'm  are  applieti,  tu'cordiiig  tn  the  slitijK* 
of  the  bronchus  (Fig,  199).  The  mutHjiis  mt'ml>nine  may  be 
almost  normal  in  appearance  in  small  dilatations,  but  more  eom- 
moiily  is  tliickeued  and  irregular  on  the  Burlaee,     There  may  even 


Flo.  lE^.— BroneMeetulfl:  a,  naccular;  5,  cylindrical;  one-half  naturml  tlie  (Oftb)* 

be  actual  i>oIyp<jid  oiitj^rowth^,  and  uh*cnition.s  may  oi?rnr  wlicn 
the  t^ecretion.^  are  specially  al>undant  and  irritating.  Mit-roscopi- 
cally  the  epithelium  is  fluuid  to  apjmjach  the  .sijuamous  type  ;  while 
the  wall  of  the  br4inehus  is  geiieniliy  infiltnited  and  eirrhotie. 
The  exudation  is  generally  purulent  an^l  copious,  and  may  be 
very  fetid.    Occasionally  it  is  thick  and  ctieesy. 

INFECTIOUS  DISEASES. 

Tuberculosis  of  the  bronchi  is  usually  associated  with  pul- 
monary tuberculosis,  and  appears  in  the  form  of  miliary  or  larger 
nodules  in  the  mucosa  or  submucosa,  which  tend  to  break  down  to 
form  u lexers. 

Syphilis  sometimes  occurs  in  the  form  of  eruptions  and  ulcers. 
There  may  be  dense  sear- form  at  ion  and  deformity  in  eonsequcnee 
of  the  healing  of  such  ulcers. 

TUMORS, 

Polypoid  conditions  of  the  mucowi  occur  in  cases  of  chronic 
bronchitis.  Fibroma,  ehondronia,  and  lipoma  are  rare  forms  of 
tumors.  Prinuir}^  cancers  may  spring  from  the  mucous  glands, 
or  from  the  surface-f^pitheliuin,  but  arc  very  rare.  Leukemic 
nodules  arc  seen  in  the  bronchi  at  timcsj  and  lyniphosareoniata  are 
not  rarely  found  t^i  spring  from  the  peribronchial  lymphatic  tissues. 

PARASITES  AND  FOREIGN  BODIES. 

Bronchiectatic  cavities  may  contain  a  growth  of  aspcrgillus- — 
Mtfcmhi  affpergilhna.  Hound  worms  may  enter  by  migration^  and 
hydatid  cysts  aii*  mc  t  wit!L  The  Paraf/ommnH  \i\Htenuanni  is  a 
pare  [>arasite  invading  tlie  bronchi. 
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Foreign  bodies  from  the  exterior  usually  enter  the  right  bron- 
chus. 1  ney  often  U^ail  to  serious  inflammation  and  suppuration, 
unless  they  arc  coughed  up.  Bronchial  concretions  sometimes 
iorm  by  inspissation  of  the  secretions,  especially  in  bronchiectatic 
c»avitic8.  Ver}'  rarely  cartilaginous  or  bony  masses,  derived  by 
outgrowth  and'  later  separation  from  the  bronchial  cartilages,  are 
obsiTved. 

THE   LUNGS. 

Anatomic  Consideratiotis. — The  structure  of  the  lungs  in 
their  uncxiiandeil  iHHidition  is  ver\'  .<imilar  to  that  of  an  epithe- 
lial gland,  cinisisting  of  ducts,  the  bronchi ;  and  glandular  tissue, 
the  pulnunum*  pan^nchyma.  The  terminal  bri>nchioles  divide 
iuio  st»vcral  alveolar  jKis^sages,  which  ojien  into  infundibula,  and 
thi^*  in  turn  are  sumnuulcd  by  air-eJai^s.  The  groups  of  infun- 
ilibula  ixnintvteil  with  a  terminal  bronchiole  constitute  an  acinus. 
^^eighlKmng  acini  unite  to  form  lobules,  and  the  lobules  unite  to 
tv>nu  IoIh^  The  epithelial  lining-cells  of  the  air-^cs  are  laige, 
flat  plau^  which  rest^mble  endothelial  cells  ver}'  closely.  Beneath 
ihes**  ivlls  is  a  layor  of  elastic  tissue,  which  gives  the  lungs  their 
ohamotorisiic  elasticity,  ami  in  which  is  enibeilded  a  rich  networic 
of  itipillarii^s,  tliat  i^arr}'  on  the  pn>|KT  rvspiratoTv  function  of 
the  lungs.  These  i^apiliaries  are  the  terminal  ends  of  the  pulmo- 
iwn-  arten\  Aiu^ther  set  of  bUxxl-Vi^sst^ls,  the  bronchial  arteries, 
s**r\e  only  to  nourish  the  walls  oi  the  br\mchi  and  the  structure 
of  the  Uuic^  thoms^^lvt^s.  The  ivtum  cirvulation  is  mainlv  carried 
ou  bv  thv  iHilmonarj*  veins,  which  receive  the  blood  of  the 
iHiltv-ornn-  arteries  ainl  much  of  that  of  the  bronchial  arteries 
Th-.*  vi:>:r*bution  of  the  lymphatic  vessels  in  the  lungs  is  of  the 
i:r^,;t:v>:  >.'^tt:tt«.'arKv  in  |xithoU>giv»  arwri^iuv,  esp^vially  with  regard 
r  :;-■:  .i-.-.><:v.i:tA:k>i>  of  inftvtious  di><A<<s  in  the  lung  itself.  One 
<v>::M'.  . -'  *y:v.v*tiA:U*s  Kirins  in  the  Iyr:ii»:>-fKU*es  between  the  cells 
.:'  :!'•:  :::. r\  .Simula r  ><j>ta.  Tiu^  lyiv.pi'^-^j^vvs  deliver  their 
.••  r:c::>  :  .  ■ '.v:v':arv  v-apillari^^s  in  rh^  >ii::i<  rti:!*>n.  ainl  these  in 
:*:-*■  ''  '  *^  :.ri  a'.vo^Iar  jvi:^ijc><.  >':t'  :::>:: :u:  the  latter  on  all 
>'•  s.  ^V  ., -  :Iv  s<\\nil  alv-..  .ar  ixisc<i^:>  unire  to  form  a  ter- 
'.  "V  -*  ■ .  •  '-.  :1k  >:r.:i!\r  I\:v.vla:'."  viir:'*:iri^s  alsi>  unite  to 
.;  ^ - .  .^^  -  -., -.  * . .^  x\  \\ i v- \\  i: \\\\  : :  -  '  r»  :':•:. :v It s.  Other  lym- 
\>i\'--  V  .  >M  ■  -  -, .  r-^  : :  vvl  : ::  -j  y  •/.*:•.    r  .=  r\  \  .  ■ "  s.  o  ■a>cituting  a  peri- 

•:.>.  •   d  -  - '  >: .  V .     >c:  .1  J.: «  : i . .  r  -n  -:  ::    "  r ;:' r -  in  small  subpleural 

•^j-.  ■   .!  *•  -.  ■     •:'*  V"  :-:.  tr\i"V-.  j.v  i  :i-. "  :>.!•'.  :ra.rt  the  lung  along 

'    ..     .7  >,vr.i.     S.  "■       :  :      •  .  :■  -v- v-r.  iti?*^  at  on^-e  to 

•  ■     -    •      .     -.   -i  :xr\;-    .:  A-   :  v-.:  -.       All  th^-   lymphatic 

7*.  ^-      :  .    ,^  .'.:  :       r .  :  -.    i   ,•■  ;r.:-.uilly  discfakrge  into 

.       •  -.  .-  •  y  ■-    i  >-    -  /.-.  •     vi    u  v.iri«.>cts  p^ace^  along 
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the  lymphatics  in  the  tissue  of  the  limg.  Near  the  root  these  are 
of  considerable  size,  and  merit  tht^  name  of  lymphatic  nodes  or 
glands.  Still  larger  and  more  important  ones  are  found  surround- 
ing the  bD.incbi  just  outside  the  hings^  and  around  the  end  of  the 
trachea. 

CONGENITAL  DEFECTS. 

Complete  absence  of  the  lungs  has  been  notetl  in  certain  mon- 
Bters.  One  lung  may  be  absent,  or  its  [mrenchyma  may  be  unde- 
veloped, while  the  bronchi  are  dilated  even  to  a  cystic  cijudition. 
The  opposite  lung  is  cumpeuHJitorily  enhirged*  Minor  abnonuali- 
ties  in  the  division  of  the  lobes  and  the  like  are  not  rare  ;  and  in 
a  few  instances  accessory  lobes,  wholly  disconnected  from  the  re^ 
of  the  lung,  have  been  obscrvctL 

CIRCULATORY  DtSTURBANCBS. 

Acemia  of  the  lung  occurs  as  a  part  of  general  anemia,  from 

Eressure  ujwn  the  lungj  or  from  obstruction  or  obliteration  of  the 
lood -vessel 3.  The  last  is  the  cause  of  the  great  pulmonary 
anemia  in  emphysema  of  the  lujigs.  The  lungs  arc  pale  in  color 
or  of  a  mottled  appearance  in  elderly  [persons,  in  wnose  organs 
considerable  pigment  is  usually  present. 


Flo.  'JiO,— Acute  t!iiri^^efilIon  (»f  the  lnri; 


hmorl). 


Active  H3rpereinia  or  Congestioti.— Exercise  constantly 
leads  to  inereusi'd  ll(nv  of  l»l(>n<l  to  iUv  lungs,  and  this  may  be  ex- 
treme, causing  nipi*!  tieath  {upoplej-ki  pnlmimnm  ruHCidarm).  In 
cases  of  irritation  of  the  lungs  by  the  inhalation  of  heated  or  cold 
air,  or  of  irritating  gases,  and  in  certain  lesions  of  the  base  of  the 
brain,  there  may  be  more  or  less  active  congestion  of  the  lungs 
(Fig,  200 L  (hlkiiertil  hjfpn-emiQ  t>ceurs  when  tht' opposite  lung 
or  some  other  part  of  the  body  becomes  anemic  through  a  stoppage 
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of  {\w  €ir<?iilation  in  that  jiart  The  hing  in  active  hyperemia  has 
a  dark -red  color,  an  (J  <in  section  hlmMl  flows  from  the  surface  of 
sec'tion*  The  alveoli  may  contain  free  hlood,  and  io  marked  cases 
there  is  b!<iod  in  thv  j^puta  during  hfe*. 

Passive  hjrperemia  is  for  the  most  part  a  chronic  condition, 
due  to  caoses  whieh  prevent  the  outflow  of  blood  from  the  lungs* 
The  most  frequent  cause  is  valvular  disease,  particularly  mitral 
stenosis  and  regurgitation  ;  hut  weakness  of  the  left  ventricle 
from  fatty  disease  or  tibroid  degeneration  acts  in  a  similar  manner. 
Any  local  cause  of  hindrance  to  the  outflow  of  the  blood  in  the 
veins  leads  to  similar  passive  congestion.  It  is  often  found  in 
the  depeu<lent  parts  of  the  lungs  in  cases  of  great  asthenia,  as  in 
typhoid  fever.  This  is  calletl  hppo^ktiir  nfmgedirm ;  not  infre- 
quently it  leads  to  hy|M>statie  pneuiuonia  whc-n  irritants  are  inspired 
or  descend  thrtjugh  the  bn>nchi  to  the  })arts  of  tire  long  afl>€ted. 
Post-mortem  there  is  often  a  similar  hypostatic  congestion,  but 
without  any  evidences  of  ciitarrhal  inflammation  of  the  bronchi, 
such  as  always  occurs  in  the  cases  iieveloj>ed  during  life. 


,  201  —PtiAgocytic  ceUs  of  the  «putiim,  ^'ontaintng  blood  |Jtgtncnt,  from  a  otM  of 
cardiac  congefttion  uf  tUf  lungs  (Jakob). 


The  lung  in  passive  hy|K'n:*mia  is  dark -red  in  color  and  heavy. 
In  the  more  acute  cas4^s  it  is  moist  on  section,  being  infiltrated  with 
serous  exudate  and  blood  :  in  chronic  tnises,  as  in  slow  heart-failnre, 
the  tissue  is  dry  and  indurated.  JlicroH/opieally  the  bhKxl- vessels 
in  the  alveolar  walls  are  seen  to  be  greatly  distended,  and  project 
into  the  alveoli.  Red  and  white  bloi>d-t*orpuseles  are  seen  within 
the  alveoli  and  in  the  interstitial  tissues.  In  the  later  stages  the  red 
corpuscles  either  re-enter  the  eirt*ulation  or  Imak  down  to  lorm 
dark  pigment-granules  within  the  alveolar  epithelial  «*ells,  the  leu- 
kocytes, or  lying  free  in  the  tissues  of  ttie  alveolar  walls.  In  such 
cases  there  are  at  the  same  time  considerable  [iyj>erplasia  and  indu- 
ration of  the  connective  tissue  of  the  lung ;  and  the  whole  pn-»eefls 
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is  called  ci/anotie  indurnikm.  In  easen  of  heartHJiseasc  with  con- 
gt^stion  t>f  the  lung's  theiv  are  very  canimonly  foiiiTfJ  in  tliv  sputa 
pigiuented  epithelial  cells  and  leukucyte.s,  siieh  as  those  described 
abcu'e  (Fig.  201),  Thoso  have  been  called  heart-failure  cells 
(Herzteiilerzellen).     They  are  of  somewhat  dia^j^nostic  importance. 

Edema  tK'e II rs  most  freij neatly  as  a  result  of  ]>assiYe  hyjK^reniia 
and  i s  d I le  U >  d i spro ji o rt i o n  in  the  e x j) n Is i ve  fo rei*  o f  t h e  t \\' u  v e n- 
tricles.  I  n  other  cases  the  edema  is  the  eousetjueneeof  piiend  septic 
eonditioos  which  leail  to  unusual  p<'rmi'ability  of  the  blMO<l-Yessels. 
In  this  group  of  eases  behing  tlie  iastauces  of  *' acute  idiopathic 
edema  *'  which  are  appirently  independent  of  cardiac  weakness 
and  probably  dependent  on  some  form  of  in  Ruction.  Similar 
edema,  not  depeu<lent  on  passive  congestion,  occurs  in  the  parts 
of  the  linig  surrounding  inflammatory  areas,  and  in  some  eases 
sudden  pulmonary  edema  seems  dependent  on  vasomotor  relaxa- 
tion. In  cases  of  stenosis  of  the  larynx,  edema  of  the  lung  may 
result  from  the  reduced  pressure  of  air  in  the  alveoli  and  thecon- 
S(xpient  auction  of  blood  to  the  pulmonary  circulation.  In  the 
cases  of  edema  due  to  passive  congestion  the  lungs  are  dark* red 
in  color,  and  on  section  more  or  less  serous  fluid,  rendered  frothy 
by  admix tureof  air,  exudes  from  the  cut  sorfaee.  I  n  the  other  forms 
of  edema  the  lung  may  be  quite  light  in  color,  gf  nerally  grayish, 
but  on  section  the  same  frothy  fioriini  exudes  from  the  surface* 

Hemorthag'e,— vSmall  punctite  hemorrhages  o<;cur  in  cases 
of  severe  congestion  or  inflammation,  in  the  hemorrhagic  or  in- 
fectious diseases,  and  in  eousetjuenee  of  high  IdorKi -pressure,  as  in 
deatli  from  asphyxia  or  in  whooping-cough.  When  hrmorriiage 
from  congestion  is  combined  with  serous  effusion  the  Itmg  assumes 
an  nppeamnee  not  unlike  that  of  a  by {>eremic  spleen  (spleui/ation). 
A  form  of  apparent  hemorrhage  is  seen  in  eases  in  wiiich  the  i)ltxKi 
is  aspirated  from  the  broneiii.  In  such  causes,  lobular  sj»ots  of 
hemorrhagic*  iuiiltnition  are  foimd  at  the  bases.  Jjarge  hemor- 
rhages intf)  the  sul>stanee  of  the  huigs  may  lie  traumatie,  or  they 
may  be  due  to  rupture  of  an  adjacent  aneurysm  into  the  lung. 
Small  or  large  pulmonary  hemorrhages  are  at  times  due  to  lesions 
of  the  nervous  system,  especially  of  the  base  of  the  brain. 

Hemorrliage  from  the  lungs,  diseharging  externally  through  the 
bronchial  tubes,  is  most  eomrnouly  due  tu  tul>ercu!osis,  and  is 
particularly  frequent  in  the  late  stages,  when  <*avities  liave  formed. 
The  immediat-e  source  of  the  bleetling  is  geneniHy  an  ermled  ves- 
sel in  tlie  wall  (^f  the  cavity,  and  a  small  miliary  aneurysm  is 
comm<mly  found  at  the  point  of  erosion.  Hemoptysis  may  be  the 
first  indication  of  the  existence  of  pulmonary  tul>erculosis,  but  the 
old  lielief  that  nemorrhages  cause  plithisis  is  ill-founded,  A 
hemorrhage  or  any  other  lemni  of  tlie  lungs  may,  of  course,  add  to 
the  liability  to  infection  ;  but,  as  a  rule,  the  cases  in  question  are  in- 
stances of  hemorrhage  occurring  before  the  other  evidences  of  the 
pulmonary  disease  have  become  marked.     Occasionally  hemopty- 
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BIS  \&  due  to  oaQgestioo  of  the  Itmgs,  to  erosion  of  small  blood* 
vessels  from  gangrene,  abscess^  or  the  liko^  or  to  vicarious  meiH 
stnmtion. 

Hemorrhagic  infejcts  may  occur  in  the  lungrs,  a?  in  other 
placws^  from  obstruction  of  the  arteries  by  emboli.  The  latter 
come  from  the  right  heart  or  from  the  general  venous  system,  and 
lodge  in  the  smaller  branches  of  the  ptihnonarv  artert',  frequently 
at  their  points  of  suMi vision.  \^tx  f>ften,  however,  emboli  are 
not  found,  or,  if  so,  arc  ,so  small  as  to  have  been  unable  to  cause 
ob^tmction  without  the  associateil  thrombosis,  or  thc*re  may  be 
purely  thrombotic  occlusion.  Valvular  lesions  and  muscular 
weakness  of  the  heart  aid  greatly  in  the  production  of  infarctions 
by  causing  a  sluggish  circulation  in  the  pulmonary'  vessels,  and 
thus  encouraging  tnromlxjsis.  Infarctions  are  <K*i^sionally  due  to 
thromb*jsis  of  the  pulnionan'  veins  without  obstruction  of  the 
arteries ;  more  rarely  they  are  t_ause<l  by  CKX»Iu?^ii>n  of  one  of  the 
bronchial  tubes*  The  latter  condition  leads  to  collapse  («/r/cc^/7^iW) 
of  the  part  of  the  lung  associated  with  that  tube,  to  consequent  con- 
ation (see  Atek^*tasis)^  and,  sometimes,  when  the  congestion  is 
Bvere,  to  hemorrhage.  In  addition,  it  is  to  Ije  remembered  that 
hemorrhagii'S  into  the  lungs  are  likely  to  have  theshaf^eand  appear- 
ances of  onliuar}'  infarcts,  because  they  occupy  the  area  supplied  by 
the  bronchuj*  into  which  the  l>lnoil  finds  its  way*  InfaR*tions  are 
most  fre<picntly  found  in  the  lower  lobes  and  in  the  right  lung;  they 


Fia  202.— Hemorrhagic  fnCirction  of  the  lung  (fj-om  a  pht  ^  L^r.ii  h  f  y  Dr.  Wm,  M.  Ot«y). 


are  usually  multiple.  They  have  the  characteristic  wedge-shape,  the 
base  of  the  wedge  direct etl  toward  the  pleural  hurface.  They  are 
hard,  airless^  dark -colored,  and  project  above  the  other  parts  on 
i*ection  and  on  the  plcnnd  surface.  Microsr^opicatly  there  is  seen 
a  uniform  hemorrhagic  infiltration  of  the  tissues  (Fig.  202),  and 
not  infrer|iiently  hyaline  thrombosis  of  the  smaller  blnod-v^essels. 
Toward  the  apex  of  the  inlaret  there  is  more  fibrin  in  the  blood- 
vessels, and  the  main  vessel  may  be  fotmd  obstnicted  by  an  embo- 
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liJ9  or  throiiihixs.  Small  infarcts  may  he  wholly  removed  through 
the  ViiM'ukr  and  lymphatic  channels  after  liquefaction  and  granu- 
lar degcnenvtion  of  the  blood -clot.  More  coninionly  a  pigmented 
scar  is  left.  Softening  and  cyst-formation  may  occur,  or  m  cases 
in  which  the  original  embolus  wan  infected  liy  micro-organisms,  or 
in  which  the  infarct  bec^omes  infet!t**d  through  tlic  bronchial  tubes, 
abscess  or  gangrene  may  result. 

Embolism  without  infarction  is  not  intrcqurnt  in  the  lunge. 
An  interesting  form  is  fat-embo!i8m,  resulting  from  fracture  of  a 
bone  with  <lis<irga nidation  of  the  marrow^  and  less  frequently  from 
traumatica  disturlmnc^'.s  of  other  lat-t issues.  When  large  branches 
of  the  pulmonary  art*Ty  arc  uccluded  in  this  way,  or  when  numer- 
ous vessels  arc  obstructcil,  sodden  dcatli  may  result.  In  utlxer 
cases  there  are  merely  great  ilvripnea  and  oppression.  Air-embo- 
lism, embolism  of  hydatid  eyst«,  and  embolism  of  portions  of 
tumors  are  nirc.  Attention  has  been  caHed  to  the  embolism  of 
placentiil  cells  in  certain  cases  of  eclajupsia. 

HYPERTROPHY   AND   ATROPHY, 

Hj^ertrophy. — Tro*^  hypertrophy,  in  the  sense  of  increase 
of  all  the  constituents  of  the  luog-tissue,  is  extremely  nirc^  and 
probably  only  occurs  when  areas  of  the  pulmonary  tissue  have 
been  rendered  useless  e^arly  iu  inliincy  or  in  fetal  life.  Cases  have 
been  observed,  however,  iu  which  a  single  lung  ix^cupied  the  entire 
side  of  the  thorax  to  which  it  belonged,  and  also  a  part  of  the 
other  si*le,  where  complete  atrophy  of  the  other  Itmg  had  existed. 
1 1  mil  y  be  that  I  i  ra  i  ted  a  rea  s  o  f  1 1  y  pert  ro  p  1 1  y  occ  1 1  r  mo  re  f req  u  e  n  t  ly 
tlian  we  at  present  believe,  but  evidence  is  wanting. 

Partial  Hypertrophy. — The  muscular  tissue  of  the  inter  vesicular 
septa  and  of  the  suudler  broot^hioles  not  intRtpiently  undergoes 
proliteratiuu  or  hyperplasia  when  tliert^  has  been  obstructifin  in 
the  air-passages,  so  that  greater  expiratory  force  was  required. 
Similarly  the  elastic  tissues  may  become  iucreasetl  ;  but  these  are 
not  instances  of  true  hypertrophy. 

Atrophy* — Aside  from  that  which  occurs  as  a  part  of  emphy- 
sema, atrophy  does  not  take  place. 


EMPHYSEMA. 

By  this  term  is  indicated  nn  incn*asc  of  the  air  contained  within 
the  lungs,  cither  in  the  norutal  tubes  and  alveoli^  or  iu  the  inter- 
stitial connective  tissue.  Two  varieties  4»f  euiphysema  may  be 
distinguished  by  their  essentially  ditferent  nature.  These  are  fht 
inlcn^'diffl  nnil  the  rrximhir.. 

Interstitial  empliyseitia  of  the  lungs  is  similar  to  the  em- 
physema of  the  sulicutanecvus  tissues^i.  e,^  the  term  refers  to  the 
exist<'nce  of  air  within  the  fibnnis  tissue  of  the  lung.  This  otxairs 
in  the  course  c»f  affections  in  which  there  is  some  obstruction  to  the 
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expiration,  conibiiietl  with  severe  coughing  or  forcible  ex}>iratory' 
eiforts,  leading  to  rupture  of  the  iiitervesieiilar  septa  and  extra%'a- 
sation  of  ain  Degenerative  or  infiiimniatory  weaknei^s  of  any  |)art 
of  the  puhnonary  structure  would,  of  course,  act  aj^  a  primary 
cau.se.  Interstitial  en»phy!?enja  h  most  eominoiily  obser\'ed  iu 
such  diseases  as  \vh(M:*ping-coug|j  mid  niembranoos  croup ;  it  may 
also  result  simply  from  stniiuiug  eflbrts,  a*^  in  women  during  lalx>r, 
or  from  forcibly  blowing  wind-instrumcuts,  etc.  The  air  from  the 
ruptured  air-vesicle  finds  it>  way  into  the  intcmlvt^kr  and  inter- 
vesicular  s<'pta,  and,  passing  along  these,  eventually  reaches  the 
interlobular  and  subpleural  connective  tissue,  where  it  is  seen  in 
the  form  of  small  blebs^  movable  ft*om  place  to  place.  The  pro- 
cess may  extend  to  the  roots  of  tlie  lungs,  ami  even  to  the  mediasti- 
nal tissues  or  to  the  subcutaneous  tissues  of  the  mrk.  When  an  air- 
vesicle  near  the  pleural  surface  ruptuix^^s,  pneumotliorax  may  result 

Vesicular  emphysema  is  the  term  used  to  designate  over- 
disteniion  of  the  alvi'oli  and  air-saeJ5  of  the  lung.  Two  factors 
play  a  part  in  the  caiisatifm  of  this  condition  :  tirst,  increase  of  the 
pressure  under  which  the  air  exists  in  the  lung;  and,  secondly, 
degenerative  or  iuHamuuUory  weakness,  with  loss  ol'  elasticity  of 
the  lung-structure  itself  There  are  several  varieties,  and  the 
caueeB  vary  somewhat  in  each. 

(o)  Acute  vesicular  emphysenia  results  simply  from  excessive 
air-pressure  within  the  alveoli,  and  may  be  more  or  less  wide- 
spread. It  occurs  in  cases  in  which  intlainmalory  swelling  or  mu- 
cous secretions  within  tln^  lironchi  obstruct  the  expiration  of  air, 
but  are  not  sutticient  to  impede  the  more  vigorous  in>pimtory 
force.  There  reMiltx  overdi stent  ion  of  the  alveoli  and  air- vesicles. 
Somewhat  similar  conditions  are  prcM-nt  when  the  entrance  of  air 
into  certain  parts  is  impeded  bv  obstruction  or  disease  of  the 
bronchi  or  by  eiHisolidations  of  the  pulmonary  tissue*  Localized 
emphysema  ol'  other  parts  results  (Fig.  204);  the  term  virariouji 
einphfft^ntia  i^  appli»(l  to  such  cases.  This  is  not  unusual  in  the 
lobules  of  the  lung  surrounding  areas  of  pneumonic  or  tuberculous 
consolidation,  and  may  affect  an  entire  lobe  or  lung  when  the  en- 
trance of  air  into  the  other  Ifibes  or  the  other  bmg  is  prevented* 

Patholog'ic  Anatomy. — In  these  cases  of  acute  and  vicarious 
emphysema  there  is  simply  ovtTdistention  of  the  alveoli,  and  the 
tissue  presents  a  paler  color  than  normal  and  a  cotton-like  sensa* 
tion  when  gnisped  in  the  fingers.  Microscopically  nothing  beyond 
overstretching  of  the  septa  and  some  anemia  of  the  vessels  is 
apparent.  If  the  causes  continue  lo  opt^rate,  changes  similar  to 
those  fonnd   iu  chronic  vesicidar  emphvscnia  ensue, 

(/>)  Chronic  vesicular  emphysema  is  the  orditiary  form  of  emphy- 
gt^nia,  and  is  sonu'times  sjMiken  of  as  foibstantia/  rmjtlnff^rmn* 

Etiology, — duonic  vesienhir  emphysema  commonly  mTurs  in 
elderly  persons,  and  is  predisposed  to  by  attacks  of  brcjncho- 
pnenmonia  and  by  tl»e  existence  of  other  Itiflammatory  and  con- 
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gesti%'e  conditions  of  the  lungs*  These  conditions  lead  to  weak- 
ness and  loss  of  elasticity  of  the  pulmonary  tissue.  Heredity 
playg  a  part  in  the  t«ime  direction,  and  it  18  snpp<:)sed  by  mme  tliat 
there  is  an  al)normal  lack  of  develojjnient  of  tlie  elastic  tii^sue  in 
the  lungs  of  such  persons,  rendering  tlieni  more  suseeptihle  to  this 
disease.  The  direct  excitinj^  cause  of  emphyseina  is  increase  of 
the  air-pressure  within  the  alve^Jli,  and  much  speculation  ha?4  been 
indulged  in  tc*  discover  whether  inspiration  or  expiratiifu  plays  the 
more  important  part  in  incn^asi ng  the  pri'ssurc.  It  seems  likely 
that  the  expiratory  force  is  the  more  ijopc^rtant  one,  as  in  the  case 
of  constant  coughing  in  chronic  bronchitis,  the  blowing  of  wind- 
instruments,  and  the  constant  straining  in  certain  pelvic  disorders, 
all  of  which  may  lead  to  cmpbysenia. 

Pathologic  Anatomy. — Tlic  lung  increase's  in  size,  and  very 
often  remains  distended  when  the  thorax  is  opened  post-mortem. 
The  edges  are  roundetl ;  the  orgiin  is  light  in  col<ir,  and  hasa  cotton- 


Fio.  203.— Emphi^aem^  of  the  lunncs  (Kiirg  And  Sehmorl), 

like  feeling  wlii'U  squeezed  betw(*en  the  lingers.  On  seetiem  into  it 
the  alvcidi  may  Iw  seen  to  be  distendetl,  and  there  may  lie  cavities 
of  cpiite  considend)le  size,  often  as  hirge  as  a  p<:*a,  and  sometimes 
even  that  fjf  a  (4ierry  or  plum  (Fig.  203).  Large  spaecs  of  ibis 
kind  arc  not  umisnal  near  tla*  ]»leural  surfaee  ;  the  term  iftfffoH.s  rm- 
jjiif^t^mit  has  been  used  in  reference  to  such  eases.  The  pigment- 
matter  uf  ttie  lung  is  veiy  mu(4i  lessen*'*b  anil  may  be  <listributwl 
in  radiating  or  parallel  lines.  This  lessening  of  the  pigment  is 
not  alone  due  to  its  distriinition  over  a  greater  space,  \n\i  there  is 
also  actual  disap}K*a ranee  by  removal  throui^h  the  lym|>ljatic  chan- 
nels auil  ibrough  expectonition. 

Chroiiir  eun>bysema  ruay  be  a  ge'iieral  j>ro(*ess  aHectiug  all 
parts  of  butli  lungs,  <»r  it  may  be  local izeth  In  the  latter  ease  it 
is  the  apex  and  anterior  edges  that  are  most  commonly  involved, 
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but  spots  of  emphyi^^nm  may  be  sc'on  hen^  ami  tliore  in  otber  parts 
of  the  lung,  int^^rspersi'd  with  normal  tissue.  The  involvement  lA'the 
apex  and  anterior  pi*rtions  is  due  to  the  fat^t  that  the  expiralory 
forcie  i^  uiore  apt  to  distend  these  portions  of  tlu*  hnig  than  the 
lateral  iiu<l  hasiii  jwirtions,  whieh  receive  the  uniform  ^upport  of 
the  side.s  of  the  chest  and  the  tliaphmgni  as  they  contract  against 
the  lung. 

Mieroseopieally  emphysema  is  found  to  consist  in  enhirge- 
meut  of  the  vesicles  and  alveoli  by  distention  and  by  atropliy 
and  di.sappeamnee  of  the  intervesicular  and  intemlveolar  septa. 
Studied  fruni  the  earliest  stage,  there  will  be  found,  first,  over- 
distention  of  the  air-sacs,  then  a  gnulual  thinning,  and  finally 
vacuolizjition  of  the  intt^rvesicnlar  s^'pta  at  their  thinnest  parts. 
Coincidental ly  the  small  capillaries  are  compressed,  and  are  finally 
convertcMl  into  hyaline  eoms.  The  anemia  tM>nse«juent  upon  this 
determines  additi*inal  atrojihy  and  degeneration  of  the  septa  and 
fatty  degeneration  oi'  tlir  loosened  epithelium,  i^u  that  eventually 
the  whole  of  tlic  septum  disa|)pears.  loiter,  adjacent  alveoli  inter- 
t*ornniunic4it*'  an<l  large  spaces  are  thus  fiirnied. 

The  obstrui^tiou  to  the  pulnionar}^  circulation  dne  to  the  oblit- 
eratii>n  of  the  capillaries  leads  to  eollatcnd  hyperemia  of  the  larger 
Viranches  supplying  the  bronchi,  and  thus  proh^ngs  the  chronie 
bronchitis,  which  in  the  first  iustanee  may  have  been  the  cause  ttf 
the  enipliysema*  Sobscrpicntly  cr4 lateral  anastomosis  between  the 
pulnionar)^  arteries  antl  the  bronchial  system  of  blofMl-veBsels  is 
established. 

Associated  Conditions  in  Other  Organs. — The  i4hai>e  of  tht* 
thorax  in  emphysema  is  chamr'tcristie.  Tlic  chest  is  in  a  constant 
state  of  extreme  inspiration,  the  clavicles  elevated,  tlie  sternum 
|>rotnided,  tlic  Imek  arched.  It  has  a  shape  well  Iikene<J  to  that 
of  a  barrel.  The  diaphragm  is  usually  depressed,  and  the  liver  is. 
below  its  normal  jxisitKjn  ;  the  heart  is  almost  or  conipk'tely  cov- 
ered over  in  fmnt  and  usually  pressed  somewhat  backwartl  frcmi 
the  chest- walb 

Pathologic  Pbysiolog-y. — The  cflect  of  emphysema  npin  the 
circulation  is  im|Mjrtant.  The  (»l>strnrtion  of  the  jnilmitnary  cap- 
illaries bails  to  increase  of  puhuonarv  )>ressnre,  and  eventually 
hypertrophy  u{  the  right  heart  ;  later,  {lilatation  of  the  right  ven- 
tricle ensues,  and  characteristii'^  cardiac  dropsy  with  genend  cyano- 
sis may  result. 

(c)  Senile  empliysema  is  dne  to  thinning  of  the  intervesienlar 
septa,  the  result  of  the  atropliic  prcM^esscs  ti»  whieh  old  age  pre- 
ths|M>ses,  There  is  not  necessurify  any  element  <>f  increased  air- 
prcssnre  in  the  causation  of  this  form  tif  emphysema,  and  the 
volume  of  the  hmg  may  not  hv  notably  increa^ied,  tlumgh  the 
tissue  is  ligliter  an^l  the  air-spaces  arc  finmd  to  be  increas^b  The- 
lung  is  light  in  color  and  often  collapses  readily. 
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ATELECTASIS. 

The  term  atelectasis  is  ii]jptiecl  to  two  distiiiot  coiiditions,  one 

occurring  as  a  conjtjenitrtl  uttiH'ti«ni,  in  whi(*h  tlie  ttui^  lius  nt'ver 
been  properly  expande*!  bv  air  ;  tUo  otlier  tHTurrint^  in  aiter-lile, 
in  wbicli  tlie  lun^  is  t^omprt'Sf^ed  or  coilapsed,  ho  tlmt  tbe  alve<rli 
and  air-vesielus  are  rt^mlenHl  airless. 

Congenital  atelectasis  is  found  in  new-bom  babes  in 
wliom  tbe  inspirat4>rv  power  iias  been  yo  deti<*ient,  us  tlie  reHidt  of 
general  weakness  or  eoni] mission  of  tbe  tlionix,  or  of  (^rnnpres.sion 
of  tbe  l>rain  by  cerebral  beiiiorrlm^e,  that  the  liiuj^s,  nr  [jurts  of 
thera,  have  lu'ver  been  expande*!.  It  may  also  take  place  in  a 
purely  rnecliunical  way  by  obstruction  to  tbe  air-passages  by 
nieeoniuni  or  other  foreign  matter. 

Pathologic  Anatomy. — C-on^eiiital  atelectasis  eomraonly  affect*? 
the  bases  and  posterior  portions  of  tlu*  Inng*  The  area  of  disease 
is  of  a  dark-reddish  color ;  it  is  rather  tough,  and  on  section  prt*- 
sent8  a  smonth  appearance;  pressure  gives  no  sign  of  crepitation. 
If  a  portion  l>e  tlirowu  into  water,  it  sinks.  Usually  a  con- 
sidenible  part  of  the  lung  is  involved,  but  84]imetinies  merely 
lobular  areas  are  affected.  By  inserting  a  blowpipe  into  the 
bnaielii  the  bmg  may  l>e  inflated,  and  resumes  its  normal  ap- 
pearance, provided  the  condition  has  not  persisted  for  any  lengtli 
of  time.  If  tlie  child  dijcg  not  [»eris!i,  seeoudar)^  elianget*  take 
place.  The  epithelium  of  the  alveoli  degenerates,  more  or  less 
proliferation  of  the  connective  tissues  of  tbe  septa  occurs,  and  the 
pleura  over  the  diseased  area  is  prone  to  biromc  thickened.  The 
at<?lectatic  port  tun  ol"  tlie  lung  in  such  cases  remains  collapsed  ;  it  is 
smooth  on  section,  fn'c  of  j>igruent,  and  can  no  longer  be  inflated. 
Secondar}'  dilatation  of  the  bronchioles  and  bnmchi  may  ensue. 

It  is  of  interant,  ia  a.  medicolegal  sense,  to  recognize  that  atelecta-^ia  re- 
sembling the  congenital  form  may  be  aiet  with  in  tlie  bodies*  of  iiiftint*  that 
have  liveib  breathed,  aad  even  cried  lustily.  The  explanation  of  thiis  in 
that  collapse  occun?  some  time  after  birth,  and  that  as  the  lung  has  practi- 
cftlly  still  it8  fetal  elmractpri sties,  tbe  resulting  atelectasift  13  the  exact 
eomiterpjtrt  of  the  congenital  form. 

Atelectasis  in  later  life  occurs  nnder  a  variety  of  coiidi- 
tions.  It  may  >iniply  Ijc  tin*  result  of  cumpression  of  tbe  lung  by 
pleural  etfusions,  l>y  deformities  of  tlie  eliest,  by  tumors,  aneur- 
ysms, and  the  like.  It  may  also  Ije  met  with  in  cases  in  %vhich 
the  bronchial  tubes  have  beconnj  obstrncted.  The  larger  bronchi 
may  be  occlutled  by  tlic  prc^ssure  of  tumors  or  aneurysms,  or  by 
foreign  botUes,  and  the  resnlting  atelectasis  is  of  consideral)le 
extent;  the  snialler  bronchi  and  bnmchioles  are  freqwently  ol)- 
Btructed  by  intense  (*atarr!ial  thickening  of  their  iinicosa,  and  in 
consequcm^e  lobular  areas  of  atelectasis  are  developed*    The  latt^er 
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ie  es|K>cia!Iy  frequent  as  ooe  of  the  pathologic  features  of  broncho- 
pueuinonia  {q,  r.). 

The  explanation  of  atelectasis  as  the  result  of  bronehial  ob- 
striiction  has  oeeasioned  moch  diseussion,  and  sev^eml  theories 
have  been  ]jrojx>seil.  In  worue  eanes  it  is  not  unlikely  that  mueous 
secretions  within  tlie  bmnehi  may  prevent  inspiratory  entrance  of 
air  into  the  lungs  without  r»pposing  any  oh^tat  le  to  expiration,  so 
that  eollapse  in  i^rachially  devek}pech  In  otlier  eii.scs  it  is  likely 
tliat  both  inspimtion  and  expiration  are  prevented,  while  the  air 
contained  within  the  air-vesicles  is  gradnally  absorbed.  It  iB 
claimed  that  lirst  the  oxygen,  later  the  earl)onie  a*'id,  and  finally 

the  nitrogen,  are  aijsorlted  ;  the  col- 
la  pse  of  the  ah'CM)li  then  beeomes 
complete.  It  is  po8i=!ibk\  ahso^  tliat 
atelectasis  may  be  developeti  as  the 
result  of  the  failure  of  respiratory- 
motions  on  one  side,  or  affecting  a 
certain  part  of  the  lung.  As  a  re- 
sult of  tliis,  the  elasticity  of  the 
pulnionar)'  tissue  would  gradually 
press  the  air  out  of  the  atfected 
area,  %vhile  new^  air  was  not  sup- 
plied by  inspiratittn*  Such  a  con- 
dition, htiwever,  nuist  be  rare. 

Pathologic  Anatomy,— The  part 
affected  Ijy  atelectasis  is  dark  in 
color,  and  is  much  reduced  in  size, 
so  that  when  lobular  areas  are  af- 
flicted the  pleirral  surface  may  be 
considerably  depressed  (Fig,  204). 
On  set*tion  the  surface  is  smooth 
and  gf*ne rally  dry,  th<High  in  s<»me 
instances  jiassive  hyperemia,  which 
is  generally  present  to  some  extent,  reaches  such  a  grade  that 
bloody  liquid  flows  freely  from  the  surface  of  section.  The  term 
aplenhftfioii  is  properly  appliinl  to  suf^li  c*ases,  whereas  the  instances 
in  which  the  surfat'c  is  tirv  are  uften  spoken  ol*  as  earnijicalion. 
The  lung  does  not  cri-pitate,  and  sinks  when  |da(*ed  in  water.  In 
the  earlier  stages  the  diseased  porti^in  may  lie  inflated  through  the 
bronchial  tubes  ;  lait  when  the  condition  lias  persisted,  connective- 
tissue  overgnnvth  s]>nuging  from  the  septa  causes  permanent 
indnnitiou  and  pcrnKuient  eolIaps4.\  The  huig  in  such  eases  is 
hard  and  of  a  tlark  enlor,  due  to  the  deposit  of  hematogenous  |)ig- 
ment,  the  result  r»f  disintegnition  of  the  blrHxl  present.  The 
V^ronchi  may  be  compressed,  but  sometimes  atelectatic  bronchi'- 
fHa^ii*  results  from  the  increased  pressure  of  air  sustained  by  the 
bronchi  in  consequence  of  the  collapsed  state  of  the  lung-tissue. 


Fig.  204.— Atelectiisls  due  to  brtJii- 
uhittl  obatrucUon :  acute  **mpby«eniii 
of  the  imfifl'ected  iHJrtloiiH  of  the  lunir 
(Orth). 
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INFLAMMATION,  OR  PNEUMONIA. 

ClESSification* — InHainination  ol"  tlit*  lungs,  |)iienmf>nia,  or 
piieimioiiitis^  iiiuy  urisi'  iti  a  vurii'ty  of  ways^  iiikI  jm'M-iit  itself  in 
a  number  yf  wkluly  varying  furiii^,  huth  as  tn  the  (listnlmtiHn  and 
the  nature  uf  the  pathologic  changes  In  the  |Hilni(jnarv  strurture. 
In  all  cases*  .some  irritant  h  conveyed  to  the  Iniig  either  (a)  from  the 
upper  air-passagt^s  or  external  world  through  the  Ijronclii  (hrouchiH 
genie  pneumonia)  ;  [h}  from  some  other  part  t»f  the  l>m]y  through 
the  blood  (hematogenic  pneumonia) ;  or  (r)  fron*  tlu'  pleura  by  direct 
extension  or  tlirough  the  lyniph-t^hannels  (pleurogenic  pneumonia). 

Anatomically  pneumonia  is  classified  aceording  to  the  nature 
of  the  inflammatory  prcMhietSj  and  there  are  thus  distinguished  : 
Jihntwas  pnemnonkij  in  whicli  the  air-vesieles  and  terminai  bron- 
chioles contain  an  cxuthite  especially  ritvh  in  filiriij  ;  rafurrhftf^  or 
htrtHrhoptteumouia^  in  which  the  exudate  is  (*oin])osed  of  au  alluuni- 
nous  liquid  containiug  numerous  epillielial  cells  and  Idood-cor- 
pu^M'Ies ;  puruli'id  pneumonia^  in  which  pus-eelis  are  the  note- 
wort  liy  element  in  the  exudate ;  vhee^^  pnetimoniUf  in  which 
cellular  desquamation  and  cheesy  neerosig  arc  prominent ;  and 
prodndtre  or  Jibrous  pneumi'mla,  in  wliich  t!u:'re  is  M\^ergrowth 
of  fibrous  connective  tissue.  It  is  to  be  remembered,  how- 
ever  J  that  mixed  cases  are  of  frequent  o(*(*urnmce,  Thu.s  in 
many  instances  hK'alizcd  arcus  of  ileeided  fibriufitis  pneumonia  are 
founil  in  the  midst  of  larger  areas  of  catarrhal  pneunumia  ;  some 
distim-tly  purulent  exudation  may  be  met  with  in  nmny  instances 
of  Ulirinous  or  catarrhal  pneumonia;  and  more  or  les.s  |>rodiU"tivc 
inflammation  and  filirous  i^vergn^wtli  may  be  seen  in  any  of  the 
other  varieties-  Typical  eases,  however,  present  little  mixture  of 
the  lesions. 

The  terms  parenchymatous  and  interstitial  pneumonia  are 
sometimes  employe<l,  but  are  of  doubtful  significance.  The  jjrojx^r 
parenchyma  of  the  lung^',  the  alveolar  septii,  and  their  contained 
lilood-vesscls,  are  never  the  sole  seat  of  inflnnmiation,  and  the 
lerm  |Mir(Mi(*hyuiatous  pneumofda,  as  usually  a[iplied  ti*  inflam- 
mations of  the  lining  epithelium  iif  the  air-vcsiclcs,  is  therefiuv 
misused.  It  is  more  proper  to  call  the  fibrous  variety  intei>5titial 
pneumonia. 

Fibrinous  Ptieumonia. 

Definition. — Fibrinous,  or  erou|>i>us,  or  loluir  pneunumia  is 
an  ai'ute  iufectious  fbnn  of  pueunumta,  generally  caused  liy  the 
DiploccK'cus  pueumonim,  and  usually  involving  au  entire  lobe  or 
more  of  one  or  lioth  lungs.  Patliologically  it  is  chnracterizt»il  by 
an  exudation  within  the  air-vesicles  and  terminal  bn>nehioles, 
nudnly  e<  mi  posed  of  fibrin  ;  and  clinically  the  disease  is  marker! 
by  a  definite  and  eliMracteristic  course. 

Etiology. — The  im|Kirtant  factor  in  the  causation  of  fibrinous 
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pneumonia  is  the  DiplococcuB  pneumoniae  (Frankel-Weichsel- 
banm).  This  micro-organism  is  found  in  the  sputa  and  in  the 
lunes  of  the  great  majority  of  cases^  and  is  undoubtedly  the  cause 
of  the  pneumonia ;  but  occasionally  other  micro-organisms  seem 
to  occasion  typical  fibrinous  pneumonia.  Among  these  are  the 
pneumococcus  of  Friedlander,  streptococci,  staphylococci,  the 
bacillus  of  typhoid  fever,  the  bacillus  of  influenza,  ana  the  Bacillus 
coli  communis.  In  some  cases  in  which  bacteria  other  than  the 
diplococcus  are  supposed  to  be  the  cause,  there  is  doubtless  mixed 
infection ;  but  it  must  be  accepted  at  the  present  time  that  a  num- 
ber of  micro-organisms  are  capable  of  causing  the  disease.  The 
fibrinous  pneumonia  which  occurs  in  the  course  of  tuberculosis  is 
certainly  due  to  secondar}'  infection,  and  the  same  thing  frequently 
happens  in  the  course  of  typhoid  fever  and  influenza,  though  the 
specific  bacilli  of  these  diseases  may  alone  cause  pneumonia. 

The  micro-organisms  usually  gain  access  to  tlie  lungs  through 
the  bronchi.  In  the  case  of  the  Diplococcus  pneumoniae  the  fre- 
quent occurrence  of  this  organism  in  the  mouth  and  upper  respira- 
tory passages  furnishes  a  ready  explanation  of  one  source  of  infec- 
tion. More  rarely  the  bacteria  may  be  directly  inspired  from 
without,  or,  exceptionally,  they  may  reacli  the  lungs  througli  the 
circulation. 

There  arc  certain  predis|)osing  factors  which  have  long  been 
recognized  clinically  as  causes  of  pneumonia.  These  probably  act 
by  rendering  the  pulmonary  tissues  less  resisting,  or  by  increasing 
tlie  virulence  of  the  diplococci  of  the  mouth.  Among  these  causes 
are  exposure  to  cold,  injury  of  the  lungs  by  traumatism,  fatigue, 
and  systemic  depression. 

(For  the  description  of  the  Diplococcus,  see  page  248.) 

Pathologic  Ajiatomy. — The  lesions  most  Irequently  involve 
the  lower  lobe  of  the  right  lung ;  next  in  order  is  the  lower  lobe 
of  the  left  lung;  the  apices  alone  are  least  frequently  involved. 
In  all  cases  there  is  a  tendency  to  the  involvement  of  a  whole 
lobe,  and,  as  a  rule,  the  entire  area  of  disease  is  affected  uniformly 
and  simultaneously.  There  are  wide  variations,  however  ;  for,  on 
the  one  hjmd,  typical  fibrinous  pneumonia  may  occasionally  appear 
as  a  more  or  less  lobular  disease  (particularly  in  influenza),  and, 
on  the  other  hand,  the  process  may  spread  from  one  part  of  the 
lung  to  another  [pneumonia  miyranH),  In  typical  cases,  not  only 
is  the  process  uniformly  distributed,  but  it  passes  through  distinct 
stages :  first,  of  congestion,  then  of  consolidation,  and  finally  of 
resolution. 

Stage  of  Congestion  or  Engorgement. — The  affected  area  is  dark* 
red  in  color ;  it  is  swollen  and  heavy,  and  on  pn^ssure  crepitates 
less  than  a  healthy  lung.  The  pleura  over  the  diseased  part  is 
dull  and  lusterless.  On  section  through  the  lung  bloody  liquid 
exudes,  and  when  the  part  is  compressed  with  the  fingers  this 
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liquid  shows  few  air-biibbles.  The  condition  m  simply  one  of 
intense  congestion,  with  cxydatiun  into  the  alveoli  and  terminal 
l>rt>nehiok'S  of  semus  Iif|uid  un*!  lilwHl-i^orpiLscles  (see  Fig.  200). 
Micn>s*'opieally  the  small  bltKiil- vessels  of  the  septa  are  seen  to  be 
greatly  distende*!  and  project  inward  toward  the  ulvet^li.  Within 
the  latter  may  be  found  many  red  eorptisc^es,  a  k*sser  number  of 
lenkocytes,  and  some  (ietiiehed  epithelial  ecfls. 

Stage  of  CoEsolidatioB,  or  Hepatizatioii.'^The  diseased  lung  is 


ftawSOfiu— Red  hepatLKAliun  of  the  liiiix  (ttom  a  photut^rapli  by  Dr.  \Xm.  M.  rrraj). 

now  completely  solid  and  liver-like  in  eonsisteney  (hepatization). 
It  is  swollen,  and  marked  on  the  surface  hv  indentations  of  the 


Fio*  20fJ.-'C!Tou(x»iii»  pneiimonlH:  bpfffnninif  t^rny  hr|»Ht!juilioii  (Ktir^  and  Schmorl), 


ribs.     The  surface  of  section  is  at  first  red  in  color  (red  hepatizii- 
tion,  Plate  4),  but  later  becomes  white  or  gniy,  or  in  elderly 
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ppr^oii^  (in  whom  tlie  Uings  are  usually  darkly  pin^m(?iit-r<l  from 
inlmlatinn  of  dust)  of  a  variegat-ecl  appearaiKu?,  rrseiuljliiig  ^mnite 
(gray  lit*|mtizatiou,  Plate  5).  The  c^iit  surface  is  entirely  dry, 
and  is  finely  ^Rinular  on  aeeount  of  tlie  prnjeetioii  of  suiall 
plu^  of  fibriu  Irnm  the  alveoli  and  hnmehioles.  The  pleura 
is  general ly  eovered  M'itli  ^ilvriiious  exudation,  Microset^pieally 
the  alveoli  are  found  diytemle*!  with  a  network  ijr  jjarticley  of 
tibrin,  in  which  the  same  cellular  eonstitnent;*  aw  oeeur  in  the 
fsta<^<^  of  eonfi^estion  are  embedde^h  The  tiljrinous  netw*»rk  is  beau- 
tifully deuiMiistratcMl  by  staining  the  peetions  after  the  method 
f>f  W'eigert  (Fig.  205).     The  blood-v tassels  are  less  jjrouiinent  than 


Flo.  207.— Advanped  gray  heinttizatkin  (frr>m  h  j^}kMtM>;rn|tli  Vy  I>r.  Wtn.  M.  C3r«y). 

in  the  first  stage.  Ah  the  disi'ase  advanees  to  the  peritnl  of 
grav  hepatization  the  number  rtf  leuk*>evtes  within  the  exudate 
iuereases  and  the  blood-veivsels  beeome  still  less  prominent  (Figs. 
206  and  207). 

Stage  of  Eesolution.— (iradually  softening  cd' the  exudate  oc*eurs 
and  the  lung  lieeonies  nnire  moist.  Fiiriform  li^juid  may  be 
s<|iieeze<l  iroui  the  sarfaee  of  seetiou,  or  may  l>e  seen  in  the  bron- 
chioles and  brouf^hi,  Crejfitation  is  re-established.  MienisiM^pi- 
eally  fatty  degeneration  of  the  eeils  of  the  exudate  is  apparent. 
Stdtening  is  further  4'ontriliuted  to  Ijv  simph^  liquefaetion.  The 
n^sult  yf  these  proi^esses  is  emnlsitieation  of  tlie  exudate,  which  is 
Hnalty  earried  otf  by  the  lymphatics  or  expeetoratwh 

Before  the  ]iroeess  of  restdiition  is  completed  the  epitlielial  cells 
of  tlie  alveoli  and  bmnehicihs  prol iterate,  so  as  to  repair  the  dis- 
eased portions.  At  the  same  tinje  proliferative  changes  may  be 
set*n  in  the  tissues  of  tlic  septa.  These  coiiditioiis  exist  throughout 
the  disease  to  a  flight  extent,  but  beeome  more  ap[>arent  in  the 
stage  of  resolution.  Kventualiy  the  bing  is  restored  to  its  pre- 
vious (Condition. 

Utmstial  Characters. — In  some  cases  the  pathologic  changes 


Plate  4. 


Croiipoys  poeumoDia,  at&ge  of  gray  bepaiitatioti  (Bollinger). 
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even  more  commonly  tlmn  suppuration,  Gangreoe  is  especially 
pmnc  to  ocnir  wht^n  the  extnlation  iiri  distinctly  hemorrhaj^^ic  and 
in  ^ises  in  wliieh  tlii^  ('irculation  is  specially  weak.  Finally  reso- 
lution may  be  delay erl  and  productive  changes  may  occur  in  the 


Pio.  I'ON  ^Induration  of  ibe  lung  (CKmiAcatlon)  fn  a  cAse  of  pneumonia  of  five  weeks' 
duraltfjTi :  n,  new  ivmntrtl ve  tlR-ue  of  the  septa :  h,  Intrtt-alveolar  pfoUferation  of  coanec- 
tlvt.'  ttMAuiL*;  r,  desijuumnkd  epitlu'lium  in  Che  atveoli;  c,  new  blood -veise Is ;  /,  lining  epl* 
thrlUim  of  llni  iiheuU  iKaufmannK 

Hfpta  and  even  within  the  alveoli,  Tliere  results  a  soliditieation 
(eariiifieatian)  of  the  lungs,  or,  as  it  is  termed, ^r<?u^  pneumonia 
(Fig.  2U8). 


Catarrhal  Broncltopneyifionja. 

Definition**— Catarrhal  Vtrnncho]ineumonia^  or  lobular  pneu- 
numia,  is  an  acute  inflaniniatory  af!'e<'tion  of  the  pulmonary  tissue, 
ocrurrinir  in  loealized  areas  ami  eoiLscquent  upon  inHainniation  of 
tlie  terminal  bronchioles.  In  most,  if  not  all,  eases  some  species 
of  Imcterium  is  the  immediate  cause,  Pathologjeally  the  disease 
\H  characterized  by  lutlammation  of  tlie  terminal  l»ri)rH^bioles  and 
by  exudatinn  into  the  alveoli  of  albuminous  liquid  eontainiuiij 
deftcjuamated  epithelial  cellsj  toi^cther  witli  n^d  blood-eorpuselcs 
and  leukfK-yt^s  in  varying  number  ;  elinicallyj  the  disease  is  marked 
by  an  indetinite  and  irregular  course. 

Etiology, — Catarriial  jmeumonia  may  be  produced  experi- 
mentally in  animals  liy  cansin^  them  to  inhale  steanj  or  various 
irritating  vapur^.  Still  more  eharact eristic  lesions  are  produGC^l 
when  the  vapors  inhaled  hold  decomposing  organic  matter  in  sus- 
pension. The  same  result  is  accomplished  by  eiitting  the  vague 
nerves,  as  a  consequence  of  which  the  vocal  bands  and  est>phagus 
are  paralyzed  and  irritating  secretions  and  partiele.s  of  fot>d  are 
conveyed  into  the  lung  by  inspiration.  In  man  tumors,  en- 
largements of  the  thyroid  gland,  or  inflammatonr^  exudatifm, 
may  cr^mpress  the  vagi  and  lead  to  forms  of  pneimionia  similar 
to  the  experimcntiil  pneumonia  of  dogs.     Somewhat  analogously, 
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in  the  late  stages  of  various  diseas<-',s  jKirtieles  of  food  and  raucous 
seeretious  may  sink  to  the  (h'penderit  parts  of  the  lungs,  or  may 
be  dmwii  in  l>y  the  inspiratory  air  uimI  set  up  taturrhal  pueu- 
nioiiia  in  the  parts  already  predispust^d  to  iuHammation  by  hy- 
pjstatie  eongei^tiou  (hi/ponffdir  ptftiuittfiiiti).  iH  tlu^  same  etio- 
logie  surt  arr  the  eataniial  pueumnuias  whieh  oreur  in  diphtheria, 
epithelioma  "d'  the  larynx,  aiul  inrianimatory  eonditiona  of  the 
mouth  and  pharynx,  in  whieh  irritating  i>ar tides  are  carrieil  to 
the  Hner  1>  rone  hi  hy  inspinitiou  {it.^jiira(ioti-pit('ff  mourn ;  tkght- 
fitum-puf'fnntmftf).  ( 'jitarrhal  pneuniouia  fif  this  kind  i,s  not  in- 
freipietit  in  the  new-born  as  a  result  of  vigorous  inspiratory  efforts 
luadr  whih^  th(^  lu'ad  is  deseending  through  the  vagina. 

Most  frerpient,  however,  of  all  forms  of  eatarrhal  broneho- 
pneumonia  is  that  whieh  ooeuri^^  in  the  course  of  meaHles,  whtH>|>- 
ingH'utigh^  influeuzaj  or  other  infectious  fevers  attendt.^d  with 
hrout^ntis.  The  manner  of  involvement  of  the  alvixilar  structures 
will  [HTstiitly  be  described  ;  fur  the  present  it  may  Ik*  siud  that 
tlu"  intlanmiatury  pro(*rss  exti-nds  frum  the  l>ronehi  by  continuity 
and  contiguity,  or  by  aspiration  of  irritating  i)ronclnal  set^retions. 

The  ininiediat4>  cause  of  catarrhal  pneumonia  is,  in  the  nuijority 
of  eases,  some  Itaeterium.  The  most  frequent  is  the  Diploeoccus 
jineumoniic,  wiiicb  occurs  in  over  50  per  r^ent.  oi'  all  cases,  cither 
alone  or  in  combination  with  the  Streptf>coeeus  pvogcnes,  staphy- 
loeoeci,  the  pucumococcns  of  Friedhinder,  the  bacillus  of  iuHuenza 
or  of  typhoid  fever,  or  the  Baeilhn  coli  ccvm munis.  Any  of  tlie 
other  forms  named,  and  especially  the  pyogenic  micrococci,  may 
cansi'  eatarrlial  pneumonia  sv  itbont  the  diph>coccus  of  Frankel ; 
bvit  in  the  ease  of  fevers  (typhoid  fever,  influ4'nza)  in  which  the 
specific  micro-cjrganisms  arc  fonnil,  tlu^re  is  usual ly  mixed  iuiec- 
ti*iii  with  the  Dijihieuccus  pn<'umonite. 

Pathologic  Anatomy. — The  lesions  vary  somewhat  in  dif- 
ferent eases,  and  we  may  <listijiguish  tlirec  iniiHU'tant  types,  the 
simple,  or  c»rdinary  catarrhal  bnmcliopncumonia,  the  hypostatic 
form,  ancl  uspiration-piunnnonia. 

L  Simple  Catarrhal  BrDnchopneumania. — The  lung  in  such  cases 
presents  more  or  less  distinct  cxttTual  ap]M'anmees,  On  the 
plennd  surface  may  be  seen  h>bular  areas  of  flark-  ^^r  light-red  or 
grayish  color,  wliieb  are  somewhat  elevatenl  ami  harder  thjin  the 
niirmal  bmg.  Surrounding  these  the  pulnn>nary  tissue  is  empby- 
sematons,  while  here  and  there  may  be  seen  dark-red  or  h*ad*col- 
ercd  an<l  sonicwbMt  depressed  areas  of  pidmonary  eoUajjsc  (atelc*'- 
tiisis).  The  hnig  as  a  wlnde  is  crepitant,  while  the  pncum«^nic  and 
atelectatic^  areas  are  consoliflated  and  airless,  and  sink  in  water. 
On  section  through  the  lungs  tlie  same  general  appearances  are 
visible,  though  the  consottdatixl  patches  are  most  abundant  m^r 
the  surfar^c.  H«itb  lungs  are,  as  a  rule,  involved,  and  any  portion  is 
liable  to  the  disease.     The  smaller  and  medium-sized  bronchi  and 
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the  ljroTn*!iioles  contain  miicopiirulpiit  setTetioii,  whieh  msiy  be 
sqiirozwl  out ;  \\u\  iiivais  i>f  ])i]oiiniuuic  constjlidiiticKi  are  jinif^r^th 
and  moi.st  on  tlie  suHitri'  of  M-ctiori^  or  exreptiotuilly  somowliat 
granular  as  a  rei^uJi  of  ailniixtiire  of  isonje  ii Urinous  piifuinonia. 
Owasionally  tlicro  may  i>p  puriform  lirpiid  or  ininaU  purultnt  col- 
k'tiioiis  around  th<'  lyronchiole  in  the  center  of  the  lol>nk\  The 
area  nf  eoliapse  (ateleetusis)  is  tlark-red,  as  a  rule,  and  on  pressure 
hlootly  liipii*!  exuilt'S, 

In  the  very  earliest  stages  «>f  the  dii?eaf^e  the  lobules  of  eon- 
sol  idation  and  enllajrs*'  may  lie  iuHiite*!  by  inserting  a  tnbe  intr*  the 
ljri>nelnis  siipplyirii^  tlie  [mrt  and  l>y  blowing  gently  into  it,  Later 
this  is  n(»t  pissible^  as  the  eonsohdaiiou  increases.  At  tlie  same 
time  it  is  notc^d  that  tlie  ctaisttlidated  art^iis  become  lighter  in  col<ir, 
until  at  last  they  are  grayish-yelkiw  ;  while  the  areas  of  eol lapse 
become  pntnnnttnic  and  present  a  srrjiilar  cliange  of  color. 

Mieros(*opitally  the  terniinal  bronchioles  ami  alveolar  (>a.sBages 
present  somewhat   swollen  walls  ami   contain  variable  amounts 


■•I 


Pio.  20y  — f  fltarrhal  pncumonin  [Karg  und  t^'hm*:»rl). 


of  fluid  exudate  containing  dea+ptaraated  cells.  In  the  areas  of 
consolidation  the  ah  cub  and  the  air-sacs  arc  tilled  witii  liquid  and 
variable  numbers  of  epithelial  cells,  red  eorpascles,  and  lenkocytes 
(Fig.  201)).  The  epithelial  cells  are  <les<|uamatcd  from  the  lining 
membraDe  either  singly  or  in  groups,  am!  there  is  evidence  tliat 
active  proliferation  is  taking  place  as  well.  In  most  eases  the 
ntimber  of  red  corpuscles  and  leukocytes  is  smnlb  but  in  ^m\e 
instances,  particularly  in  cases  in  which  strepttiM'CN'ci  an<l  staphylo- 
cocci are  operative,  the  exudation  may  be  rpiite  hemorrhagic  or 
later  purulent.     The  alveolar  sejita  regularly  present  eonside ruble 
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roond-eell  infiltration,  and  the  blood-vessels  are  suiTouniled  by 
emiornitofl  leukLK'jtt'.s.  The  hi ch^kI- vessels  in  the  septa  are  dis- 
tende<l  and   tortuous. 

The  atelet  tatiii  areas  presi>ut  even  greater  con^restiou  of  the 
bl<H id-vessels,  and  the  alveolar  cavities  are  4»l)literated  by  tlie  col- 
lapse of  the  walls,  or  contain  at  most  a  little  beuuirrhag'ie  exudate. 
Tne  epithelial  (*ells  tend  to  loj?e  their  ehanietenstic  shape  and 
btK^c^mt*  e u hoi  dab 

As  rcsifbitioii  advunees,  the  retbilar  exudate  bee^^nies  li^j^titer  in 
color  as  a  result  of  fatly  degeueration,  and  eveutiially  it  is  absorbed 
or  expectorated.  Coiueid*  ritly  tlie  niuud-erll  intiltnition  disap- 
pears fmui  the  sej»ta,  aud  tiie  pnlnuuiary  tissue  returns  to  the 
uortaub  exeeptiiijyt  that  the  epithelial  cells  of  the  alveoli  tend  to 
remain  more  or  less  enlxiidal  for  a  time. 

Pathog-enesis. — ^^Thc  nuiutier  of  development  of  the  lesions  is 
of  eitusidcral»lc  interest.  lu  tlie  onlinarv  catarrhal  brojicbnpueu- 
nniiii;t  ut*\v  under  discnssioji  there  is  always  a  primary  liroiiebitis 
of  the  terjninal  lu'iiucbioles,  a  hr 0^^:1(101  if Ih^  ur  (Utptihtrtf  hnnirhiit\ 
as  it  is  termed.  This  may  be  spix'ad  to  the  alveolar  structure  in 
several  ways.  In  luost  iust^uiees,  uo  doubt,  the  iuflarumatirm 
travels  clmvuward  ahuii^  tlic  broneliioles  to  tbcir  termination  by 
coutinuity,  or  outward  tlirou^rh  their  walls  to  the  surroiuuliu^ 
alvcidi  hy  e<»uti«j^uity.  lu  either  <'ase  there  results  a  pateh  of 
catarrhal  pneinnouia  surroundintr  J^i  tenninal  Ijronclnole.  I^ess 
eommouly  the  alfeeted  lobide  tirst  beeomes  at4dtH:»tatie  and  then 
pneumouie.  The  ateleetiisis  results  from  the  oljstrnetion  of  the 
bronr*luoles  by  nuicus  or  by  their  swT»lleu  walls,  aud  is  due  to 
the  ^^radual  absorjjtion  tri*  the  air  contained  within  the  alveoli  aud 
the  inability  oi'  more  to  (*uter  (see  Atelectasis),  8ubse*pieutly  the 
collapsed  area  l>eeomes  inflauied  by  the  entrance  of  nu cro-ori:^au isms 
from  tiie  bnuu'hioles  or  l)y  exteusiiui  of  surnKuiding  inflaunnation. 

Unusual  Characters.— M:»rked  variations  arc  seen  in  th(Mialure 
of  tl^e  pmeess  auil  in  its  distributitui.  In  some  instances  there  is 
but  little  pneumonic  consolidati<*n»  while  tlie  l>roncliiolitis,  or  capil- 
lary lironcfiitis,  is  a  strikinj^  icature.  In  other  eases  the  exudate  is 
decidedly  hemorrhagic  nr  purulent,  and  it  may  in  ceiiain  areas  be 
quite  fibrinous.  Re^anling  the  distrilnition,  the  most  striking 
variation  is  the  teudeuey  in  some  eases  to  lobar  involvement  by 
confluence  of  the  lolmlar  areas  ( fm'tftfofvhffr fmm). 

Associated  Lesions.- — The  constant  association  of  bronc^hitiB 
has  been  sufficicutly  noted.  Pleurisy  is  less  common  than  in 
fibrinous  pneumiuiia,  but  the  patches  ntar  thesurtace  are  frecpjently 
covered  with  fresli  plcuiid  exudation.  It  has  long  been  recognized 
that  purulent  pleurisy  is  nu^re  apt  to  fK?eur  after  ]mennu)nia  in 
chihlren  than  in  aflults»  aiul  in  m;my  of  these  castas  the  antecedent 
pneumonia  is  eatarrhab  ^\ldes|)^ead  toxie  and  infective  lesions 
may  oecur^  as  in  fibrinous  pneumonia. 
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Unueual  Terminations,^ — In  rasc.s  in  ^vhif-h  niifTo-ort^nismg, 
more  viriilnnt  tliaii  nsiml,  caiiso  the  pneumonia,  siippnratifm  and 
ganti^renc  niiiy  nsuU.  Fetid  and  jiHltareous  ibei,  or  purulent 
colleetinns  feurronnde^l  by  eunsideraldL*  ureus  of  congestiuu  and 
infiainroatory  edema,  result.  In  other  instanoes  the  pnx^es^s  of 
rett<ilution  i&  slow,  and  tibroid  overgrowth  of  the  septa  and  pro- 
life  ratitm  of  eonneetive  tissue  witliiu  the  alveoH  en^ue,  with  the 
prt^Kliietion  id"  more  f>r  less  extensive  selerotie  hardi*nin|r  anel  enn- 
traetion  of  the  hmg-stnieture.  Within  sneli  nnas  the  alveolar 
exudate  may  lie  for  a  long  time  as  a  fatty  mass  ;  l)nt  this  is  very 
unusual ;  and  true  caseation,  of  which  sti  inueh  was  formerly  said, 
does  not  occur*  The  instances  in  which  this  was  supposed  to 
have  oeenrred  were  eases  of  sidjsefpient  iniection  witli  tubercle* 
bacilli  J  or  eases  of  tuberculous  pneunHHiia  ffh  inifio* 

2.  Hypostatic  Pneumonia. — Tlie  bases  and  posterior  portions  of 
the  lungs  are  eunuuoidy  involved  in  these  cases,  TIjc  proeess 
CK;enr8  as  a  terminal  alieetion  in  many  diseases.  It  begins  as  an 
intense  hypostatic  congestion  and  hemorrhagic  edema  of  the  de- 
jjendent  partj^  of  th(*  lungs.  Suhnquently  the  irritants  which 
make  their  way  to  the  congested  area  thrtingh  the  bronchi  set  up 
a  ibrni  of  inflatmnatiou  of  the  ti-rniiual  l>ronehiohs  and  air-vesieles 
which  is  largciy  eatarrhat,  Imt  more  hl>rinous  thtin  ordinary  bmn- 
chopueumonia.  The  inflamriiatory  process  is  also  more  difiusei 
an<l  is  at  the  most  insignilicaiit  compared  with  the  antecedent  and 
associated  congestion  and  cilema, 

II  Aspiration'pneTimoma.~()f  the  dust  wdiieh  we  eonstantly  in- 
hale, the  greatest  part  is  arresti'd  in  the  uj>]M'r  air-pnssages  or  in 
the  larger  lironehi,  iuid  is  expectorati'ib  A  part^  hf>wever^  reaches 
the  finer  lu'etnehi  and  l)ronchioles,  and  sets  up  a  certain  amount  of 
local  irritation  ami  ctmgestion,  with  desquamation  of  epithelial 
<*ells  and  enugration  of  leukocytes.  Ordinarily  thest*  prrx^esses  are 
exceedingly  trivial  ;md  vuu  mndy  be  tlcmoustrnted.  In  persons, 
however,  whose  tMX-Upations  (f\  jy*,  steel-grinding,  eoal-mining, 
marble-cutting,  etc.)  sulij<"et  th<»ni  to  excessive  dust-inhalation  the 
puhnonury  changes  are  extensive  and  seven*.  This  is  one  form 
of  aspinition-bmnehopneumonia,  l>ut  the  irritation  nxrely  stops  at 
the  point  of  catarrhal  inflanuuation  ;  on  the  contnuy,  the  irritant 
jiarticles  jR^netrate  the  Malls  of  the  l>ronelii(des  and  are  distributed 
by  the  lymphaties,  eausrug  fibroid  ehangcs  of  greater  or  less 
(^\teut,  The  pueumr»nia  thus  prf)duced  is  tl»erefi>re  mor*'  properly 
considered  as  a  form  rd"  filirous  pneumonia  (q,  vj)^ 

In  the  course  of  various  affections  of  the  pharynx,  larynx, 
trachea,  and  bronchi,  as  well  as  in  cases  in  which  through  palsy 
of  the  lar^'nx,  or  tlirough  general  depression,  particles  of  foml  or 
secretions  of  the  mouth  enter  the  air-passagt\s  irritating  matters 
may  be  inspired  or  "  asjiinitcd "  into  the  finer  divisions  of  the 
bronchial   system.     There   resultii   intense    local    irritation,   with 
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catarrlial  inflaramation  and  consul i d at i*m.  The  exudat<i  la  largely 
epitheliiU,  but  more  often  serous,  lieniorrliagie,  or  purulent  than  in 
Bimplc  catarrhal  pneumonia.  The  eondition  may  he  e i re nm scribed 
to  small  patchesj  but  if  large  particles  are  aspirated  and  the  larger 
bmnchial  tubes  are  obstructed,  widespread  consul idat ion,  of  the 
character  described,  results.  The  inflaniniatory  process  in  these 
cases  of  aspiration-pneumonia  are  habitually  intense,  and  often 
terminate  in  suppuration  or  necrosis^  with  considerable  surround- 
ing hyperemia  and  edema. 

Cheesy  or  Tuberculous  Pneumonia. 

Definition, — Cheesy  or  tuberculous  pneumonia  is  an  acute  or 
Bubacute  form  of  pneumonia  caused  by  the  tubercle-bacillus,  and 
invoh'ing  lobular  areas  or,  by  confluence  of  such,  an  entire  lobe  or 
lung.  Pathologically  it  is  characterized  by  proliferation  and  des- 
quamation of  epithelial  cells,  infiltration  of  the  alveolar  septa^ 
and  finally  by  cheesy  necrosis  of  the  area  of  disease.  Clinically 
the  disease  presents  itself  as  a  more  or  less  acute  pneumonic 
tuberculosis.  Caseous  pneumonia  is  frequently  associated  Avith 
miliary  or  peribnrnehial  tubercles,  affecting  the  alveoli  adjacent 
to  tlie  tubercles. 

etiology  .^Cheesy  pnenrnoniu  as  an  independent  condition  is 
more  common  in  children  than  in  adults.  The  immediate  cause  is 
the  tubercle-bacillus.  Infection  occurs  by  rupture  of  a  tidvercu- 
lous  gland  or  cavity  into  one  of  the  bronchi  and  dissemination 
of  the  infective  material  throughout  the  lung*  Likewise,  bacilli 
may  be  inhaled  from  outside,  or  troni  tuberculous  foci  in  the  bronchi, 
larynx,  or  nose.  In  cases  of  disseminated  tuberculosis  of  the  longs 
areas  of  caseous  pneumonia  are  habitually  encountered  in  the  pul- 
monary structure  between  the  tubendes.  Finally,  infection  may 
take  place  through  the  blood,  but  the  ocrcurrence  of  caseous  pneu- 
monia rather  than  miliary  tuberculosis  in  such  cases  is  assuredly 
rare. 

Mixed  infection  with  Diplococci  pneumonia?  is  not  infrequent, 
but  it  is  not,  as  some  investigators  have  raaintaiued,  essential  to 
the  disease. 

Pathologic  Anatomy, — In  its  most  typical  form  caseous 
pneumonia  is  a  lobular  process  beginning  around  the  terminal 
ends  of  the  bn>nchioles,  where  tlie  infective  material  lodges.  The 
lung  presents  on  section  areas  of  consoli<lation  not  unlike  those 
seen  in  c^itarrhal  l*ronchopneumonia.  At  first  these  are  congested 
and  red  in  color,  hut  very  soon  degenerative  changes  cause  a 
grayish  or  yellowish  cohm  The  surface  of  section  is  usually 
smooth,  but  often  somewhat  gmnulnr  from  associated  fibrinous 
exudation.  When  abundant  infection  has  occurred  the  areas  may 
be  thickly  set,  and  a  lobar  form  is  thus  established  (Plate  6) ;  or 
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there  may  be  a  grathinl  invfilvenuint  i»f  now  areas,  reeriviiij^  their 
infeetioti  from  those  first  formed,  eausing  a  similar,  htit  less  uni- 
form, lobar  piieunumia. 

Caseous  pneumonia  shows  no  tendency  to  resolutionj  but,  on 
the  eontrary,  tends  to  progressive  eheesy  degeneration,  and  at  last 
to  the  formation  of  eavities.  The  entire  lung  may  be  riddled  with 
Bmall  excavations,  preBenting  ragged,  cheesy  walls.  Usually  the 
eavities  are  small,  even  though  there  be  few  ;  exceptionally,  large 
ones  arc  seen.  Though  resolution  does  not  occur,  limited  areas 
niiiy  be  healed  by  reactive  fibrous  overgrowth  springing  from  the 
alveolar  septa  and  encapsulating  the  diseased  area,  or  penetrating 
it,  and  transforming  tlie  whole  into  a  fibrous  mass. 

Mieroseojiieally  the  exudation  has  many  of  tlie  characters  seen 
in  catarrhal  bronehopnennionia.     Essentially  the  exudate  is  cellii- 
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FIQ.  210.— PerU)ronchlal  tubercle  of  the  lung  and  ca&cotu  j^eumonia  of  the  ft^jAoeilt 

alvtroU. 

lar,  and  is  principally  composed  of  large  epithelial  cells.  These 
are  the  desquamated  and  prolifenited  liniog-c^ells  of  the  alveoli.  A 
smaller  number  of  I'ed  bhxxl-eorpuscles  and  leukocytes  is  noted, 
but  they  are  unessentlah  Sometimes  a  fibrinous  network  may 
be  seen  in  the  alveoli j  but  quite  as  often  this  is  wholly  wanting. 
The  blood-vessels  are  engorged  at  first,  and  the  septa  are  infiltrated 
with   round   cells   and    spindle-eel  Is.     The  walls  of  the  blood- 
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Subacute  G4ifluoiiB  (iuboreuliius]  pueumonia  (Bollinger), 
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ycssels  themselves  may  be  thiokened  by  prolifemtion  of  the  con- 
nective tissue.  As  the  process  a<lvances,  the  eel  hilar  exudate  find 
the  alveohir  walLs  as  well  iinder^;*)  che<^sy  degeneration,  and  pi"e- 
sent  a  gran  alar  appeamnee  under  the  mieroBCope  (Fig.  210J* 

Associated  Z^esions. — Cases  of  typical  caseoas  pneuraouia, 
as  above  described,  arc  rare;  as  a  rale,  more  speeifie  tubercular 
lesions  (tubercles)  are  associated.  These  may  result  subsequent  to 
the  pneumouie  process  from  the  penetration  (»f  iufeetive  material 
into  tiie  lymphatics  and  its  <lisseniination  along  these  channels ; 
or  tlie  sj>ecific  tufiercles  may  antedate  the  assoeiatefl  easeous  pneu- 
monia. The  smaller  bronrld  are  commonly  attacked  in  association 
with  caseous  pneumonia,  and  tubercuiar  l)ronchitis  and  pt^ribron- 
chitis  tending  to  cheegy  change*  result.  Tlie  plerini  may  be  cov- 
ered witfi  inflammatory  exudation,  or  nuiy  present  ndhiiry  tubercles 
over  the  area  of  disease.  Associated  pleural  itivolvemcnt  is  e_^spe- 
cially  crvmnum  1x4 ween  the  lobes.  Tlie  lymphatic  glands  nf  tlie 
anterior  mediastiniun  and  around  the  bronehi  are  frequently  en- 
larged, and  may  be  cheesy  in  the  later  stages. 


Fibrous  Pneumonia. 

Defitiition. — Fibrous,  or  productive,  pneumonia  is  a  chronic 

tjrocess  resulting  from  eojitiuued  irritation,  and  involving  small  or 
arge  areas  of  the  pulmonary  structure.  Pathologically  it  is 
characterized  by  overgrowth  of  connective  tissue,  and  clinically  it 
is  markeil  by  signs  (»f  more  or  less  extensive  mechanical  im|iair- 
ment  r>f  the  pulmonary  functions. 

Classification.^— Several  quite  distinct  f(>rms,  depending  njKjn 
diffident  ukkIcs  i>f  causation,  uiay  be  described.  The  principal 
varieties  are:  (1)  the  pneumouidv<mioses,  or  fibrous  pneumonias, 
due  to  dust-iuhalation  ;  (2)  the  secondary  indurative  pniuimonias, 
such  as  sometimes  follow  croupous,  catarrhal,  or  caseous  pneu- 
monia, or  more  frequently  chrimic  congestion  fif  the  lungs  or 
atelcctiisis ;  (8)  plenrogenetie  fibmus  pneumonia,  in  which  the 
process  arises  by  extension  of  chronie  pleural  ilisease ;  and  (4) 
peril>rouchial  and  perivascular  fibrous  pneumonia,  in  which  the 
process  follows  the  bronchi  an<l  pulmonary  arteries. 

1.  Pneumonokomosis. — ^Of  the  dust  we  constantly  inhale,  but 
a  small  part  n^aebcs  the  finer  divisions  of  the  bivmchial  tree. 
Most  of  it  adiieres  to  the  walls  of  the  upper  respirator}'  tract  and 
is  ilischarged  with  tlu'  sputa,  <'ither  free  or  enclosed  in  li'ukcH-ytes 
or  epithi'lial  cells  (thiHUiH'lh ;  HfanhzcUen),  Wh*'U  fine  particles 
reach  the  teruiinal  bnmchiolcs  tliey  o<*casion  eatarrhal  inflamma- 
tion, marked  by  proliferation  of  the  epithelium  and  exudation  of 
leukocytes.  These  cel!s  may  t*n vel op  the  irritant  particles  and 
remove  them  through  the  expeetoratifin.  When,  however,  the 
dust  has  shar|»  iM]gt*s  (as  in  coidnJust,  inui-dust,  marl>le-dust,  etc.), 
and  especially  when  the  quantity  inhalett  is  considerable,  removal 
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by  expectoration  becomes  more  difficult.  In  such  cases  the  foreign 
particles  penetrate  the  walls  of  the  bronchioles  and  alveoli,  passing 
between  the  epithelial  cells.  They  may  be  arrested  in  the  alveolar 
septa  and  in  the  tissue  surrounding  the  bronchioles  by  the  for- 
mation of  a  zone  of  inflammatory  exudation,  which  eventually 
organizes,  forming  a  fibrous  capsule.  Some  of  the  particles,  how- 
ever, move  along  the  lymph-spaces  into  the  Ivmphatic  vessels, 
being  carried  by  leukocytes  or  floating  free  in  tlie  liquid.  These 
particles  may  be  arrested  at  various  points  along  the  lymphatics, 
and  may  occasion  fibrous  thickening  of  the  vessels  or  of  the  peri- 
lymphatic tissue.  The  greater  portion,  however,  passes  to  the 
lymphatic  glands  at  the  root  of  the  lung  and  surn>unding  the 
bronchi,  and  indurative  enlargement  of  these  structures  results. 
In  exceptional  instances  the  irritant  particles  may  be  conveyed 
still  further,  being  deposited  in  the  glands  about  the  smaller  curva- 
ture of  the  stomach  and  beneath  the  fissure  of  the  liver.  This 
unusual  distribution  in  a  direction  opposite  the  usual  lymphatic 
current  is  explained  by  the  assumption  that  obstruction  of  the 
larger  pulmonary  lymphatics  causes  a  reversal  of  the  current. 
Metastatic  distribution  of  dust-particles  may  also  be  due  to 
rupture  of  one  of  the  aiFected  lymphatic  glands  into  a  vein. 

Pathologric  Anatomy. — The  appearance  of  the  lung  varies  with 
the  amount  of  dust  inhaled  and  with  its  nature.  In  cases  of 
moderate  degree  small  areas  of  fibrous  thickening,  with  puckering, 
are  the  only  abnormality.  On  section  these  are  found  to  be  hard 
and  of  grayisli  color ;  often,  however,  darkly  pigmented,  owing  to 
the  character  of  the  particles  inhaled  as  well  as  on  account  of  the 
formation  of  hemorrhagic  pigmentation.  The  fibrous  tissue  may 
be  arranged  in  a  stellate  fashion,  or  concentrically  around  a  nucleus 
of  foreign  matter.  Secondary  changes  are  not  uncommon  ;  calci- 
fication is  frecjuently  observed,  and  true  bone-formation  is  occa- 
sionally noted.  Such  areas  of  localized  pncunionokoniosis  are 
very  commonly  met  with  near  the  apices. 

More  extensive  induration  is  rare,  and  is  rather  more  frequent 
at  the  bases.  Large  areas  of  induration  may  completely  de- 
stroy the  vesicular  character  of  the  Inng-structure.  Firm  bands 
of  connective  tissue  may  follow  the  bronchi  and  radiate  into  the 
peripheral  ]K)rtions  of  the  lung,  or  thickened  trabeculte  may  pass 
from  tlie  pleural  surfiu'c  toward  tlie  anterior,  or,  again,  a  more 
uniform  selero;iis  may  exist  throughout  the  organ.  The  org-an  is 
contracted  ;  tlie  pleura,  as  a  rule,  is  thickened  and  drawn  inward  ; 
and  the  bronchi  may  be  widely  dilated  as  a  result  of  the  tmction 
of  the  contracting  connective  tissue  and  as  a  consequence  of  accumu- 
lating secretions  within.  Extensive  adhesions  to  the  chest-wall 
often  cause  deformities  of  the  chest,  and  the  pericardium,  heart, 
and  other  mediastinal  structures  may  be  drawn  from  their  normal 
positions. 
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In  nire  cases  the  epithelium  nt  the  alveoli  ami  tiiier  broncf 
prolifeniteSj  and  hiter  iinderjLi;(»es  a  eertaiii  amoimt  of  tktty  ile^eo- 
emt ion,  giving  risetoiin  appearance  not  unlike  caseation.  In  still 
other  cases  neerosis  and  suppuration  and  eavities  (nun-tuhurerdar) 
are  ohserved, 

Mn\roHCO}tiv(tlhf,~\n  t\w  heginning  stages  roiMid-eell  infiltratinn 
and  eonnective-tissiie  pn>liferatio!i  may  be  seen  ar^mnd  tlie  foreign 
partieles  in  tlie  scpta>  and  a  certain  anionnt  of  eatarrhal  intiani- 
raation  may  be  present  in  the  alveoli.  Sharp-edged  particles  ottcn 
04X'asion  small  heniorrfiages.  In  the  later  stages  dense  selerotic 
tissue  characterizes  tlie  jircwcss.  IVtitifenHive  inflammation  of  the 
epitheliuiii  t)(  th(*  alveoli  may  hv  pres(*nt,  but  more  often  the  cells 
undergo  atrophy  and  disappear. 

Varieties. — -Certain  varieties,  ilependent  optm  the  kind  <ifdust 
inhaled,  have  been  described.'  The  term  anfJmwmiii  is  applied  to 
those  instances  in  which  co;d-dnst  is  the  irritant.  To  a  moderate 
extent  this  is  si-en  at  every  autopsy  c^n  persons  of  adult  age,  but 
the  eases  in  wljieh  conspicuotis  sclerosis  lias  occurred  fron*  this 
cause  are  met  with  only  in  coal-miners  antl  cithers  of  similar  <tceu- 
piition.  The  lung  is  of  a  marl)lc-like  or  slate-like  appearance,  and 
tlie  lymphatic  glands  around  the  Ijronehi  are  intensely  pigmented. 
SifhromA  is  the  designation  of  the  cases  of  pneumt^nr^koniosis  due 
to  Jron-dust,  as  seen  in  grinders,  fminders,  etc.  Ctm/tt'osiH  is  the 
term  applied  to  the  form  due  to  stone-thist,  as  seen  in  potters, 
marble- cutters,  etc. 

The  variety  of  pignient  may  be  distinguished  by  microchemical 
reactions. 

2.  Secondary  flbrous  pneamonia  sometimes  occni^  after  crou|>- 
ons  or  eatarrhal  pncumunia,  <tr  atchrtasis,  and  in  these  eases 
ap]>ears  in  the  hinn  of  uniform  or  locali/cd  induration  of  the  pul- 
monary structure.  It  is  due  to  reactive  inHammation  cd' the  septa, 
ciitising  thi*'kening  r>f  the  latter,  as  well  as  proliferatiun  within  the 
alveolar  exu<late.  Sinnlar  reactive  fibrous  chunge  is  t^vvn  in  sf)me 
cases  of  caseous  pneumonia,  and  in  (•lironie  phthisis  the  cavities 
are  cjuite  generally  walled  In-  filu'ous  tissire.  Finally,  ehnmic 
congestion  of  tlie  lung,  sueli  as  iw-eurs  iti  valvular  diseases  of  the 
heart,  partictilarly  mitral  disease,  fn'quentiv  leads  to  diffuse 
selen.jsis  of  the  lung.  Such  cases  art^  distinguished  by  chtatation 
of  the  veins  and  l>v  licniorrhagie  pigmentation. 

3.  Pleurogenic  fibrous  puenmonia  is  an  cK-aisional  eonseqneuce 
of  chronic  jileurisy.  The  lung  presents  on  secti<in  flense  tra- 
becnhiB  of  librons  tissue,  wliich  exteiul  i'rom  the  thickened  and 
sclerotic  pleura  (h'cp  into  the  pulmonary  structun'  (Fig.  211), 

4.  Peribronchial  and  perivascular  fibrous  pneumonia  may  be 
a.ssoeiated  with  the  pleurogenic  form,  t»r  the  overgrowth  of  con- 
nective tissue  around  the  lirom-hi  and  vessels  mav  start  at  the 
nxit  of  the  lung  and  extc^nd  toward  the  jjeriplMTV.  The  latter 
form  has  been  described   Ijy  some  observers  as  especially  liable  to 
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'  result  fronv  Fvpbilis.  Mure  moderate  jHTil>rum:ljiul  and  j>cri vas- 
cular fibrous  pueumonia  (M'fiirs  in  assneiation  Mith  other  fV>rm^,  as 
the  pneunuimik^miosets  ami  src^nutlarv  fil)riius  pneumonias,  but  in 
these  cases  it  is  but  a  niiuur  part  i>i"  the  process* 


Fie.  211.— Fibrous  pneumonia  seeondnry  lo  cUrtmic  pleurisy  ^Xaufhiann). 

Congenital  Syphilitic  Pneumonia.— A  form  of  producHvr  pneum&nia^ 
is  dii^tingiiijibed  trom  librniii'  jimuiiionia  in  the  strict  sense  that  the  hitter 
ll  characterized  by  foniiation  of  scltTotic  fibrous  tissue,  is  met  with  in  con- 
genital syphilis.  This  is  t\\i£  pnetimoma  alita  of  some  writers.  It  is  chariic- 
terized  by  great  proUferfttion  of  round  and  irregular  eoiHiective-tissue  cells, 
with  more  or  less  niultipJication  and  degcntTalion  of  epithelial  cells  in  the 
alveoli  and  bronchioles.  The  lung  is  s«did,  airless,  and  white  in  color. 
Ounimata  niav  be  associatMl. 


Pyrulent  Pneumonia. 

Definition. — Pnruh^ut  pneuiUMuia  i^  ;m  acute  form  of  pneu- 
mr^Tiia  <?ause4l  l>y  pyo^enie  miem-orgiiiiiyras.  I^itboloirieally  it  is 
cbaracterlzetl  liy  juinilent  ami  lunuorrbarrie  cxurhitirui  in  the  eou- 
neetive  tissue,  lyuijdiatic  ebauuels,  or  tenninal  brnDchirdes  ami 
alveoli  ;  aud  eliuically  it  is  uiarktHl  by  evlih^uees  of  intense  septic 
infection  as  well  as  of  great  pulmonary  emlmrrast?raent. 

Tiie  infection  in  purulent  pneumonia  may  reach  the  lungs 
through  the  bn^nebi  (brnn(*hngenic),  the  blood-vessels  (hemato- 
genic), or  the  subpleural  lymphatics  (pleurogeutc  f»r  lympbogenie). 

Bronchogenic  purulent  pneumonia  bus  already  been  referred 
to  in  t!ie  description  of  fihritious  pneimionia  and  mtarrhal  hron- 
ehopneumonia.  It  is  partirularly  frequent  in  the  latter,  in  some 
eases  of  which  con^iden^blc  purulent  exudation  may  be  seen  in 
the  alveoli  or^  in  the  form  of  small  purulent  collections,  in  the 
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lEtervesicular  septa.  These  are  ins^taiices  of  intense  infection,  and 
the  majority  of  8uch  case8  are  due  to  the  Strpptottoecus  pyogenes 
or  to  staphylococci.  The  pueumocoeous  may,  fiowever^  be  ioimd 
alone.  The  most  decided  purulent  bronchopin'umouia  is  serii  in 
instances  of  aspiration -pneumonia  secondary  ton  suppurative  proc- 
ess in  the  upper  respirator)-  jmssagcs,  in  whirh  particles  of  iufee^ 
tive  material  are  inspired  and  Iwlge  in  the  bronchioles. 

Purulent  pneumonia  is  rarely  met  in  the  course  of  fibrinous 
pneumonia^  but  sometimes  occurs  as  a  terminal  condition.  Ab- 
scesses of  considerable  size  may  be  tbrn^ed. 

HemELtogenic  pamlent  pneamonia  is  secondary  to  suppuratix^e 
or  gangrenous  processes  in  other  parts  of  the  IkkJv,  aiid  is  a 
manifestation  of  pyemic  infection.  It  is  frequeot  in  }>ucrperal 
septicemia,  in  sup[)urative  osteomyelitis,  and  like  conditions. 
The  micro-orgaoisms  are  carried  by  tixe  veins  to  the  right  h*^ait, 
and  mav  first  set  up  malignant  end<x'arditis,  tVom  which  embolism 
takes  place,  or  they  mav  pass  directly  tii rough  the  right  lu^art  to 
the  lungs.  As  a  ride  the  mie^>^>rganisras  in  question  are  either 
streptoco(*ci  or  staphylococci  ;  but  in  certain  s pec i tie  infections 
(as  typhoid  fever)  the  spt^cifie  organisms  jnay  aloiic  occasion  puru- 
lent puennionia. 

When  large  embolic  masses  reach  the  lungs  occlusion  of  larger 
branches  of  the  pulmonary  artery  occurs  and  hemorrhagic  infarcts 
are  formed.  In  the  t^rliest  stages  these  appivtr  as  more  or  less 
well^circumscrilKd  areas  of  hemorrhagic  inilltration  of  dark-i-ed 
color,  A^ery  soon  change  of  I'olor  o(*t'urs,  and  the  fo<:i  alter  to  a 
gniyish,  then  a  yellowisfi,  rolor»  and  finally  litpiefy,  forming  suj>- 
purative  cavities,  with  irrrgular  walls.  T!ie  lesion  at  this  stage  iTvn- 
stitutes  what  cliuiciaus  dcH'ribe  as  (rlhstUHs  of  Ike  Aiiif/,  and  tliough 
such  abscesses  may  result  from  fibrinnns  pneumonia  nv  other  con- 
ditions, the  most  frcfjueut  variety  is  that  following  embolism  or 
thrombosis  of  the  pulmonary  arterv.  Tire  tissue  around  the  abscess 
is  intensely  engorgrd  and  ethMtiatuu.'-,  ami  n«»t  rarely  quite  hemor- 
rhagic. Mic^rosciipically,  it  juvs*'nts  the  apiHiinnices  of  a  catarrhal 
and  hemorrhagic  jmeunumia.  The  abscesses  frequently  break  into 
the  brtiiiehi  and  discharge  their  eontt  nts ;  more  rarely  rupture  into 
the  plund  sacs  occurs.  The  plf^ura  itself  is  intensely  inflamed  over 
the  endxilic  areas,  and,  as  a  rule,  is  covered  with  iibriuo-pundent 
exuflate.     Kxtensive  purulent  pleurisy  {mtptiewa)  may  oreur. 

When  the  micro-organisms  reach  the  lung  in  a  more  dissemi- 
nated manner  they  pass  at  once  to  tlie  smaller  artcri«>les  and  capil- 
laries. Embolic  infarcts  nw  wanting  in  such  ca.^es,  but  there  is 
difTuse  serous,  hemorrhagic,  catarrlial,  and  purulent  exudation, 
which  causes  eon  sol  illation  of  a  somewhat  gelatiuous  character. 
Small  foci  uf  sujipnratiou  (miliary  abscesses)  may  be  seen,  and  the 

fairulcut  process  may  visil»ly  extt^id  to  neighboring  parts  i>f  the 
uug  along  tlu'  lymphati*'  vessels. 

Terminations* — In  either  of  the  above  forms,  the   localized 
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embolic  or  tho  diffuse  necnjsis  or  ^n^TCiie  of  the  piilmonarv  tissue 
mjiyoeeur.  Occ'iisionally  recovery  takes  place  l>y  ahsorptioii  of  the 
purulent  exudate  or  bv  its  discliarge.     Ah  a  rtile,  the  disease  is  fatal. 

PlettrogBnic  purulent  pneumoiila  follows  intense  pleurisy,  usu- 
ally of  purulent  type.  lufeetiou  of  the  subplcural  iymphaties 
tirs^t  ensues,  and  later  the  purulent  process  extends  into  the  lung 
within  a Ufl  around  thejse  vessels  {purulent  iijmphaugiitH  nud  pm- 
hfmphiiugith)^  in  the  form  of  yellowish  streaks  or  bands,  which 
eurround  the  veins  and  bronchi  and  follow  the  interlobular  Hbrou3 
tissue  in  various  directions.  The  lobules  of  the  lung  may  be  so 
poshed  apart  that  the  term  pnenmmim  fftmi-raiu  is  quite  applicable* 
Tl*e  proper  substance  of  the  lung  adjoining  the  paths  of  purulent 
invasion^  and  under  the  pleuni,  frequently  shows  the  same  form  of 
hemorrhagic  and  purulent  pneumonia  as  occurs  in  the  diffuse 
hematogenic  form. 

Associated  Lesioos. — ^Wides^read  pyemic  and  toxic  lesiona 
are  often  ibund  in  association  with  purulent  pneumonia,  but  they 
are  often  merely  coincident  results  of  the  same  primary  disease 
to  which  the  pneumonia  owed  its  origin,  rather  than  the  conse- 
quences of  the  purulent  pneumonia  itself.  Secondary  infei^tions 
may,  however,  o^JCU^,  such  as  malignant  endmvarditis  of  the  left 
side  of  the  heart,  septic  nephritis,  and  the  like. 


OANQRENE. 

Gangrene  of  the  lung  results  from  tlie  action  of  putrefactive 
micro-organisms  in  necrotic  areas  of  the  lung- tissue.  It  may  be 
the  consequence  of  direct  extension  of  carious  etmditions  of  the 
ribs  or  other  adjacent  bony  structures  through  the  pleura  into  the 
lung,  or  of  the  extension  of  necrotic  proeess*\s  from  ulcers  or  can- 
cerous disease  r>f  the  esophagus  or  stonuieh.  In  other  eases  the 
infective  materials  reach  the  lung  through  the  inspin'd  air,  coming 
from  ulcerative  processes  in  the  upper  air-passages,  or  tmra  with- 
out. When  foreign  bodies  lodge  in  the  bronchi,  or  the  latter  are 
obstructed  by  the  pressure  of  tumors  or  aneurysms,  there  may  be, 
first,  more  or  less  congestion  and  pneumonic  eonsolidation,  followed 
by  secondary  infection  and  gangrene.  In  still  other  instances  the 
infective  material  reaches  the  lung  through  the  blood,  imd,  finally, 
gangrene  is  sometimes  a  terminal  prcK-ess  in  pneumonia,  tubercu- 
losis, and  hemorrliagic  infarction  of  the  lungs.  Certain  general 
conditions  predispise  more  or  less  to  it.  Thus  in  diabetic  indi- 
viduals congestions  or  pneumonia  are  prone  to  terminate  in  this 
way,  and  engorgement  of  the  veins  or  passive  hyperemia  always 
renders  the  lung  more  liable. 

Pathologic  Anatomy, — (gangrene  may  appear  as  a  circum- 
eeribed  or  diffuse  prm^ss.  In  the  former  instances  more  or  less 
extensive  arenas  of  lung  present  a  dark,  r^'ddish,  brow^nish,  or  eveo 
greenish  appearance,  and  are  surrounded  by  a  zone  of  intense  coo- 
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gestion  m  of  pnt^iinionic  consolidation,  often  of  purulent  or  hemor- 
rhagic type.  Tlio  diseased  purt  is  soil,  piilt:i«reoim,  and  i\m\  in 
odor.  Later  it  may  break  down  intt*  a  putrid  mass,  and  uiay  dis- 
charge thr<3Ugli  the  hronehial  tubes,  sexY-re  pulmnuury  heiuorrhages 
sometimes  wx^urring  at  the  i^ame  time.  Tiie  ijronehi  and  the 
blood-vessels  often  escape  the  proces^e,  and  may  pass  through  the 
gangrenous  area  without  being  themselves  material fy  affected; 
but  usually  the  bronchi  are  penetrated,  and  the  blfKxl- vessels,  after 
they  become  oeeludcfl  by  thrombosis,  sutler  the  fate  of  tlie  other 
tisaues.  Tlie  prtHX'SS  may  extend  w  idely  i'rcim  a  single  ibeus,  or 
reactive  inrtanunation  may  estaldisb  a  tibnius  capsule,  and  aftcT 
discharge  of  the  gsingrenons  material  through  the  lironchi,  healing 
by  the  formation  of  a  scar  may  terminate  the  disease. 

Diffuse  gangrene  dm^s  not  ditfer  much  in  its  general  appear- 
auces,  l>ut  is  less  intense  and  in  general  more  widespread*  The 
atleetcd  area  is  of  a  dark-red  or  gn.^enish-blaek  color,  soft,  and  edem- 
atous, or  sometimes  dry,  and  has  a  somewhat  fetid  odor,  as  in 
the  circumsenbed  form,  Spot>5  of  hemorrhagic  infiltration  and  of 
softening,  with  formation  of  cavities,  may  be  noted. 

The  sputa  in  gangrene  are  mucopurulent,  of  a  yellowish^gray 
or  brownish  color,  and  intensely  fetid.  WHien  placed  in  a  conical 
vessel  they  sej>arate  into  t!u't?e  layers  :  the  u]i]>er  frothy,  the  lower 
pnriform  and  brownish  in  color,  and  the  middle  layer  more  Hnid 
and  vellowish. 


INFECTIOUS  DrSEASES, 
Tuberculosts. 

Tuberculosis  of  the  lungs  is  usually  a  local  process  at  first,  but 
in  many  cases  becomes  gcnerali?5ed  by  subsequent  spread  of  the 
infection.  Sometimes  the  pnlmonary  disease  is  from  the  beginning 
only  a  part  of  a  general  tubereulusis, 

lufeetion  o^  the  lungs  o<»(*urs  through  the  bronebial  tubes 
ifftouchof/etnr  /w6ercr(/tw«M),  through  the  bltHxl- vessels  (hcftiogenie 
tul/en'tdosk),  or  tlirough  the  lymphatic  system  (lymphogenic  tuber- 

1.  The  first  of  these  three  modes  of  infection  is  probably  far 
more  frecpient  than  the  other  two  cojulnned.  The  tubercle  baeilhis, 
disseminated  by  the  drying  of  sputa  or  other  infectetl  disebarges 
from  tnl>ercuIou5  patients,  is  carried  directly  to  the  lungs  in  the 
inspiretl  air  or,  more  rarely,  it  may  lodge  in  tlie  pharynx^  upper  air- 
passages,  or  bronchi,  and  prfrtluce  primary  tulM^rtndons  lesions  from 
which  the  hmgs  are  secondarily  aiiccted.  Immediate  infection  of 
the  lungs  is  more  freipient  than  the  secondary  form. 

2,  Ilemogenic  infection  is  clearly  cviilent  in  cases  in  which  a 
tnberculoiis  disease  of  some  other  jwirt  (as  the  l>ronchiaI  glands, 
prostate,  bones,  etc)  has  become  generalized  by  entrance  of  the 
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tubercle  bacilli  into  the  circulation  and  in  which  tuberculous  lesions 
make  their  appearance  in  various  parts  of  the  body,  including  the 
lungs.  Sometimes  the  point  of  rupture  of  a  tuberculous  focus  into 
a  vein  has  been  demonstrated.  The  bacilli  entering  the  venous 
circulation  are  carried  through  the  right  heart  to  the  lungs,  and'are 
for  the  most  part  arrested  in  these  organs,  when  finely  divided  in 
the  blood  some  may  pass  through  the  pulmonary  circulation  and 
may  thus  be  distributed  widely  through  the  body.  In  many 
cases,  however,  the  lungs  arrest  all  the  bacilli  and  become  affected 
without  general  tuberculosis.  Sometimes  perhaps  the  lungs  are 
infected  through  the  vascular  channels  without  preexisting  lesions 
elsewhere.  This  may  occur  when  tubercle  bacilli  traverse  the 
mucous  membranes  and  enter  the  circulation  without  causing  a 
primary  lesion  at  the  portal  of  entrance.  How  frequently  this 
may  happen  cannot  very  well  be  estimated,  but  many  facts  speak 
in  favor  of  its  not  infrequent  occurrence.  Tuberculosis  of  the 
mesenteric  glands  without  intestinal  lesions  is  not  imcommon,  and 
cannot  be  explained  except  on  the  assumption  that  the  bacilli 
passed  througn  the  mucosa  and  into  the  lymphatics  without  causing 
a  lesion  at  the  portal  of  entrance.  Other  facts  (as,  for  example, 
the  occurrence  of  primary  tuberculosis  of  bones)  indicate  that  the 
bacilli  may  be  distributed  widely  in  the  circulation  without  local 
lesions  at  the  places  where  they  entered  the  body.  Lung  tuber- 
culosis can  doubtless  occur  in  the  same  way,  and  some  authorities 
believe  this  a  frequent  mode  of  infection.  In  view  of  the  demon- 
strated intercom municability  of  human  and  bovine  tuberculosis 
the  possibility  of  pulmonary  infection  from  the  consumption  of 
tuberculous  meat  and  milk  and  the  passage  of  the  bacilli  through 
the  mucosa  of  the  digestive  tract  is  apparent. 

In  some  cases  of  hemogenic  tuberculosis  the  bacilli  gain  en- 
trance to  the  blood  in  an  indirect  manner,  as,  for  example,  when  a 
lesion  of  the  abdominal  or  thoracic  lympli-glands  i)enctrates  tlie 
thoracic  duct.  The  bacilli  carried  in  the  lynipathic  stream  pass 
through  the  thoracic  duct  and  eventually  roach  the  blood  and  are 
disseminated  in  the  lungs  and  other  organs. 

Localized  hemogenic  tuberculosis  of  the  lungs  may  occur  when 
an  old  tuberculous  lesion  of  the  lung  or  a  caseous  bronchial  lymph- 
gland  penetrates  a  branch  of  the  pulmonary  artery  and  thus  dis- 
seminates bacilli  in  the  lungs.  This  mode  of  occurrence  of  the 
disease  in  the  lung  is  rarely  observed. 

3.  Lymphogenic  infection  of  the  lungs  is  secondary  to  tuber- 
culous pleurisy,  tuberculous  bronchial  lymphadenitis,  mediastin- 
itis,  etc.  In  these  cases  the  pleural  and  subpleural  lymphatics 
become  infected  and  the  process  spreads  along  these  channels  to 
the  lungs. 


DISEASES  OF  THE  EESPIRATORY  SYSTEM. 


517 


Bronchoi^enic  Tuberculosis. 

Larger  masses  of  inteotive  miiU'rial  inliak'd  in  respiratian  nmy 
lodge  ill  the  hnmehi  or  largt*r  l>ronrliioles  and  set  up  tubereulmis 
uleeriitions,  from  wliicli  smaller  [lartieles  niiiy  Ik*  seeondarily 
aspirated  into  the  finer  divisions  of  tlie  broorliial  tree.  Such  an 
(X'currence,  liowever,  is  extremely  rare.  More  ctnnnionly  the 
tuherele-baeiili  are  iidiah'd  in  a  Fiate  of  extreme  disseioinaiion, 
and  are  not  arrested  until  tliey  reat*li  t!ie  point  of  divif^ion  t)f  the 
terminal  hroiiehioles  into  the  alveolar  passages.  One  of  two  results 
may  occur  at  this  point :  either  there  is  set  up  a  limited  area 
of  enseous  or  tubereulous  pneumonia,  or  the  baeillng  penetrates 
between  the  epithelial  eells  without  produeing  a  definite  intra* 
alveolar  lesion  and  causes  speeiJie  tubereuhir  changes  in  the  peri- 
alveuhir  and  peribronchial  connective  tissuei?  (miliary  tubercles). 
It  has  been  the  occasion  of  some  dispute  among  pathologists  to 
decide  wdiich  of  these  j>rocosses  is  most  apt  to  arise  when  the  in- 
fection occurs  through  tlie  bmnelu'al  tul)es,  Undoubte<lly  iioth 
kinds  of  ehange  nmy  take  j)lace,  and  it  seems  likely  that  in  nearly 
every  instance  there  is  a  mixture  of  the  two  Ibrnis.  When  the 
infective  material  is  in  great  alinndanee  and  is  partietilarly  virulent, 
and  in  eases  in  which  the  individual  is  especially  vulncrahh',  ease* 
ous  pneumonia  predominates  over  the  formation  of  tubercular 
nodules^  On  the  other  han<l,  a  less  abundant  infection  or  greater 
resisting  power  on  the  part  of  the  in<lividual  determines  a 
greater  liability  to  the  formation  of  nodules  and  leas  likelihoud 
of  extensive  casecius  pneumonia.  Wlnehever  lesion,  h^>wever,  is 
primary,  the  other  .?oon  beeomes  assoenated.  ThuSj  if  the  epithelia 
of  the  ah'eoli  are  first  affected  with  profluction  of  caseous  pneu- 
monia, the  peri -alveolar  connective  tissnes  are  soon  involved,  and 
tubercles  form  in  kx^o^  ur  by  disseniinatiiin  of  thi-  baeilli  along  the 
lymphatie  channels  of  the  peri -alveolar  e(»nneetive  tissues^  tubercles 
appear  at  some  distance  from  the  first  lesion.  The  alveoli  c\m- 
tiguons  Uy  such  secondary  tidM-reles  may  in  the  next  place  become 
involved  in  caseons  ]>neumonia.  When  the  primary  lesion  is  a 
tuberele  in  the  j>eri-a1veolar  connective  tissue,  the  adjacent  alveoli 
in  the  same  manner  suifrr  caseous  pneumonia.  Thus,  the  disease 
spreads  through  neighboring  lobules  and  in  time  affects  consider- 
abk^  areas  of  the  lung. 

Degenerative  changes  soon  make  their  appeaninee.  The  areas 
of  pnennionJa,  which  began  as  small  foei  or  as  hirger  areas  of  lobu- 
lar tnl>ereuhi[is  pneumonia,  change  their  color  from  a  grayish  to  a 
yellowish  color  and  become  comj)letely  easeated  ;  while  the  second- 
ary tubercles  in  the  neigliborhood,  or  those  wliieh  were  primarily 
f(»rnied,  similarly  become  opaque  and  lustcrless,  and  finally  yellow- 
ish liy  caseation.  This  tendency  to  caseons  necrosis  is  one  of  the 
most  prominent  and  characteristic  features  of  tuberculous  tissues^ 
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anri  has  ocwisioiierl  no  little  investigatkni  and  eoiitroversy  to 
establish  its  raiisiitioti.  Little  doubt  t\n\x  exists  that  two  factors 
play  a  part  :  first,  the  lack  of  adequate  bkMxl-siipiily,  and,  t?econdp 
the  speeitie  aetion  of  tlie  tuherck-bacillus.  The  IjlomJ-vessels  in 
caseous  pneumonia  or  in  the  tiil>ereles  are  inade»|nate  to  Biipply 
sufficient  nyurishmeiit  tu  the  tissue.  In  the  puenmonic  areas  this 
is  due  to  proliterative  ehuu^es  in  the  intinm  and  to  direct  pre^ure 
of  the  exudate,  while  in  tlie  tnberch»s  it  is  due  to  hyaliue  and 
other  forms  of  dei^cneration  with  collapse  of  the  walls. 

Coineidently  with  the  process  just  de.scTibe<l  round-cell  infil- 
tration :ind  proliferati%'e  changes  are  manift^st  in  the  structun^s 
surmundinu  the  diseas4^<l  areas.  In  the  ease  of  the  areas  of  caseous 
pucuTuiniia  intiltratioTi  and  proliferation  of  the  connective  tis.sue  of 
the  septa,  a^  well  as  proliferative  changes  in  the  liloixl- vessels  of 
these  |)arts,  are  observed.  There  is  a  wide  variation  in  |xirticular 
instances  in  the  deijree  of  these  reparative  processes,  and  in  geu- 
eml  it  may  be  saul  that  the  more  acute  the  disease  the  more  apt 
is  degenerative  easeation  to  take  place  and  the  less  likely  regener- 
ation ti>  occur.  Similar  over^jrowtli  and  inhltration  may  be  S4:'en 
around  the  tuliereles,  and  in  lavoral>]e  instances  tlie  latter  may 
eventually  be  completely  encapsulated  or  converted  into  a  librous 
nodule.  In  instances  in  which  tlie  rejiarative  processes  are  very 
extensive  there  may  eventually  be  a  prcpimderanee  of  connective 
tissue  liver  caseous  ]ineumouia  or  miliary  tuliercles. 

Varieties.— We  may  distini^uish  all  of  t!ie  tVirms  of  l)rr)uebo- 
genie  tubercidnsis  liy  the  name  uf  jmemaonic  ivherat/oitii,  intm  the 
fact  that  I  lie  element  of  caseous  pneumonia  is  always  an  important 
(Hie,  and  st^pnratcs  them  sharjrly  from  hemogenic  and  lympho- 
genic tuberculosis,  in  both  of  which  the  fonnatitm  of  ndliarv 
ttdierc^es  predominates  ovrr  otlier  itrocesses.  It  nnist»  hf^wcver, 
be  remembere<l  that  in  some  cases  of  bcmogcnie  tulierculosis  tlie 
lesion  may  take  the  fr>rm  of  a  lo<*alize<l  piunnnouic  tnbereulosis  by 
reason  of  the  fact  that  the  first  forme<l  miliary  tubercles  are  st>on 
obseurcd  by  a  more  extensive  pneumonic  process. 

Three  liirms  of  pneumonic  tuberculosis  are  met  with  :  the 
acute,  which  is  frerpu'ritly  s|>okcn  of  as  at'fde  ca^eou.'^  phfhmii^,  or 
galloping  cou^umption ;  the  <'hrouic,  wliich  is  also  kuiiwn  aa 
chronic  ulcerative  phthii<i^;  and  the  ibnn  in  whicli  filjrous  over- 
growi^h  predominates,  and  which  is  tlierefore  known  as  fibrous  or 
fibroid  pfdhmh.  While  typical  instances  of  these  forms  are  quit« 
distinct,  there  ib  no  sharp  divi<ling-line  separating  the  groujis,  and 
individual  forms  merge  insensildy  one  into  the  other. 

Acute  pneumonic  tuberculosis  is  more  crtmmon  in  children  than 
in  adults.  Two  elements  play  a  juirt  in  its  occnrreuce :  tin?t,  a 
higli  degree  of  sus<*cptibility,  and,  second,  al>undant  intection  with 
virulent  bacilli.  The  latter  may  l)e  derived  from  without  the  body 
by  direct  inhalation,  or  may  come  from   the  discharge  of  older 
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caseous  areas  in  the  hmgSj  wliicli  have  broken  into  the  broncliial 
tubes,  or  from  aunm  locus  of  tubeix:uiutiij5  in  tlie  uppiT  un-pah- 
Bages. 

Pathologic  Anatoiny, — ^This  form  of  tuberculosis  is  lobular, 
but  very  frequently  by  enufluonre  of  the  atfeeted  areas  an  entire 
lobe  may  be  involved.  Either  the  ba.se  or  the  apex  may  be  first 
affected .  On  section  the  lung  presents  a  more  or  less  variegated 
ap])*'aranee  in  the  earlier  stages,  due  to  the  formation  of  minute 
jjatehes  and  lobular  areas  of  caseous  pneumonia  having  a  grayish 
appeanmee,  and  the  coincident  congestion  of  .surrounding  portions 
of  the  Jung'tissue.  Sections  through  the  lung  wliieli  cut  a  termi- 
nal bronchiole  in  a  longitudinal  direction  show  it  more  or  less  fille<l 
with  cheesy  exudate  and  surrounded  liv  jjeribronehial  caseation 


Fio.  2i2.— Bronehc>jconJp  tulwrouloalfl  of  the  hinr.  ehowfTip  %hv  iiivolveraeol  of  the  tissues 
surrounding  Ihi'  itriuiiml  hroncliioleii  (Birch  Hi  rschfeld), 

(Fig,  212).  Transverse  sections  give  the  appearance  of  a  section 
til  rough  a  largi^  tubercle  or  an  aggregation  of  tulterelcs,  but  the 
hnnen  of  the  bronchiole  may  usuatly  be  iliscovercd  in  the  center 
or  to  one  or  the  other  side,  iSuiall  miliary  tubereles  may  be  ajipar- 
ent  in  the  edges  of  the  pneumonic  patches,  and  even  for  some  dis- 
tance around  them,  liat  tlie  I'onnective-ti.ssne  involvement  is  more 
apt  to  ajjjM-ar  as  a  diffuse  iuHltniti<u»  along  the  j>cribron<'hial 
and  perivaseiitar  lymphatics  tlian  as  distinct  tubercles.  As  the 
process  increases  the  lung-tissue  becomes  more  and  more  exten- 
sively involved  and  uniformly  gray  or  yellowish  and  consolidated 
(Fig.  21.3).  The  cut  section  is  genemlly  somewhat  granular  in  the 
earlier  stages  from  admix  lure  of  filirinons  exudation  in  the  alveoli  ; 
but  hiter  pnigressively  increasing  casfation  and  softcuiug  render 
the  surface  of  section  smooth  and  moist.  Kot  infrequently  eom- 
plete  destruction  takes  phiee  and  cavities  are  formed.  These  are 
usually  small  and  present  no  marked  tendency  to  the  ft>rniatiun 
of  an  organized  wall,  but  a])pear  simply  as  necrotic  excavations 
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with  irregular,  ragged  outlines.     The  pleura  over  the  surface  of 
sueli  a  lung  is  Ui^ually  iDtiamL*d  antl  covered  with  more  or  less 

tihrinous  or  iibrinopurulent  ex- 
udation, and  not  rarc4y  with 
an  abundant  crop  of  tuberelci^. 
Sonietiinei^  a  t^uperfieial  les?ion 
niav  ruptnre  into  the  pluiirtd 
cavity  and  cause  pneumo- 
thorax or  later  pyopneumo- 
thorax. 

When  the  process  is  less 
active  and  the  infection  less 
abundant  conrtuencc  of  the 
lubnlar  areas  is  less  likely  to 
occur,  and  there  are  seen 
merely  disseminated  patches 
I  if  eaM'ous  pneunmnia  ricat- 
tered  thn  lUgli  various  parts  of 
the  lung,  which  is  in  general 
more  or  less  congested.  In 
sneh  instances,  too,  the  evi- 
dences of  reparative  change 
arc  more  dcciLled.  Complete 
encapsulation  with  subsequent 
calcitieation  may  ensue,  ijr 
tibrous  overgnjwth  may  con- 
vert the  entire  area  into  a 
c  i  cat  ri  c  i  al  n  i  i\^^,  1  i*  1 1  *  e  c h  ees y 
area  is  simply  enelosctJ  with 
fibrruis  tissue,  it  may  reniaiii 
quiescent  for  a  time,  possibly 
tor  years,  and  sulisoqiientlv 
jienetrate  the  enclosing  wall 
and  occasion  a   fresh   extension   wi  the   whole  proeoss. 

Chronic  pneumonic  tuberculosis  is  the  ordinary  form  of  jjulmonaiy 
phthisis.  It  begins  in  the  apices  of  the  iiings  in  tiic  great  majurity 
of  cases,  though  chihireii  arc  as  likely  to  lie  first  affecteci  at  the 
bases  as  at  the  apices.  While  tlien^  is  no  tlonlit  that  chronic  phthisis 
is  usually  ilue  to  infection  through  the  inspired  air,  it  must  he 
admitted  that  occasionally  the  onset  of  the  process  is  due  to  infec- 
tion tlirougli  the  blood  t>r  lympbatie  cliannels  (see  abcivc).  In  the 
instiinces  of  t!ie  latter  kiml  there  may  lirst  be  establishei!  a  localiztHl 
lesion  which  caseates  and  p<'uetrates  a  bron*'hial  tube,  discharging 
its  contents,  and  thus  leading  to  witlespread  bronchogenic*  infec- 
tion. The  further  development  of  the  disease  takes  place  in 
several  ilistinct  ways  (see  below^)» 

Pathologic  Anatomy.— When  there  has  been  an  existing  bron- 


Fio,  213.— Extennlvc  brnn*'ht^cnlc  luher- 
miloiis  (ciseoiiB  pui'umoni&i  of  ibe  Hiix?  of 
the  lung  fOnh>. 
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chitis,  iiillu'si**!!  of  t!iL^  biK^illi  may  (jceasinii  tnlierrulous  Knmrhitis 
with  ultTrdtinn  aiul  secoiidurv  involvement  of  tlie  siirroiiiirliiig  tis- 
sues. More  commonly  the  Imeilli  lotlge  in  the  finer  l)ronehiulep  or 
alveolar  pa^safree,  as  in  aente  pneumonie  phthisis,  and  give  rise  to 
lobnhir  areas  of  eaj^eons  pneinnonia,  siirndindeil  by  tuberele.s  wliieh 
are  formed  along  tlie  course  of  the  lyrnpljatie  vessels  leading  out 
frtmi  the  lirst-fonned  caseons  foci.  There  is  a  tendoney  to  a  con- 
stant increase  of  the  area  of  disease  hy  the  di^eharge  of  caseous 
roaterial  into  eontigutnis  bronclii  and  its  aspiration  into  other  parts 
of  the  lung,  and  also  by  dissenn'nation  of  the  infection  along  the 
lymphatic  vessels  traversitig  the  eanneetive  tissue  around  the  IjIockI- 
vessels  and  bronelii,  Sectirm  througli  the  lung  discloses  more  or 
leas  consolidated  tissue  of  an  opaque,  grayish  or  yellowish  aj»pear* 
ancCj  in  which  the  bronchi  may  be  seen  as  open  spaces  or  filled 
with  mncopurnlent  liquid.  Little  distinction  between  caseous 
pneumonia  and  the  tubercles  can  be  made  in  the  center  of  such  an 
area,  but  at  the  edges,  where  the  pnieess  is  seen  in  the  ear  Her 
stages,  8iic*!i  (listinetion  nuiv  be  peissiiile. 

At  times  areas  of  a  iibrintuis  or  cellular  pneumonia  are  formed. 
These  differ  from  caseons  pneumonia  in  presenting  a  granular  or 
gelatinous  apjX'arance,  and  in  their  lialulity  to  partial  or  (complete 
resiilution.  The  ].>rocess  is  KerofibritHius  and  celbdar  in  character, 
and  often y  though  not  always,  tlue  to  secondary  infections. 

The  same  tendencies  to  degenenitiun  and  softening,  on  the  one 
hand,  and  to  the  pnx-esses  of  i'e[Miir,  on  the  cither  hand,  are  seen 
in  chronic  pncunHuirc*  j>hthisis  as  are  apparent  in  the  acute  form. 
Then*  is  the  ditlerenc^e,  however,  that  these  changes  are  less  rapid, 
and  that,  as  a  ritlc,  proliferatinn  of  connective  tissue  with  the  for- 
mation of  fibrous  tissue  is  more  pronounced  than  in  the  acute 
disease. 

The  dcgeneralive  and  necrotic  processes  lead  to  a  most  charae- 
teristie  lesion  of  tuberr-nlous  lungs — (he  cavitp.  Cavities  are  formed 
either  througli  the  flilatation  oi'  tlte  bronchioles  (brftnchiectasis), 
due  to  their  utcenUcd  and  weakened  cundition  and  to  the  pressure 
of  retained  secretions,  with  subscijuent  uleenition  and  break- 
ing down  of  the  surroumling  caseous  tissue  ;  or,  on  the  othtT 
hand,  tff  rujucdaction  of  caseous  areas  not  in  connection  with  a 
bronchial  tube.  In  the  latter  case,  however,  eommunieation  with 
the  bronchi  is  frcfpiently  established  by  extension,  A  single 
cavity  may  ^row  larg^T  and  larger  hy  cf  instant  nice  rati  \'e  prnc- 
esseg,  in  which  not  ahme  the  c^aseous  tulHTcuhius  degeneration 
takes  a  part,  but  also  activt^  ulcerative  changes  de]>cnih  nt  y])on 
mixi^d  infecticai  tlinmgh  inspiration  <tf  pyogenic  organisnis.  As  a 
rule,  however,  larger  cavities  are  formed  by  the  confluence  of 
separate  smaller  ones,  ami  there  may  be  fount!  a  series  of  ex- 
cavations communicating  more  or  less  extensively  with  caeli 
other.     The    cavity,  or  vomica,  contains    a  variable   amount  of 
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ill-sniolling,  putrid  secretion,  riaisisting^  of  I )rak en-clown  rheesy 
matter^  pus-€ells,  t1efj^enerat<^il  epithelial  eells»  and  filler*  of  elastic 
tissue,  and  containing  tnlierf^le-haeilli,  pyo|^enic  organisms,  and 
occasionally  monld-fun^i.  The  walls  of  the  ca%nty  are  irentn^ally 
fiinned  hy  reparative  fihrous  prolifrration,  and  nn:  covered  with 
a  **  pyogenic  membrane,'*  usnally  darklv  pigmenti'i!,  The  inner 
surface  is  very  rongh  and  rilibcii  hy  projecting  hand^.  The  latter 
represent  the  trabecular  and  Idocxi-ves.scls  of  the  lung-tissue,  which 
liave  resistcti  ulremtioo  more  ob?;tinately  Ihan  the  j^iurrounding 
structure  of  tliL'  liuig.  This  resistance  may  continue  to  such  an 
extent  that  ilvi}  blood-vessel  is  left  as  a  eoixl  passing  directly 
through  the  reenter  of  the  cavity  ;  but,  as  a  ndc,  tlic  lumen  of 
the  vessel  is  sfjoii  obliterated  by  thrombosis  and  the  vessel  itself 
destroyed.  Not  iufre«|ueutly  examination  of  the  lilood-vesseb  in 
the  w^all  of  the  cavity  or  passing  through  it  show^  small  aneurysmal 
dilatations  which  result  from  the  weakening  of  the  widl  by  the 
surround iug  necrotic  process  and  from  the  pressure  of  the  bhwHl 
within.  It  is  from  aneurysms  of  this  character  that  the  large  and 
often  fatal  Iiemorrhages  of  the  later  stages  tif  tul>ercuhjsis  take 
place,  tliougli  lietnorrliage  may  alsc*  occur  directly  fn.mi  the  errMled 
hi r»nd -vessel  witfiout  aiicur)\snial  dilatation.  The  smaller  hemor- 
rhages of  tlic  early  stages  of  plithisis,  which  occasion  only  a  streak- 
ing  of  the  sputa  uitli  blood,  are  due  to  early  enision  of  small 
vessels  of  the  bronchioles  or  to  capillary  ruptures  depeudeut  upon 
congestion. 

The  repanitivc  pnjcesses  (connective-tissue  formation)  ineliruiuc 
pneumoni(r  tuberculosis  may  cause  cessation  of  the  disease  w  hen 
only  limited  areas  of  the  lung  are  atl*ected  hy  surrounding,  antl 
tluis  encapsulating^  the  dis<'ased  parts,  or  liy  eon^plete  lilrrosis  iif 
the  areas.  These  changes  are  dominant  in  the  i'orm  next  to  l>e 
described. 

Fibroid  PhtMsis. — Tlic  reparative  or  fibrous  processes  which 
tend  to  eonnterart  caseation  and  dcstruetiou  may  b<'gin  before 
cavity-iltrmation  lu-  after  it.  When  b*'gimiing  in  the  earlier  stages 
the  caseous  area^  will  be  fouuil  to  present  a  eajrsule  fd*morenr  less 
%vell -developed  fibrous  tissue,  whieh  mav  ec)m|)l<  t(4y  surrouufl  and 
separate  them  froui  the  neigldiortug  tissue  of  thf*  lung.  The  eap- 
ile  tends  to  contract  and  shrink,  and  the  caseous  material  within 
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may  become  completely  calcareous.  In  this  manner  a  limited 
fiicus  of  tuberculosis  of  the  lungs  not  infrequently  heeomes  eoni- 
pletcly  arrested.  When  the  capsule  is  not  so  firm,  after  a  perifnl 
of  quiescence  or  latency  extending  over  even  a  ntunlH-r  of  years, 
fresh  extension  may  fiegin,  the  capsule  may  be  perforate*!,  and 
acute  pneumonie  phthisis  may  be  establislied,  or  tlie  tul)ereii- 
lous  process  may  extend  more  slowlv  thmugh  the  contiguous  areas 
as  chronic  ulcerative  phtliisis.  "When  the  tuberculouB  lesion  is 
limited  and  consists  of  mitmte   foci   not  too  closely  conjoined,  the 
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fil>rou&-tigsiie  proliferatioo  may  intersperse  the  lesion  m  that  the 
whole  is  I'oii verted  into  selerotic  tissue  insteatl  of  being  merely 
surroiioik^d  by  a  enj^.^iile. 

The  fibrous  capstik'.s  siirroundifig  the  cavities,  which  liave 
already  been  alluded  tu,  may  be  of  varying  prominence.  In  ease 
of  small  vomicie  with  pronounced  filirtms  walls  the  contraction  of 
the  latter  may  almost  ol*litenite  the  cavities,  leaving  onlv  narrcw 
and  distorted  spaces  containing  a  .small  amount  of  putritl  material 
(ricaf rices  JiiifuieHHr  of  Laennec).  Complete  healing  of  a  cavity 
of  notable  size  probably  nevf^r  oeeurs.  When  the  excava- 
tions are  of  large  sis^e  the  reparative  prwesses  consist  simply 
in  the  formation  of  a  thick  wall  of  fibrous  tissue,  w^hieh  prevents 
the  further  extension,  for  a  time,  at  least,  of  the  tuberculous 
pro€ess. 

Complications  in  BroBchogenic  Pneumonia.— Of  first  im- 

iwrtance  in  tuberenlosis  of  tin-  lung  is  the  condition  of  the  pleura. 
a  the  acute  pneumonic  form  the  pleura  adjoining  the  diseased 
areas  is  genenilly  more  or  less  intlamtM:!  and  may  present  consider- 
able fibrinopurulent  exudation,  as  in  croupous  pneumonia.  Serous 
or  seropuruleut  exudation  may  iikewisi*  hv  present,  and  ernption 
of  miliary  tubercles  in  the  pleura  is  not  unusuaK  The  same  prrn-- 
esses  may  <xx'ur  in  chronic  pneumonic  tulnreuhtsis  or  *:hr<unc 
phthisis.  More  commonly  tlierc  are  ftmnd  simply  lihmus  adhe- 
sions binding  the  one  surface  of  the  plenni  to  the  other,  es]>eeially 
at  the  ajjex. 

Extension  nf  the  tidicreulous  j^nu'ess  may  alsti  take  place 
directly  upwarfl  along  tlie  air-passages,  and  is  <hjc  for  the  most 
part  to  direct  infect ioji  by  the  s|iuta.  There  may  thus  f>ecnr  tuber- 
cuhjus  uleemtion  of  the  larger  brouehi,  of  the  trachea,  of  the 
larynx,  or  of  the  phar^^nx.  Wlien  the  sputa  are  swallowed,  as  is 
especially  likely  to  happen  in  children,  or  in  adults  during  skn^p, 
intestinal  tuberculosis  is  apt  to  occur. 

Finally,  dissemination  of  the  tuberenlous  disi-an^  t!i rough  the 
bloo^l  is  frequent.  A  caseous  area  in  connectitai  with  one  oi"  the 
veins  nuiy  penetrate  the  lumen  of  the  vessel  and  discharge  its 
contents  into  the  circulating  Idwid,  or  may  first  oet*asion  tuber- 
culous pnil iteration  in  the  intima  of  the  vein  or  infectious  throm- 
bosis, fnuii  which  the  bliKid  i^^  se<N>niIanly  infectixh  Hierc  result.s 
gtrueml  miliary  tuberculosis,  the  tubercles  occurriiig  esfKH-ially  in 
the  s|>hH'U,  the  liver,  tfu:  kidneys,  the  (^horoid  cnat  of  the  eye,  or  in 
tlie  membmncs  of  the  Irrain  or  other  senuis  membranes. 

Acute  pneumonia  may  accompany  either  acute  {>r  chronic  pneu- 
monic tul>ereulosis,  and  certain  authors  insist  that  in  pnictically  all 
cases  there  is  more  or  less  mixtHl  infection.  This  is  probably  not 
the  ease,  liut  complicating  pjicuuuaiia  is  undoubted ly  im|ucnt. 
In  most  of  such  eases  localized  patclies  of  catarrhal  bronchopneu- 
monia are  seen  between  the  caseouB  h:>t)ules ;  but  sometimes  a  fmnk 
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fibrinous  coiisolkltitmii  iimy  occupy  tlie  lowor  lobe  of  a  lung  in 
which  tht"  upper  lobe  jin'r^ents  bepnnin^^  tuljernilosis.  Quite  trc- 
qiicntlv  tlicrc  iirc  ^xni\\\  iirci^H  of  pneumonic  ecmsolidiition  of  fil»ri- 
nous  character  in  the  Inlie  wlu'ch  is  it.^olf  the  seat  ol"  tul>eroulon!^ 
involveiueiit.  To  wan!  the  end  of  lite  there  is  usually  oxten.sive 
ttlenia  of  the  Imses  and  jMXsterior  p*»rtions  of  the  luu^i?. 

The  heart  has  interesting^  rehitions  with  tnberculosii?  of  the 
hin^.  K'lrly  writers  eaMed  attention  espeeially  to  the  fact  that 
phtliisieal  subjects  frcfjuently  present  nn usual  sniallness  (hy|K>- 
plasia)  of  tliis  origan,  and  more  recently  attention  has  been  directed 
to  the  thet  that  ctin|Ljenital  stenosis  of  the  pulmonary  orifieestronji^Iy 
preclisposes  to  tubcreulosis  of  tlie  lungs.  Scmie  liave  claimed  that 
there  is  an  antagonism  between  eanliac  disease  and  tidjercnlosis. 
This  view  is  not  well  founded,  tliough  it  is  probable  that  the 
chronic  eongeBtion  of  cardiac  dit^eas**  renders  the  lung  somewliat 
less  vulnerable  to  tuberculous  infet^tion  than  the  normal  hmg. 
Where  theif  is  a  long-stantling  tubereukuis  consoliilatifin  hyper- 
trophy, es|>eeially  of  the  right  ventriele,  is  likely  to  oeeur.  Tuber- 
culous perieartlitis  may  be  Ibnnd  in  assfM_^iati(»n  with  tuberculous 
pleurisy  ;  and  tnbereh's  may  also,  though  much  more  rarely,  be 
found  up  in  the  endocardial  lining.  The  latter  are  due  to  infec- 
tion til  rough  tlie  bloml. 


Hematogenic  Tuberculosis. 

Tliis  form  occnirs  when  a  fbeus  of  tuber^'ulous  disea,se  rnptures 
into  a  bltHid- vessel  and  the  infective  contents  are  disseminated  in 
the  eireulation.  As  a  ndi\  hemogenic  tuberculosis  of  the  lungs 
is  only  a  jiart  of  a  genenil  tnlrerenlosis  of  the  entire  Utdy.  The 
]>oints  from  which  the  primary  infection  may  take  place  are,  of 
course,  numerous,  fmt  ea^^cous   lymph-glands  of  the   cervical   or 

Iieri bronchial  gninn,  or  old  foci  of  tul>ercnlnsis  at  the  apex  of  the 
nng,  are  perhaps  the  nuxst  frerjuent.  The  organs  and  strnetures 
of  the  body  likely  to  be  infected  l)y  general  hemogenic  tubereu- 
h»sis  are  the  spleen,  the  liver,  the  kidney,  the  choroid  eoat  of  the 
eye,  the  meninges,  and,  more  prominently  than  any  other  organ^ 
tlie  lungs.  In  the  rare  eases  in  which  rupture  of  an  old  pulmo- 
nary focus  has  occurred  into  one  of  the  branches  of  the  pulmonary 
artery,  only  tme  lung,  or  but  a  part  of  a  lung,  may  be  involved. 
Attention  has  been  previously  directed  to  the  pr<^baljility  that  in 
some,  if  not  many,  cases  what  appears  to  be  brunchogeuie  pulmo- 
nary tubereulosis  is  in  reality  hemogenic,  the  bacilli  having  en- 
tered the  body  at  some  obscure  point  without  causing  a  lesion  at 
the  portal  of  entrance,  and  having  produced  a  loc^ilized  lesion  in 
the  lung  instead  of  the  more  typical  disseminated  tuberoulos-ia 
usually  found  in  hematogenous  infections. 

Pathologic  Anatomy. — The  pathologic  feature  of  import- 
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ance  in  heni;it<j^onii'  tuhfireiilosis  I?*  tlie  fl)rmatiou  of  miliar)' tiibtn'- 
cles.  These  appear  as  gnxy  ur  trniishH-ont  areas,  the  size  of  miUet* 
seeds,  around  and  involving  the  terniiiiiil  arterioles  or  cupillaries 
in  the  interv(\^ieuhir  septa.  At  first  they  may  be  so  small  that  the 
naked  eye  scarcely  tliseover^  then*,  and  tiiey  are  so  translueent  that 
oblique  li^ht  is  rieeeHSiirv  to  nuike  tlieiii  appear  to  view,  Ijiiter 
they  increase  in  si/a^  and  become  more  t^^rayish  and  upatiue.  Micro- 
scopically there  are  the  well-known  charaeteristies  of  the  miliary 
tubercle  embedded  in  the  perivascnlar  eonneetive  ti.ssue  (see  Tuber- 
culosis, Part  L).  Tliese  tnbert^les,  however,  ait*  prone  to  distin- 
guish tliemsclves  from  the  eharaeteristie  tubercles  stn^-u  elsewhere 
by  their  more  irregular  outline  ami  the  more  irregular  arrangement 
of  their  component  histologie  elements*     When  the  tuberculous 


Fig.  214.— Miliary  tuburcultifilis  df  the  hum,  ?lii»winj*  iw<j  tuberrU>i  with  ilt-generaU'd 

process  5s  particularly  rapid  and  vinihnt  giant-cells  are  few  in 
number,  and  the  tubercle  is  cttiupuscd  mainly  of  ju-nliteratiMl 
ennnet*tive-ti-suc  cells  nf  the  ordinary  tyj>c^  some  i-pitht  tiuidat 
cells,  and  rouncl  intiltration-i.'eils,  all  of  them  more  i>r  less  granu- 
lar, and  the  entire  nmlule  surrounded  hy  a  zone  of  caseous, 
catiirrhal,  or  even  liemt>rrhagie  pneumonia  of  the  contiguous 
alveoli  of  the  huig  (Fig,  214).  The  tubercles  are  mrely  seen 
in  the  stage  of  advanced  necmsi^,  I  jut  this  may  take  place  in 
instances  of  a  nmre  chronic  course  in  which  the  bacteria  are 
admitted  to  the  lungs  shnvly  and  pi-rbaps  in  a  state  of  lesser  viru- 
lence tlian  corumoiK     In  those  instances  of  what  mav  be  termed 


^ 
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c  \\  roil  i  c  m  i  1  ia  ry  tu  be  re  u  1  os  ts  t  h  c  re  m  ay  be  a  co  ns  id  vvd^  b  1  e  a  nio  n  n  t  of 
caseation  of  the  tuhereles,  and  the  patelie?^,  as  a  rule,  become  decid- 
edly larger  than  in  the  ordinary  acute  form  (Fig.  215).  An  expla- 
Dation  of  this  form  of  chronic  niiliar>^  tiibercuh)sis  has  been  offered 
by  certiin  authors,  who  liohl  that  these  are  instanecs  of  infection 
throup*h  the  thoraeic  duet  and  l>hiod -vessels.  Tl)e  infective  inaterial 
enters  tlie  thoracic  duet  from  caseous  lymphatics  glands  in  tlie  ab- 
domen or  thorax,  and  ts  discharged  with  the  lymph  into  the  veins 
in  a  gnidual  manner,  only  a  little  being  allowed  to  pass  at  a  time. 
The  ordinary  and  typical  acute  miliary  tnlierenlosis  piTsents 
itself  clinically  as  an  aente  infeetions  disease,  running  its  course 
rapidly  and  causing  early  dissolution.     The  disease  is  rather  a 


Pig.  235.— Hematogcaic   tuberculosis,  iliowiug  mauy  Fioiiitmrd   mfliary  tubercles  and 
several  eluatera  (modllled  from  B^jlUoger). 


general  toxemia  than  a  local  pnjcess,  and  toxemic  changes  may  be 
present  in  various  organs,  such  as  oecnr  in  other  intectious  and 
toxemic  diseases.  The  heart,  liver,  the  kidneys,  and,  iu  general, 
the  parenchymatous  structures  are  |*rf*ne  to  lit'come  rh 'generated, 
anfl  when  the  febrile  infection  continues  there  may  be  extensive 
tatty  degencratioji.  In  addition  to  the  eruption  of  miliary  tuber- 
cles in  other  organs,  to  which  allusion  lias  already  l)een  made^ 
there  is  also  involvement  of  the  pleura  whicli  belongs  more  prop- 
erly to  the  pnlmtmary  prrK'.ess  itself,  and  is  simply  a  continuation 
of  the  same  iiitection  which  gave  rise  to  the  puhnooary  involve- 
ment. 
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Lymphogenic  Tut>erculosis. 

It  is  nosj^ihle  for  ttiliereulous  [iiteeti^ui  of  the  lungs  ii^  occur 
thmugfi  the  lyrnpliatic  chunnck  in  rte%"eml  ways.  In  speiikiiig  ivf 
acute  niiliary  tulicrculosis,  particularly  of  the  more  gradual  type, 
reference  was  made  to  the  fact  that  infective  uiaterial  is  sonietimes 
earricd  hy  the  thoracic  duet  fnjin  the  lymphatic  glands  of  the 
abdomen  anil  posterior  mediastinum,  as  we!l  as  possibly  from 
carious  tlioraeic  vertt^bne  to  the  blotxl-vesscls,  and  thence  diatrib* 
ut4^d  through  the  bhjod  to  the  lungs  as  a  hematogenic  infection. 
Direct  infection,  however,  through  the  lyjophatie  chajmels  may 
take  place.  Tlius  tuberculous  pleuritis,  either  prirjuiry  or  Si'cond- 
ary  to  tubercul*tus  dis4^ase  of  the  vcrtefu'ie  or  ribs,  sometimes 
spreads  directly  into  the  lung  through  tlie  lyjnphatic  vessels  tmv- 
ersing  the  interlobular  (*ynnective  tissue  ;  and  in  eases  of  caseous 
tuberculosis  of  the  pcribroneliial  glands  the  infective  Tuatcriul  may 
be  conveyed  into  the  lungs  eitlu^r  by  a  reversal  of  the  current  of 
lyn^ph  in  the  vessels  miming  to  these  gianets  or  by  direct  exten- 
sion jdong  tht^  lymphatic  walls.  A  form  of  lymphogenic  tuber- 
culosis of  the  lungs  nuiy  also  be  referred  to  in  which  casccuis 
Ivmph-glands  directly  pc^rlbrate  the  lung-tissue,  but  the  actual 
(lissemination  of  tlie  prwess  in  the  lungs  in  these  cases  is  usually 
through  the  lironchial  tubes  into  which  the  bacilli  gjiin  entrance. 

Pathologic  Anatomy.— It  is  characteristic  of  lymi>bogenic 
tubcrtajlosis  to  tind  small  notbilar  areas  which  micros(*u|>ically  arc 
seen  to  be  more  or  less  characteristic  tulicrclcs.  Thi'se  arc 
se^attered  along  the  lymphatic  vessels  running  in  the  intcrbibular 
septa  or  surrounding  the  hi  owl -vessels  and  l>ronehi.  In  the  in- 
sfcmccs  of  lymphogenic  tubcrcuhisis  seccaKlary  to  pleuritis  sup- 
pnmtive  lymphangitis  and  periiym]4»angitis  (see  Fueumonia)  are 
not  infretpiently  associated* 


•  SYPHILIS. 

It  has  been  the  occasion  of  much  dispute  whether  the  many 
forms  x^f  disease  attributed  to  this  cause  can  l>e  really  st>  classified. 
IJntlHubtedly  some  of  the  conditions  attributed  to  syphilis  arc 
cases  of  tuberculosis,  or  of  some  other  form  of  pulmonary  disease. 
But  there  are  other  varieties  which  can  inHjuestiimably  be  spoken 
of  as  syphilitic.  Among  these  are  the  dili'use  intiltnition  of  the 
new-born  and  the  tertiary  gumnrata. 

Diffuse  syphilitic  infiltration  of  the  lungs  is  occasion- 
ally met  with  in  the  new-born.  As  a  rule,  infants  showing  tins 
are  stillborn.  It  manifests  itvself  as  a  more  or  less  lobar  consoli- 
dation and  induration  of  the  lung-tissue.  On  section  the  lung  is 
light  ^Tny  or  almost  white  in  color,  and  completely  airless,  so  that 
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tlie  naine  pnetammia  aJfja,  given  by  older  writers,  wan  liighly 
signiticaut.  Microsi-Mpit^ally  there  are  seen  widespread  roiintj' 
eell  and  8pindIeH.^eIl  ititiitnitioii  and  pmliieration  in  the  ink^r- 
alveolar  aiul  interlnhular  f'<innef*tive  tisstien,  with  more  or  le^ 
eonipression  of  the  bnmc*hiole,s  imd  nlvenli.  The  epithelium  of 
the  latter  niuy  he  somewhat  proIiferattMl  and  tlesquuniate<J,  antl 
shows;  a  tendeney  to  fatty  defeneration  and  n(*cn»sis.  In  some 
instances  the  degenerative  clianges  do  not  take  place,  and  the 
proliferated  epithelium  of  the  alve<jli  is  nia^^se*!  within  tlie  alveolar 
lumen,  and  is  lor  the  most  part  of  a  enhoidal  i-haracter.  The 
blood-vessels  eorurnonly  show  prolifenition  of  the  adventitia  as 
well  as  of  t!ie  intima,  and  may  l>e  ronij*li'te!y  olilitt^rated.  Ae- 
eoniing  to  Birrh'Hii>>i*hteld,  syphilitir  fetuses  of  tlie  sixth  or 
seventh  month  sometimes  [)resent  limited  ilisease  of  this  nature 
and  of  Hueh  distribution  that  it  is  rei*ognized  Ui  begin  as  a  peri- 
bronchial and  jieri-alveolar  infiltration  of  lolailar  distril>uti<m. 

Syphilitic  gummata  may  he  asso(*iated  witli  the  diHuse 
fonu  of  efingenital  syjihilisj  or  may  be  pn\sivnt  in  the  new-born 
witliont  the  latter  (jummata  are  oeeasionally  seen  in  adults. 
They  are  present  most  frequently  near  tlie  roijt  of  the  long 
beneath  the  pleura,  but  may  be  stuttered  through  other  parts  of 
the  organ.  As  a  ruh%  the  number  is  limited.  They  ai)})ear  as 
more  or  less  mundetl  nodules  of  a  grayish  to  yellowish  color,  with 
more  or  less  (ilm>us  ovirgrowth  siirroundiag  them  and  often 
radiating  from  them  into  the  surrounding  lung-tissue*  Central 
necrosis  may  pr*K*eed  to  such  extent  that  cavities  are  formed. 

Oe(^asi*mally  the  contents  of  a  gumma  may  be  disc^harged 
through  the  !)ronchial  tubes,  or  they  may  be  absorbed  and  a 
eieatrieial  pu<*kering  of  the  lung-tissue  may  mark  tlie  place 
of  the  former  disease.  Mierosrojiieally  tluTe  are  seen  in  the 
earlier  stagc\s  the  ordinary  appearances  of  gumniiata  (see  Syphilis, 
Part  I,),  with  more  or  less  difl'use  intiltration  surrounding  them  anil 
with  thickening  an<l  hyaline  dt*generation  of  thr*  blood-vessels. 

Syphilitic  fibrous  induration  of  the  lung,  so-called,  has 
been  deseriljed,  and  it  seems  likely  that  some  of  the  i'ases  embraced 
in  the  descriptinn  are  really  sypliilitie  in  nature.  The  prot^ess 
begins,  as  a  rule,  at  the  root  of  tlie  lungs,  from  which  it  radiates 
throngh  the  tissue  toward  the  pleura.  The  iibrrjus  tissue,  ibr  the 
most  part,  surrounds  the  l>ronehi  and  hi f>od- vessels  (Fig,  210).  In 
anotlier  group  of  cases  the  process  spreads  from  the  pleura  and 
occasions  the  formation  of  dense  bauds  of  tibrons  tissut*  passing 
inward  into  the  lung-structure.  In  still  other  cases  the  filiroid 
overgrowth  is  so  diffuse  that  the  ap]K'aiimc«^  presented  resembles 
so  closely  that  of  pneumonokouiosis,  that  it  is  ju*;ictically  indis- 
tinguishable* It  is  quite  probable  that  many  instjinces,  in  which 
appearances  guch  as  these  are  met  with^  are  not  at  all  syphilitic  j 
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hut  the  occurrence  of  changes  of  this  flcseripti<in   in  association 
with  gummata,  ami,  again,  tJie  mx-urrcncc  of  such  clianges  without 
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Fio*  216.— Syphilis  of  lutigit:  a,  thickened  alveolnr  watia  or  stroma:  6,  partly  langl- 
tudinal  section  of  brfmchua;  c,  uninfUtrateit  alveott;  d,  tjew  roouc^tlve  Uasiie  (Tiiiltmted 
witli  Hrciatl  miintl  teUa  :  e,  cells  lining  ftl¥eoli ;  /,  artery  showing  thkkened  walk  ;  ff,  dea- 
quamaCed  lining  c^lia  (Linsley). 

gunimata  in  undoubtedly  fiypliilitic  individuals,  make  it  likely  that 
some  at  least  arc  of  this  origin  aiir!  nature. 

GLANDERS. 

Glanders  occasionally  affects  tln'  pulmonary  tiseucj  the  infec- 
tion taking  place  either  by  inhalation  from  nlcerated  lesions  in 
the  nose  or  other  |wrtions  of  the  upjicr  air-passtiges,  or  more 
rarely  by  distriljution  of  the  bacilli  tlirongh  the  bloixL  The  lesions 
are  of  two  kinds.  There  may  be  merely  a  gmyish  or  purulent 
intiltratiini  of  a  tliffuse  eliameter,  with  the  fori  nation  of  absctesses 
and  often  with  associated  hemorrhagie  intiltmtion.  Considerable 
areas  of  the  lung  may  be  consolidated  in  this  manner,  or  the 
proc^ess  may  be  localis^ed  and  lobular.  In  *tth(*r  eases  noilular 
patches  varying  trom  the  size  of  a  hemp-seed  to  that  of  a  pea  are 
seen  in  various  parts  of  the  lung,  Tnese  consist  of  masses  of 
round  cells,  and  show  an  early  tendeney  to  degeneration.     More 
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or  less  hemorrhagic  and  catarrhal  ipflammation  of  the  alveoli  sur- 
rounding these  nodules  may  be  present. 

ACTINOMYCOSIS. 

Actinomycosis  is  a  rare  affection  of  the  lungs.  It  may  result 
from  the  direct  extension  of  actinomycosis  of  the  lymphatic  tissues 
and  cellular  structures  in  the  anterior  or  posterior  mediastinum, 
when  there  are  formed  in  the  pulmonary  tissue  fistulous  necrotic 
tracts  containing  more  or  less  cheesy  and  purulent  material,  in 
which  the  characteristic  yellowish  actinomycosis-granules  are 
found.  The  latter  on  microscopic  study  show  the  actinomyces. 
The  infection  may  also  take  place  by  a  gradual  descent  of  the 
process  from  the  mouth  or  upper  respiratory  passages  alon^  the 
trachea  and  bronchi  to  the  lung;  or,  more  commonly  still,  by- 
aspiration  of  the  infective  agents.  In  the  latter  cases  nodules 
consisting  of  round  cells  are  formed,  and  present  themselves  as 
grayish  or  grayish-red  patches  varj^ing  in  size  from  that  of  a  pea 
to  that  of  a  cherry,  and  showing  a  decided  tendency  to  fatty  de- 
generation and  purulent  softening.  The  surrounding  lung-tissue 
is  commonly  consolidated,  and  presents  the  appearances  of  purulent 
and  catarrhal  or  even  hemorrhagic  pneumonia.  In  many  cases 
there  is  also  a  manifest  tendency  to  productive  changes,  which  lead 
eventually  to  the  formation  of  more  or  less  fibrous  tissue  within 
the  alveoli  and  in  the  intenilveolar  and  interlobular  connective 
tissues.  Not  rarely  this  indurative  process  completely  surrounds 
areas  of  degeneration  and  softening. 

TUMORS. 

The  lungs  are,  comparatively  speaking,  a  rare  seat  of  tumors, 
thougli  a  variety  of  both  primary  and  secondary  growths  occur. 

Connective-tissue  Tumors. — Small  uodwhiT  fihrcrrmta.  have 
occasionally  been  observed  scattered  througli  the  lungs  in  the  peri- 
broncliial  connective  tissue,  and  a  few  instances  of  similar  nodules 
of  lipoma  are  recorded.  Chondroma  is  more  common  than  either 
of  tliese,  and  doubtless  tiikes  origin  from  the  ])eri bronchial  carti- 
lages. Secondary  chondroniata  have  becni  observed  in  cases  of 
chondroma  elsewhen*.  True  osteoma  is  rare,  but  more  frequently 
ossification  of  s(;lerotic  areas  is  met  with  in  instances  of  pneumono- 
koniosis. 

Sarcoma  is  the  most  frequent  connectiv^'-tissue  tumor  of  the 
lungs.  It  may  originate  in  the  lymphatic  glands  surrounding  the 
bronchi  in  the  roots  of  the  lungs,  from  the  lymphatic  nodes  sur- 
rounding the  smaller  bn)nchi  within  the  lungs,  from  the  lymphatic 
vessels  themselves,  or  from  the  subpleural  or  other  connective 
tissue  of  the  lung  itself.     Primary  sarcoma  is  less  common  than 
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secondary*  In  one  form  it  presents  itself  a^  roiiiiiletl  masses  of 
grayish  ur  yelltiwiHli  (*olor  lyin^^  a  re  mi  in  I  iho  bmnehi  in  the  mot 
of  the  lun*^  (Fi^,  217),  On  iseetion  tfinnitrh  this  it  is  seen  to  eon- 
sist  of  more  fir  loss  enliirged  ami  tninsff^rint^l  lyiTi|)hatie  fi;'lan(ls, 
anil  there  may  he  sreonilary  no<lii1es  s<'att(Teil  thnm^h  the  hin^. 
This  form  of  sarennia  is  paitieiihirly  eomnion  in  pntioijcmokoniosis, 
as  seen  in  tlic  Kbroid  iurj^s  of  tfie  i^ohalt-ioiners  of  Sehneeberj^* 
Primary  san'oma  may  also  be  of  the  form  ealled  rtidofheiiotmt.  The 
lymphatic  vessels  hi  the  peribronehial  tissue  beeome  tilled  with 
proliferate<l  eells,  and  their  nimifieation  may  be  distinetly  visible  on 
seetion  as  a  nr^twork  travt*rsinix  th**  |>almnnarv  tissno*  Primary  sar- 
eomji  r>f  the  spiiidle-eell  or  mmid-eell  varii-ty  may  sikring*  from  the 
siihjileuml  einmeetivc  tissue,  <  iiant-<H'll  sareorna  has  been  observed. 
Secondary  sarcoma  is  extremely  eommon.  It  is  seen  in  nearly 
all  instanees  in  wliii-h  metastasis  has  oeeurnnl  irom  a  jirimary 
gruwth   in  any  part  of  the  body.     In  these  e^i^es  there  are  found 


Fro.  217.— LymphoKiirrn tuft  of  the  pnj<t-bn»tiphi«l  plwnris,  invafliiiK  thu  luiig;  the  tunr  ii 
divided  ?jy  ti  long  lUi'ifeiiLiii  uiul  the  lmlvf»  laid  opeo. 

wellnleUned  nodules  of  varying  size,  sitnated  lor  the  most  part 
near  the  suHIiee  of  the  bniir  (Fi^.  218),  Tlu^y  are  whitish  in  eolor 
and  tend  (<»  softi'n.  The  Iiin^-tissue  bet\v<M'n  may  be  eonp^st^Hh 
and  there  may  even  be  prieinnoiiie  eonsolidatifm.  Seefuidary  sar- 
coma of  the  long  may  alsooeenr  from  direet  extensiim  of  mediasti- 
nal san-oma  or  of  san:'oma  in  other  of  the  snrr^iuniiing  struct ures. 
An  interesting^  type  of  seeondary  involvement  of  the*  lunj^  l>y 
mircoma  or  a  process  resembliji^  san^ttma  occurs  in  what  is  termed 
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malignant  lymphoma  or  lyrajjliadpnoma,  citlif^r  with  or  without 
leukemia.  Tliose  may  \tv  consuli^nHl  as  allietl  to  goneratized 
lymphosarcoma.  Tlie  hiiisrs  are  foiiiul  to  contain  small  nodules, 
consisting  of  nunjil  cells  without  stroma  or  emhedded  iu  a  more 
or  less  retieular  nialrix  of  stellate  and  siiindlr-rplls. 


Fig.  218— Secondary  ^.a. 


!.f  the  liinfr:  the  jirlmiiry  ui 


attached  to  the 


Bpithelial  Tumors. — Carcinoma  is  pnietieally  tlie  only  form 
to  be  eonsidereil,  thou^li  adenama  of  the  lunj^  has  fveen  deserihed. 
Carcinoma  of  the  lung  Ls  eertainly  less  frequent  than  was  formerly 
believed,  surconia  ha%  ing  been  eoiifused  with  it.  Massive  euncer 
may  start  from  the  nuieous  ghnids  t>f  thr  larger  l>ninehi  near  the 
root  of  the  hmg.  The  tumor  is  irregular,  soft,  and  tends  to  uleer- 
atfi  in  the  center^  forming  cavities.  8eeoudar>'  nodules  within  the 
lung-tissue  are  si^'n  along  the  Ivmphatie  vessels  surrounding  the 
bronchi.  Primary  <'are»noma  may  also  start  from  the  epitheiinm 
of  the  finer  bronchial  tubes.  The  proliferation  soon  penetrates  the 
wall  of  the  brouelius  and  extends  ahmg  the  lymphatic  vessels  in 
the  peribrom-hial  eonneetive  tissue.  In  this  numner  bands  of  new 
growth  are  seen  travei'sing  the  lung.  Occasionally  sf|uaniDUs- 
celled  carcinoma  may  originate  in  the  epithelium  of  the  terminal 
bronchioles  and  alveoli. 
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fkeondary  eamnoma  of  the  Iiiii^^s  is  less  frt'f|uent  tlian  secoutl- 
an*  siircoma.  It  may  ticeur  by  tiietasta^iis  (tihu  rnnrei'  cIst'whtTe, 
ami  in  thisr  iiistaoroj?  the  apprarant'e  of  tlie  niKiiilt'.s  i:^  much  tlie 
fiume  as  that  of  siireuiiia*  St cujulary  t-aiu'cr  of  tht'  lonf^  may  alsn 
result  from  extiitision  of  esopiiageal  o-iircinuma  or  of  cancer  of  tlie 
breast  pi'tielratin^  the  (liorai-ic  walls  aijd  pliMini,  Finally^  in  car- 
cinoma of  the  upper  rrspiratrirv  passives  or  cjf  the  month  irilialation 
of  eiiueeroiis  particles  may  lc!*<l  to  sccca^dary  iKHhiles  in  the  lnng8, 
associated  at  tinn^s  witli  a  re;  is  of  hroncho-pncumonia. 

Cysts •^-'Cnnt^erntal  eysts  have  liccn  (lescnbcil,  hnt  tliey  are 
prohably  merely  dilatationci  of  the  bnaiehi.  .Vclcnomatous  pro- 
lifenition  of  the  epithelial  lining  of  such  dilatations  may  take  phiee* 
Derm4tid  eysts  are  rarely  eni-oHntercd,  They  may  disehar^' 
through  the  bronchial  tubes. 

PARASITES, 

Besides  tlie  specific  and  pathogenic  miem-or^nisms  that  have 
been  referred  to  as  fK^eurriiitr  in  tulterculosis,  pnennnmia,  and 
otlier  infectifuis  diseases,  varicjus  forms  of  liaetc^ria  and  n*nuld- 
fuHLTi  are  met  witli  as  aeeidental  an*!  noti-spccifie  [wirasites.  8nrh 
miero-<jrganismal  collecticms  are  nuist  freqnent  in  areas  of  gan- 
grenCj  in  dc^eneniteil  inlan*ts,  and  in  dilated  l>ronrdii  or  tubercular 
cavities.  San-ina*,  a  fiirnj  of  leptolhrix  ivsendilin*.^  that  seen  so 
frtqnently  in  the  tnouth,  and  sev*'ral  varieties  of  as]HT*4;iltus,  have 
been  noted.  The  genend  term  I^neunioitottufft^is  a^ipa-fftiiiita  is 
appbed  to  the  occurrence'  id'  tiie  iast-nanied  nicmkl-l\mgi  in  the 
lungs.  Sometimes  they  are  so  alnindant  that  they  are  readily  dis- 
covered in  the  sputa  ;  and  it  is  likely  that  eertain  inHammatory* 
conditions  of  the  lungs  are  directly  due  to  sneli  orgtmisms.  The 
clinii-al  course  may  suggest  tul)ereulosis,  and  jiathologieidly  diffuse 
or  irregular  (*onsolidatiorj  of  the  lungs  nuiy  elmracterize  such  eases. 

Animal  Parasites.— Of  tlu^  lowest*^  forms  fd'  animal  life  or 
protozoa,  the  Monas  lens,  eercomouas,  and  piirameeimn  have  been 
observed.  These  an*  entin?ly  accidcntjd,  occurring  in  eases  of 
gangn-ne,  putrid  bronchitis,  and  sinular  eouditioiis.  Tlie  class  of 
vermes  furnishes  the  more  important  piu-ysitic  affccti*Jiis  of  the 
lungs,  Tlic  Paraqonimu^  ]V*Hfrnuftunl  is  n<^t  iniVerjucnt  in  piu*t8 
of  Asia.  It  occasions  seritais  lienioptysis.  The  Stronf/j/lutu  ttpri, 
cchhHK'm*t'HH-nfst'<,  mii\  ([ifsUcfreuHceliulosa*  are  occasional  ly  seen. 
Llmjnfthdu  Rldwirm  lias  been  observed. 


THE   PLEURA. 

Anatomic  Considerations- — The  pleura  is  a  membrane 
compisetl  of  fibrillar  conucctive-t issue  and  elastic  filiers^  contain- 
ing a  rather  abundant  network  of  capillaries*     It  i&  lined  on  the 
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surface  with  a  single  layer  of  flat  endothelial  cells,  between  which 
there  are  openings  from  the  ph'iinil  cavity  into  the  siibpleiinil 
lymphatics.  The  latter  form  a  rich  network  in  the  ^^lIhp!c^lml 
connertive  tissne  and  jday  an  iniportaiit  jMirt  in  the  |>athologic 
proecsBes  affecting  the  pleura* 


CIRCULATORY  DISTURBANCES. 

Passive  hyperemia  occnrs  in  varifuis  disea.ses  interfering 

with  the  re.spi ration »  uml  still  more  intensr^y  in  raises  in  which 
there  is  pressure  n])on  tlie  azygos  veins  or  diffn.se  intnithoracic 
pressure. 

Petechial  hemorrhages  may  occur  when  the  congestion  is 
intense.  They  an^  particnhirly  frequent  and  prominent  in  eases 
of  death  from  ^inff*)cation,  Init  are  also  seen  in  vrtriou.s  disorders 
of  the  l>loud  and  Ijemorrhagi*-  diatheses,  such  as  perni(*ions  anemia, 
purpnni,  and  intoxications  of  various  kinds. 

Hemothorax  is  the  term  applied  to  tfie  pre&ence  of  free  blood 
in  the  pleural  cavity.  It  may  he  due  to  woiuidsof  the  chest  -  wall, 
causing  rupture  of  bhxM!-\*esHels,  to  fracture  of  the  rib.^,  and  to 
rupture  of  ancnrysms  iufo  the  pleural  sac.  In  some  cases  the  eti- 
ology is  obscure.  If  thi-  j^leura  ig  in  a  Ixealthy  ci*ntlition  and  j?€*c- 
ondary  iniet^tion  dm;^s  not  takt*  place,  ruore  or  less  ra]iid  absorption 
of  the  VihMKl  ensues,  Wlicn  iniectit^n  occurs,  seeondary  inflam- 
mations of  the  i>h'ura  ami  iUsorgani/^ition  of  the  blood  result. 

Hydrothorax,  nr  dropsy  nf  th(^  pleural  cavity,  may  be  but  a 
part  of  a  general  etlema  cKU'iir dug  iu  rhronie  kidney-disease  or 
lirartHlisease.  It  is  usually  bilnlt^ral,  and  the  fluid  prrsi  uts  the 
ordinarv  characteristics  td"  a  serous  (^tfusiciu*  Unilati-ral  hyilni- 
tliorjx  is,  however,  not  infrrtpit^nt  in  (*ariliar  disease  atti'iidrd  with 
great  enlar^rcuient  of  the  tu'i^im.  The  hydrothonix  in  sucIj  cases 
is  generally  ri^iit-siiled^  and  is  probably  *Iue  to  pressure  upon  the 
azytros  veins  antl  the*  root  of  the  rij^ht  lun^.  Tlu*  pleura  itt^elf  is 
not  pnrtirularly  distu'dcred,  but  very  frcijucnily  some  opacity  and 
loss  of  lustta*  is  noted,  and  i\\vtv  may  Uv  (nlcma  nf  tin*  .^ubi^h'ural 
librous  tissue.  The  hui<^  are  presseil  bat "k ward  toward  the  nx^t 
nnd  against  the  spinal  c(»hinui,  and  may  Ik'  considerably  com- 
pressed. Unilateral  hycb'othorax  may  be  due  to  pressure  upon  the 
veins  of  one  sifh*  by  tinnors  or  aneurysm.  A  small  arntanit  of 
serous  out]>ourin^  into  the  pleural  sacs  occurs  ipiitc  connuonly  jiLst 
prior  to  death. 

Hydrotiiorax  caust*s  compresftion  of  the  lungs  and  displacement 
of  tlie  other  adja(*rnt  viscera.  The  seriousness  of  the  results  are 
in  ]*rop(»r{iou  t^  the  amount  (>f  effusion, 

Pneumothorax  (h'signates  the  presenile  (^f  air  iu  the  pleural 
eavitics.  It  may  result  from  rupture  of  tulHTculous  vomica;,  gan- 
grenous areas,  softened   hemorrhagic  inhirct.s,  or  abscesses  of  the 
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lungs,  or  rupture  of  emphvR^matous  air-ve:^ieles  Ij^neath  the  pleura, 
allfjwiii^t'gn^ss  of  air  mhv  t\%v  plminil  sjif.  Tt  may  also  iwvuv  after 
an  einpyenia  has  ruptured  into  tlio  lun*r  and  ef^taUlisluMl  a  fistu- 
lous cummunieatioii  betworn  the  pleural  sue  and  tlie  l>ri>nchiole>*. 
Very  mrely  it  is  due  to  a  penetrating  wound  id'  the  ehest.  The 
(deund  Siic  may  be  more  or  li'ss  tens4*ly  distended  with  air ;  the 
iung  is  pushed  baekwanl  a|^iiust  the  spine^  is  more  or  less  pTAy- 
ish  or  brownish  in  enh*r,  indurated  and  airless.  The  pleura 
itself  may  (UTsent  mi  abuonnality,  ami  the  air  may  be  absorlietl ; 
but  very  frequently  infeetion  takes  plaee,  and  purulent  exuilatirai 
from  the  pleura  eolleets  in  the  sae.  Tin*  eonditiou  is  then  spoken 
of  as  jniopniftitiofhorax,  Tiie  neifjhboriu^  organs  art«  riften  greatly 
displaeed,  pnrtieularly  the  hearty  the  diapbranrm,  and  the  liven 
In  left-sided  puenmoth(>rdx  the  Iieart  may  lie  paslied  ilir  to  the 
right  of  the  sternum,  and  when  the  right  side  is  aff'eeted  tlie  liver 
may  be  pusbeit  downward  eonsidenibly  btdow  the  ribs. 


INFLAMMATION. 

Inflammation  of  the  pleura,  or  pleuritis,  is  designatetl 
b}'  the  clinical  name  pirmia^. 

Etiology. ^ — It  may  result  from  hnnd  or  from  general  ciiuses. 
Among  tlie  loea!  causes  the  must  im|wjrtanl  are  t^xteusion  of  lutlam- 
jnatiiiji  fruin  the  lungs  in  the  variuus  forins  id'  pneumtmia,  in  gan- 
grene and  tubercuhisis  ;  extension  fnun  pericarditis  or  me<liastinal 
diseases,  and  extension  from  inflannHatury  airectiiiris  oi*  the  spine, 
of  the  ril)s,  or  of  the  chest- wails.  Less  flirectly  peritunitis^  hepatic 
abscess,  aud  other  abdonunal  atl'eetions  may  oeeasi*>n  pieuriti^  Ivy 
extension,  and  in  rare  eases  pcrtbnitimi  fd'  esophagi'al  ur  gas- 
tric ulcers,  ifr  abscess  c>f  the  spleen  or  liver,  may  be  the 
cause. 

In  the  group  of  eases  due  to  genenil  eansi's  the  pleural  inflam- 
mation is  the  result  of  iniei-ticm  ur  lnt<ixieatiiin  involving  the 
pleura  through  tlie  blmub  Thus  in  pyemia  aud  septieenda,  iu  rheu- 
matism, and  in  other  acute  infectious  diseases,  and  iu  liright's  dis- 
ease, acute  irdhunuiatiou  of  the  pleura  is  not  unconuucm.  ( 'ohl 
and  tnunoatism  have  long  Ijecn  rrg;irded  as  ijufiortant  causes,  but 
their  aclion  is  tlunljtless  only  a  predisposing  oin',  ifie  immediate 
ciiUBe  being  some  infeetion  for  which  the  traumatism  or  the 
exiKisure  to  colil  has  jKived  the  way. 

T I  le  n  1  i  cro-o  V)ii  ui  i  s  m  s  IV)  1 1  n  d  i  1 1  pi  e  n  risy  a  re  cj  u  i  te  n  u  m  ero  us.  In 
the  easj's  MM-ondary  to  ordinary  pneimionia,  pru/nnKKHx-ci  are  iW'- 
queutly  discovered,  and  these  micro-orgjinisins  may  be  j^rcsent 
evH^n  though  there  l)e  m\  pneumonia  at  alb  In  tiie  instances 
secondary  to  tubcrcuh^sis  of  the  lungs,  as  well  as  sometimes 
in  cases  of  primary  pleurisy  without  affection  cd'  the  lungs, 
tuberch^ba<'illi   are  discovered.      In  the  purulent  eases,  as  well  as 
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the  name  pneumonia  cdbaj  given  by  older  writers,  was  highly 
significant.  Microscopically  there  are  seen  widespread  rouncT- 
cell  and  spindle-cell  infiltration  and  proliferation  in  the  inter- 
alveolar  and  interlobular  connective  tissues,  with  more  or  less 
compressicm  of  the  bronchioles  and  alveoli.  The  epithelium  of 
the  latter  may  be  somewhat  proliferated  and  desquamated,  and 
shows  a  tendency  to  fatty  degeneration  and  necrosis.  In  some 
instances  the  degenerative  changes  do  not  take  place,  and  the 

f)roliferated  epithelium  of  the  alveoli  is  massed  within  the  alveolar 
umen,  and  is  for  the  most  part  of  a  cuboidal  character.  The 
blood-vessels  commonly  show  proliferation  of  the  adventitia  as 
well  as  of  the  intima,  and  may  be  completely  obliterated.  Ac- 
cording to  Bin^h-Hirschfeld,  syphilitic  fetuses  of  the  sixth  or 
seventh  month  sometimes  present  limited  disease  of  this  nature 
and  of  such  distribution  that  it  is  recognized  to  begin  as  a  peri- 
bronchial and  peri-alveolar  infiltration  of  lobular  distribution. 

Syphilitic  g^mmata  may  be  associated  with  the  diffuse 
form  of  congenital  syphilis,  or  may  be  present  in  the  new-bom 
without  the  latter.  Gummata  are  occasionally  seen  in  adults. 
They  are  present  most  frequently  near  the  root  of  the  lung 
beneath  the  pleura,  but  may  be  scattered  through  other  parts  of 
the  organ.  As  a  rule,  the  number  is  limited.  They  appear  as 
more  or  less  rounded  nodules  of  a  grayish  to  yellowish  color,  with 
more  or  less  fibrous  overgrowth  surrounding  them  and  oflen 
radiating  from  them  into  the  surrounding  luiig-tissue.  Central 
necrosis  may  proceed  to  such  extent  that  cavities  are  formed. 

Occasionally  the  contents  of  a  gumma  may  be  discharged 
through  the  bronchial  tubes,  or  they  may  be  absorbed  and  a 
cicatricial  puckering  of  the  lung-tissue  may  mark  the  place 
of  the  former  disease.  Microscopically  there  are  set^n  in  the 
earlier  stages  the  ordinary  appearances  of  guniniata  (see  Syphilis, 
Part  I.),  with  more  or  less  diffuse  infiltration  surrounding  them  and 
with  thickening  and  hyaline  degeneration  of  the  blood-vessels. 

Syphilitic  fibrous  induration  of  the  lung,  so-called,  has 
been  described,  and  it  seems  likely  that  some  of  the  cases  embraced 
in  the  description  are  really  syphilitic  in  nature.  The  process 
begins,  as  a  rule,  at  the  root  of  the  lungs,  from  which  it  radiates 
through  the  tissue  toward  the  j)leura.  The  fibrous  tissue,  for  the 
most  part,  surrounds  the  bronchi  and  bhjod-vessels  (Fig.  216).  In 
another  group  of  cases  the  process  spreads  from  the  pleura  and 
occasions  the  formation  of  dense  bands  of  fibrous  tissue  passing 
inward  into  the  lung-structure.  In  still  other  cases  the  fibroid 
overgrowth  is  so  diffuse  that  the  appearance  presented  resembles 
so  closely  that  of  pneumonokoniosis,  that  it  is  practically  indis- 
tinguishable. It  is  quite  probable  that  many  instances,  in  which 
appearances  such  as  these  are  met  with,  are  not  at  all  syphilitic; 
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but  the  oocarrence  of  cjiai^pe^  of  this  description   in  association 
with  gummata,  and,  i^ain,  the  occurrence  of  such  changes  without 
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Fk.  nc^-srf'^iEii  ^  hem^t  ^  thiekeued  mlreoUr  waUa  or  ttromm;  b,  pAitlir  Umg^ 
todiaftl  virtina  <^teMutfca»:  <.  tnteilcntod  mlTcr/ll :  <f.  new  eomMMrtfre  tiMtic  fnnUr»l«4 
witb  tmai:  r>czicf  «iia»  r  <.  (Mfii  Itetef  sHroKftt ;  /,  mrUtrj  f bowiof  tblckeocd  walbi ;  ff,  6m' 

gnmrnarta  in  narkiriMU^fllT  yrfibflftM;  individuals^  make  it  likely  that 
some  at  kant  am  MT  du^  ^^f%iii  ai»d  nature. 


Gbau/I^ni  munemmathr  a4E»Hk  tfer  fwlni^inanr  tMm^^  tb#;  infers 
tioD  taking  place  efther  ivf  kdMAsmifm  fnMt  t$Ui*fniiM  h^ma  in 
tfa^  nf0*f:  or  other  portmif^  ^  dW:  (vpf<^T  air-f«MAairiMt^  '^  ttM^r^i 
T%n:\j  by  distribution  of  tfce  baieilU  limf^  tt^  \Af0A.  TW  U^ir^iw 
art  of  two  kinds.  Them  aiof  Iv^  iivw^ly  a  ^rnnrMli  ^^  fMfitik»( 
imiitration  of  a  diffuse  dkWM^Mr^  ^rieh  fiu%  £'#«TMBatfti('4ii  ^i^  ^0^1^110^^ 
and  often  with  associated  heaiMrr&a^  iniCitnai^iif^.  ^>mM^;nJA^ 
ar^a-  of  the  lung  maj  be  awwyvtidafM  in  dviV  foaofPt^^  ^ff  ftl^ 
process  may  be  locaUaed  mA  Miniiar.  f a  <^hf^  <^9m^  i^/ivj^ 
patches  var>'ing  from  the  warn  ^  %  henm-^^eM  v»  f.&t)fe  ^'if  «  y^  x$*^ 
seen  in  various  parts  of  tl«r  Im^  'Tnese  r**wi«w«  *'/  iimd9»^  "/ 
round  cells,  and  show  an  tarfr  iftmfciiey  t>v  detpwierartsiM^-  X/i^i*: 
34 
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ry.     In  one  form  it  presents  itself  as  rounded  masses  of 

grayish  <>r  yoilowii^h  color  lyin^  arc  Hind  tln^  bronchi  in  the  root 
f*i'  till'  Ui\i*x  (I'^i?^^  217),  ( )n  section  tfimuirh  thin  it  is  sc*en  to  con- 
sist of  more  or  k^ss  enlarged  aii<l  tnmsibrincd  lymphatic  ^hmcis, 
and  tlierc  may  he  secondary  iKj4l(ih\s  seattercil  thnmtrli  the  hiri^. 
ThiK  form  of  saivnma  is  particidarly  common  in  j>ni/nrv(imok*»na»sis, 
as  !^'eii  in  the  tihroid  hm^i^s  of  tlic  eohjilt-mimTs  of  S^hneebcrg. 
Priinary  saivomu  may  also  be  of  the  form  ("aHctl  vntlothelioma.  The 
lymphatir  vcsselt^  hi  the  jKTihnjiacln'al  tissue  become  iiUed  witli 
proliferated  cells,  and  thr^ir  ramificatimi  may  be  distinctly  visible  rm 
sicction  as  a  nt^twork  tnivcrsiri»;  tbr  piiinmoary  tissnc.  I*rimarv  sar- 
coma of  tlic  spindlcM-cll  or  round-cell  variety  may  sprint;  from  the 
8ubpleund  coimcctive  tiSHue.  Giant-**cll  san'onui  hjis  been  observed;. 
Secondary  sarcoma  is  extremely  common.  It  is  seen  in  nearly 
all  in>tiuic(»s  in  which  metastxusis  has  oeeurnMl  fnun  a  primary 
grov^th  in  any  part  ol'  the  body.     In  these  cases  there  are  found 
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WiQ*  217<— T.yniphosJtrcotxiA  of  tho  pn«t-bit)iichl«(  glsndB,  Invadlm;  the  Inn)?:  ihu  lutie  ti 
divided  by  m  long  Incision  and  ilic  )iiilve»  laid  ot>eo. 

well-tlcfincd  n< whiles  of  varvinir  size,  situated  f*)r  the  most  |»art 
near  the  surface  of  tlic  luii^  (  Fi^.  21 H).  They  an*  whitish  in  color 
and  tenrl  to  soften.  The  lun^-tissue  between  may  lie  (H>ng:est>ed. 
and  there  may  even  be  pntHmionic  eonsoiidation.  Secondary  sar- 
coma of  the  hmt?  may  also  occur  fr^vm  direct  extension  of  mediasti- 
nal sarcoma  or  of  sarcoma  in  other  of  the  surroiinding'  struct n res. 
An  interest ing^  *^y|^  '>f  ^''erHmdary  iuvolvemcnt  of  tlie  lung^  by 
sarcoma  or  a  prcxjess  resembling  sarcoma  occurs  in  what  is  termed 
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viMuali?,  or  in  prrs^ons  suffering  from  scurvy,  purpuni^  atnl  similar 
dr?;<."a.ses»  As  a  nil€%  the  licjirul  is  semus,  Mith  con.sidt'niblo  admixt- 
ure^ of  IdcMid,  l>ut  in  tulien-idoiis  and  mali^^iiant  pleuriti8  it  18 
sonietinM's  woU  ingh  \^^\vv  blocKl. 

Chronic  Pleural  Thickenirtgr.— This  term  is  used  to  include 
ca^es  of  thickening  i>f  the  pleural  membrane  following  various 
forms  of  ]>Ieyrisy,  and  also  cases  of  a  pn^gressive  productive  char- 
iicter.  To  the  latter  the  term  vhnmU*  phunxy  is,  strictly  speaking, 
more  properly  apjdieable.  In  either  case  the  pleura  is  thick ened 
by  lil>rou.s  overgrowth,  ,sometinies  uniformly,  at  other  times  in 
the  form  of  localized  thickenings  or  adiiesions.  Tlie  subpleural 
pulmonary  tissue  may  become  irii plicated.  Eventually  tlie  tiiick- 
eneJ  plenni  contracts,  and  if  adherent  to  the  chest-wall  may 
cause  retractions.  The  pulmonary  tissue  is  compressed,  but  the 
bronchi  not  rarely  beenuic  atelectatic, 

Aasociated  Lesians  io  Otlier  Parts.— Thouj^h  plcnritis  is  fre- 
quently the  result  of  acute  or  chronic  affections  of  the  Iung»  it 
often  occasions  scc4indary  dtsonlcrs  in  the  latter  organ.  The  sub- 
pleurai  lymphatics  are  eoturiioidy  distended  with  cells,  and  the 
inffanimatory  ]iroeess  may  extetul  for  eonsi<leniblc  distances  along 
these  channels  into  the  interlolndar  septa  of  the  lung.  In  empy- 
ema the  resulting  purulent  lynijihangitis  and  perilymphangitis 
lead  to  striking  patliologie  a|>pt^aranees  (see  Pneirmonia).  The 
linig  also  sittfcrs  from  <lireet  pressure  in  perous  and  juindcnt  plcu- 
ritis.  If  the  coni]ircssiou  to  which  it  is  subjcf'tccl  is  not  relieved 
by  ahsr^rptinn  of  th*!  liriuid,  (»r  by  its  removal  bv  aspiratiiju,  the 
alvetfhir  cjnthclium  degenerates  and  proliferative  itdlanmiation 
takes  place  in  the  4'ouTiective  tissue,  so  that  a  permanent  contrac- 
tion of  i\w  lung  result*^.  'I^he  removal  of  the  lirpiid  at  this  stage 
is  not  foll(»\v(^d  by  the  return  of  tlie  lung  h\  its  proper  size  an<l 
funf^tion.  On  the  crnitrary,  tin*  removal  or  absorf)ti*)n  c*f  tlic  litpn<l 
in  these  cases,  cs|>ec*ially  wlien  tln-y  ot»t*nr  in  y^uing  children,  causes 
a  sinking  in  «tf  the  rilis  and  eurvatinx*  of  the  sfunal  colurun,  and 
the  heart  and  other  adjacent  iirgans  may  hv  |)crmunently  dis- 
placed. Most  remarkable  deformities  of  the  chest  may  <K'inn\ 
Ijess  extensive  contractitm  of  one  side  of  the  ebest,  or  dis}>lace- 
inent  of  the  hearty  may  result  from  the  contraction  of  bands  of 
adhesions^  without  marked  colla|»se  of  the  lung. 

Patlialogic  Phyaiology.— Acute  pleurisy  occasions  marked  loC4il 
symptoms,  beginning  with  sliarp  pain  on  the  side  affected.  Tliis 
is  usually  due  to  the  local  in  dam  mat  ion  and  rubbing  of  the 
affected  parts.  There  may,  however,  be  extensive  neuralgic  pains 
radiating  fn*rn  the  center  of  infection*  Witli  the  <!cvelopnient  of 
etfusion,  the  pain,  as  a  rule,  subsides,  as  docs  also  the  irriUitive 
cough  which  attcTjds  the  first  stage,  l»ut  shortness  of  breath  de- 
velops in  correspondence  with  the  amount  of  effusion*  Very  ex- 
tensive  effusion    in    the   elie^st    may,  however,  cause  even   more 
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markfti  pain  and  temleniess  ihan  dvy  pleurul  iuHamimition.  The 
in  tout  ion  in  ,siru|ik*  plenrisy  seems  to  be  a  mild  one^  as  fever  and 
constitutional  symptoms  are  rarely  marked.  Sometimes  the  tem- 
perature is  a  rtnetuatinfij  one,  and  sweatin^j  and  eonstitntioual  de- 
pression further  suggest  ynppu ration,  though  the  effusion  is  purely 
serous.  Irregular  fever  and  constitutional  symptoms  of  the  kind 
indicated  are  habitual  in  empyema. 

INFECTIOUS  DISEASES, 

Tuberculosis  of  the  pleura,  or  tuliereulous  pleuntis,  may  be 
either  primary  or  seeondary,  CaHes  of  the  former  art^  e<miparar 
lively  rare,  Jn  most  instances  the  pleural  disease  is  seeondary  to 
tuhereulosis  of  the  lungs,  or  to  tul>erculosis  of  r^tluT  adjoining 
parts.  Heraatogenie  infection  may  (X'cnr  under  the  same  con- 
ditious  as  hematogenic  infcc^tion  of  the  hiugs,  and  frequently  the 
lungs  and  plcune  are  studded  with  miliary  tubercles  at  the  same 
time, 

Wiicn  the  pleural  disease  is  seeondary  to  tuberculosis  of  the 
lungs  the  appearances  vary  considembiy.  In  many  eases  small 
gray  or  yellow  tubereles  are  found  in  the  subpleurat  connective 
tissue  and  in  the  pleura,  and  the  surface  may  be  coated  with 
fibrinous  exudate,  wliile  the  cavity  of  the  pleura  may  be  more  or 
less  distended  with  H/rotihrinous,  hennirrhagie,  or  purulent  li(pii<L 
Xot  rarely  the  litpiid  effusions  are  reabsorlied  and  dens(*  adhesions 
are  formed,  or  great  thi^'kening  of  the  pleura  results.  Sometimes 
considerable  i^aleilicatinu  of  the  thiekenetl  pleura  and  <if  the  in- 
spissated exudate  is  the  terminal  restdt.  1  nc  tubercle-ljacilli  are 
often  difficult  to  demonstrate  iu  the  liquid,  even  by  injections  into 
animals,  thougti  they  may  be  present  in  the  pleura  itself. 

Syphilis  <>f  the  pleura  is  a  dcMibtful  cfuiditiou.  Fresh  pleuritis 
may  be  fbuml  in  the  urighliorhoud  i>f  a  syphilitic  gununa  ;  and 
tliere  are  cases  nf  considerable  pleural  thiekcriing  iu  syphilitic 
persons  in  which  the  disease  may  possil)ly  be  sypfiililic,  though 
in  these  eases,  as  in  similar  indurative  conditions  in  the  lungs, 
there  is  considerable  doul)t  as  to  the  essential  nature  of  the  disease. 


TUMORS  AND  PARASITES. 

Tumors  «*f  th(^  pleura  are  enmparatively  rar(\  Fihromnfn 
and  fipontfffff  arr^  oceasionally  s€*en  as  small  nodular  masses  in  the 
serous  or  subserous  coat  of  the  costid  or  visceral  phuni.  Chon- 
(IroffKfffi  imtl  even  u.^^ftomaffi  have  lieeti  o!)S(Tved,  More  frequent K' 
caleifimtiou  and  ossification  of  portions  of  the  thickened  pleura 
take  ptaci.*  after  plcuritis. 

Primary  mircoma  may  spring  from  the  subplcural  connective 
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surface  with  a  single  layer  of  flat  endothelial  cells^  between  which 
therr  are  upenin^j^  from  the  pleural  cavity  into  the  sulipleiiral 
lyrnphati<*8.  Tlie  latter  Ibrni  a  rieh  network  in  the  snltph^ural 
conneetive  tissue  and  play  an  itii porta nt  part  in  the  pathologic 
processes  affeeting  the  pleura. 


CIRCULATORY  DISTURBANCES. 

Passive  hyperemia  oemi-s  in  %'arious  diseases  interfering 
with  the  respinition,  and  still  niorv  intensely  in  eases  in  whieh 
there  is  pressure  upon  the  azygos  veius  or  diffuse  intnillioraeie 
pressurts 

Petechial  hemorrhag^es  may  oc^cur  when  the  congestion  is 
intense.  Tliey  are  partiridarly  frefjuent  and  prominent  in  cases 
of  tlratfi  f'n>m  siif!beatit>n,  hut  are  also  seen  in  vilrions  distjnlers 
of  tlu'ld(MKi  imd  hi'morriiagi*' eliatheses,  surh  as  pi-niieions  anemia^ 
purpuni,  anrl  intirxii'utions  of  variotis  kinds. 

Hemothorax  is  the  term  aj>plied  to  thi'  |>resenee  of  (wv  l^lood 
in  the  pleuntl  cavity.  It  may  he  due  Uy  woimds  of  the  ehesl-wall, 
eansing  rupture  cjf  hhKKl-A'i^ssels,  to  fracture  of  the  ribs,  and  to 
rupture  uf  aneurysms  inhi  the  pleunil  sae.  In  some  eases  the  eti- 
olocry  is  uhsrure.  If  the  jiletjra  is  in  a  lieahhy  ennditi*jn  and  sec- 
ondary infeetion  does  uiil  take  plare,  more  4)r  less  rapid  absorption 
of  tht^  bliHid  (ensues.  Wlirn  infei-titm  mrurs,  sei'oiidury  iuHani- 
niations  of  the  pleura  ami  disorganization  of  the  blood  result. 

HydrothoraXj  ur  dmpsy  of  the  ph'untl  cavity,  may  l>e  but  a 
part  uf  a  gentTal  i'dcma  m'enrring  in  chronic  kidney -disease  or 
lieart-dist^ase.  It  is  usually  bilateral^  and  the  Huid  jrresents  the 
onlinary  eharacteristics  of  a  serous  etrusion.  Unilateral  livflro- 
tiumix  is,  howcvta%  n(»t  inlVe^jueut  in  eanlrat*  disease'  attended  with 
gn*at  eidargement  <»f  the  or^an.  Tl»e  liydnithcirax  in  sueh  cases 
is  genemlly  right-sided,  JUid  is  [>rnbably  due  to  pressure  uptm  the 
azvgos  veins  and  tlie  ruut  of  the  right  lung,  llu*  jileura  itself  is 
not  piirlieularly  disc*rdered,  but  very  freijuently  siMue  opac*ity  and 
k>ss  (d"  hister  is  notetl,  and  then*  may  be  edema  ed'  the  subphrunil 
fihnnis  tissue.  The  luug-s  are  pressed  bat^kwartl  toward  the  n:K»t 
and  against  the  spinal  <'olninn,  ami  may  be  eousiilerably  com- 
pressed. Unilateral  liy4lrot!iorax  may  be  tlue  to  pivssure  njxxn  the 
veins  of  one  side  l>y  tmnors  i>r  aiieurysuL  A  small  anicjunt  of 
sereuisoutjHJurijig  into  the  pleural  sjics  oeeurs  quite  euUHnnuly  just 
prior  tn  deatli. 

flyilrnthorax  eauses  rompressiou  of  tlu^  huigs  anr!  displacement 
•of  ttie  other  iwljaeent  vis4*era.  The  seriousness  of  the  results  are 
in  pri>pru'tion  to  the  anuumt  nf  etfusifui. 

Pneumothorax  designates  the  presence  of  air  in  the  pleural 
<*avitit*s,  It  uiay  result  fn»uj  ruptiu'e  nf  tube  reiilons  vomiea%  gan- 
grenous areas,  sulleuetl   hcuiorrhagi*^   infarcts,  or  abseesscis  of  the 
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lungSj  or  rupture  of  empliysematoua  air-vesicles  beneath  the  pleura, 
allowing  egress  of  air  luto  tlie  [jleunil  siic*.  It  may  also  <M*rur  iiftt^r 
an  erapyema  has  ruptured  into  the  lung  and  establishefl  a  fistu- 
lous eonimuniratiou  hetWi'en  tlie  pleural  sat*  and  the  Iirouehioles. 
Very  rarely  it  is  due  to  a  jH'uetniting  wound  fii"  the  t*hest.  The 
plennd  sae  Tuay  Ij(*  luore  or  less  teostdy  distended  with  air;  the 
lung  is  puslun!  baekward  a<^iust  the  sjiint^  is  niorr  or  less  »::niy- 
ish  or  bmwnish  in  e<»lor,  iiidurat<'d  and  airle&n.  The  pleura 
itself  may  present  no  abnormal ity,  and  the  air  may  be  absorbed  ; 
but  very  frequently  infeeti<in  takes  plaee,  and  jiunilent  exudation 
from  the  pleura  er>lleets  in  the  sae.  The  ennditiou  is  tlieu  spoken 
of  as  pi/opnnffiiofhorax.  The  neigliboring  organs  iire  otVen  gn'atly 
displaeed,  partieularly  tlie  heart,  the  <liaphnigm,  and  the  liver. 
In  letVsitlefl  pueumotliomx  the  heart  may  l»e  pushed  far  to  the 
right  of  the  sternum^  and  when  the  right  siile  is  affected  the  liver 
may  be  pushed  downward  eonsideraldy  below  the  ribs. 


INFLAMMATION. 

Inflammation  of  the  pleura,  or  pleuritis,  is  designated 

by  the  elinieal  name  pknri.'ij/. 

Etiology. — It  may  result  from  loeid  or  from  general  causes. 
Among  the  loeal  eaus^s  Ua-  most  iiniHirtant  are  extension  <jf  inthim- 
mation  from  tlie  huigs  in  thi*  various  forms  of  juieunionia,  in  gan- 
grene and  tnl)ereulttsis ;  extension  i'rom  |)eri<'arditjs  or  mediastinal 
diseases,  anil  extension  from  inflanunatorv  affeetions  of  the  spine^ 
of  the  ribs,  or  of  the  eliest-walls.  Less  <Jiivetly  peritonitis,  hepatic 
abse4:*8S,  and  otlier  abdominal  atfeetions  may  oeeasion  pleiiritis  by 
extenaioUj  an<l  in  rare  eases  perforatirm  of  esf»|*liageal  or  g:is- 
trie  uk"ei"s,  or  abset'ss  oi"  the  sple<*n  or  liver,  may  be  the 
canne* 

In  the  gnnip  ol*  eases  due  tti  genend  eanses  the  j>leund  inflam- 
mation is  the  rc^snlt  of  iniretion  or  intoxieation  involving  the 
pleura  thrf»ngh  the  blood,  'f  has  in  pyemia  arul  septieemia,  in  rheu- 
matism, and  in  c»th(*r  aente  infretions  disras<'s,  ant!  in  BrightV  ths- 
ease,  aent*'  inHammation  of  the  pleniii  is  not  nneonuncin,  (old 
and  traunnitism  iiave  hmg  been  rcganh'd  as  important  eanses,  but 
their  aetiun  is  doubtless  only  a  preilisposirig  one,  (he  immediate 
cause  being  «<ime  iufeetion  for  wliieh  the  t  ran  mat  ism  or  tin* 
ex|iosure  to  eold  lias  paveil  the  May. 

The  miero-orgnnisms  fontid  ir)  pleurisy  are  rjriite  numerfuts.  In 
the  eas4\s  seetHidary  to  ordin;iry  pneumonia,  pnenn*oeoeei  an-  fre- 
quently iliseovered,  and  thes*'  uiii'ro-orgjtnisms  may  lie  present 
even  tliongh  tliere  be  no  pneumonia  at  all.  In  the  instanees 
fieeondary  to  tulH*reuhisis  (*f  the  huigs,  as  well  as  sometimes 
in  eases  of  primary  pleurisy  without  a  fleet  ion  of  the  lungs, 
tuberele-baeilli  are  <lis<'overed.     In  the  jninihiit  cases,  as  well  m 
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in  some  instances  of  simple  fibrinous  or  serofibrinous  pleurisy, 
staphylococci  and  streptococci  are  detected.  When  there  is 
abundant  liquid  it  is  always  diflicult  to  discover  the  micro-organ- 
isms, and  in  many  instances  in  which  bacteria  have  not  been  found; 
it  is  probable  that  the  difficulty  of  their  demonstration,  even  by 
animal  experimentation,  accounts  for  the  failure  to  demonstrate 
them,  rather  than  their  absence.  In  rare  instances  other  forms 
have  been  seen,  such  as  the  Bacillus  coli  communis,  the  typhoid 
bacillus,  the  bacillus  of  anthrax,  and  others. 

Pathologic  Anatomy. — Several  forms  of  pleuritis  may  be  recog- 
nized, though  one  of  these  merges  into  the  other,  and  a  single  case 
may  pass  from  one  into  another  form  at  its  various  stages.  It  is 
well,  however,  to  separate  these  stages  as  distinct  forms,  since 
many  cases  maintain  a  uniform  character  throughout.  The  forms 
are  the  JibrinouSy  serofibHnouSy  purtdait,  and  hemorrhagic ;  after 
any  of  these  forms  there  may  be  left  chronic  pleural  thickening  or 
adhesions  of  a  fibroid  character. 

Fibrinous  pleuritis  begins  with  congestion  and  loss  of  luster 
of  the  pleund  surface,  after  which  there  soon  follows  exudation  of 
a  fibrinous  character,  forming  a  thin,  whitish  pellicle  on  the  sur- 
face. This  may  become  yellowish  and  increase  in  thickness,  so 
that  the  pleural  surfaces  become  agglutinated,  and  when  separated 
present  an  appearance  likent^l  to  the  appearance  of  two  pieces  of 
buttered  bread  separated  after  having  been  pressed  together 
(bread-and-butter  pleurisy).  This  process  may  be  confined  to 
small  areas  of  the  pleura,  or  it  may  be  quite  universal.  Some- 
times it  is  limited  to  the  reflections  of  the  pleura  separating  the 
lobes  of  the  lung. 

Microscopically  tlie  exudate  consists  of  fibrils  or  flakes  or 
granular  masses  of  fibrin  more  or  less  infiltrated  with  round  cells. 
Beneath  tliis  the  endothelium  of  the  pleura  is  found  to  be  some- 
what thickened  by  proliferation  and  some  of  the  cells  are  detached. 
Two  conflicting  views  have  been  entertained  regarding  the 
origin  of  fibrin  formation  in  the  pleura.  According  to  one 
the  deposit  is  purely  exudative  and  the  endothelium  is 
in  nowise  involved,  being  found  intact  under  the  fibrinous 
layer.  According  to  the  other  view  the  fibrin  formation  is 
partly  dependent  upon  destruction  of  endothelial  cells.  The 
connective  tissue  beneath  the  endothelium  and  the  subpleural 
connective  tissue  are  infiltrated  with  round  cells  and  the  blood- 
vessels are  hyperemic.  In  fiivorable  cases  and  when  the?  jmK^ess 
has  been  slight  a  gradual  reabsorption  of  the  exudate  takers  j)lace, 
and  the  integrity  of  the  pleura  may  be  restored  completely. 
When  the  exudate  has  been  more  extensive  and  the  agglutina- 
tion of  the  pleural  surfaces  has  been  considerable,  new  blood- 
vessels from  the  capillaries  of  the  pleura  penetrate  the  fibrinous 
exudate,  fibroblastic  cells  develop  from  the  older  connective-tissue 
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rolls,  a  lid  |2frnd  unity  Dr^iinization  takes  place,  so  tliat  tlie  adjacent 
layers  of  pleura  are  I  m  nun  I  to^etlier  by  ermneetive  tissue,  the 
tibrinout*  exudate'  gradually  umlerg^uu^  ubsuqitiau  and  disappear- 
ing. Tile  adlit^sioas  i\m^  tornifd  are  at  first  <U*lieati*  and  quite 
eellidar,  but  are  later  eonverted  into  dense,  si'lerotie  bands. 
When  ftljrinous  pl*«urisy  netMirs  reiM'at4HUy,  as  !n  tubereulitBiti 
tit*  the  lungs,  aud  is  iii>t  suHieiently  extensive  to  eause  adhe- 
Bions,  the  gurfaee  of  the  pleura  may  bw*onie  tlnVkened  ami 
opaque  in  s|M>ts  from  prcdiferatirtn  of  the  eonneetive  tissue. 
In  this  way*  eonsiciercd>le  chronie  thickening  tA'  the  pleura  may^ 
ensue. 

Serofibrinous  pleuritis  may  be  simply  a  furtlier  stage  of  the 
foregoing  ft»rm»  though  in  many  instanees  it  Ijegins  almo.st  at  once 
as  a  serons  exudation  into  the  j^enral  sae,  Tlie  liquid  is  heavier 
than  dropsical  fluid  and  eontains  flakes  and  shreds  of  tilirin. 
Miero.^copieally  it  is  found  to  eoutaiu  wliite  and  red  blood -eorpus- 
ehs  in  snudl  inmdMTs,  and  oeeasionally  detarheil  endothelial  cells. 
Sometimes  the  un ruber  rtf  n-il  fttrpuscles  iuerrases  considerably, 
and  th(*re  may  be  a  gradual  tnuisiticin  to  the  heninrrhngie  fVirrn  of 
jileuritis.  The  amount  of  litpitd  varies  innn  a  few  cubic  eenti- 
nietei's  to  several  liters;  ami  the  pleura  itself  sho\>s  a  more*  or 
less  extensivT  eoating  of  fibrinous  exudate*.  The  limg  is  pressed 
1  rack  ward,  as  !n  pm^innothitnix  or  hydrothorax,  and  the  adjacent 
organs  an*  situilurly  displaeiMh 

Purulent  pleuritis,  nr  empyema,  or  pyothorax,  is  always  the 
result  of  ruiero-organismal  infection.  '^I'ln*  process  may  Ijegin  as  a 
purulent  pleuritis,  *ir  as  a  primary  serotibrimnis  pleurisy,  second- 
ary infc<"tion  occurring  either  from  within  the  bmly  or  through 
intrct(tl  aspinitiug'iustrumenfs  Irom  without  tlu'  body.  When  a 
trausiticai  of  the  latter  kind  cK'cnrs  the  exudate  i&  seen  t<)  lKe<ime 
more  and  rimre  turbid  ;  the  ruuobt^rtd"  juis-cjnrpiiselcs  gnitlually  in- 
creases until  the  liquid  is  <[uite  purulent.  S|jc»ntaneons  diseliargc  id* 
enipyema  may  occur  and  most  frequently  takes  ]ilaee  throngli  the 
luug  and  bronchi,  Sfore  rarely  rnptnre  occurs  through  the  chest- 
walls  anteriorly  bctw(vn  the  ribs.  When  rujiturc  has  r»eeinTed 
through  the  hmg  and  bronchi  the  fistulous  eoniniimication  may 
remain  open  and  pneumothorax  may  ensue. 

The  pleura  in  empyema  shows  nK>re  or  less  abundant  granula- 
tions, which  in  ease  of  disi'harge  of  the  liquid  serve  eventually  to 
unite  the  costal  and  pulmonary  pleura  by  tirm  fibrous  a<llH'sions, 
Occasionally  the  ]ms  may  lie  conqrlclcly  absorbed,  or  it  may 
I J  n  i\  e  rgo  gra  ( 1 1  la  1  i  i  *  s  p  i  s  sa  t  i  u  r  i ,  i*e  r  j  i  a  i  u  i  n  g  as  a  1 1 1  o  re  o  r  1  ess  e  1 1  eesy 
detritus,  which  may  hnaliy  become  ealcarefais.  8uch  terminations, 
however,  are  rare. 

Hemorrhagric  pleuritis  is  gener4dly  the  result  of  tuberculous 
infection  c*r  td"  malignant  disease  of  the  lungs  and  pleura.  Pleu- 
ritis miiy  also  take  a  hemorrhagic  form  in  old  and  eaeheetie  indi- 
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vitlualj^,  or  in  piTson,^  suffering  fnym  scurvy,  [>urpitra»  and  .similar 
diswises*  As  a  rule,  tlie  liquid  is  sfiTnis,  with  iHrnsitlcrjiblt^  admixt- 
ure of  Iilmwl,  but  in  tubrrrulous  and  malignant  pituiritis  it  18 
80fnetinies  wt'll  ni^h  \nirv  bkxwL 

Chronic  Pleural  Thickaniagr. — This  term  h  used  to  include 
cases  of  tliiekenint^  tif  the  pleural  membrane  ibllowio^  various 
forms  of  pleurisy,  and  als(j  eases  of  a  pn)^^ressive  produetive  char* 
acter.  To  the  latter  tlie  term  i'hrottie  jt/rnrij<ti  is,  strictly  sjieaking, 
more  properly  applicable.  In  eitlier  ease  the  pleura  is  thickened 
by  tilu'LMLs  overgrowth,  sometimes  uniformly,  at  other  timers  in 
the  form  of  localized  thickenings  or  adhesions.  The  subpleural 
pulmonary  tissue  may  become  im[>lieated.  Eventually  the  thick- 
eneil  plenra  eon  tracts,  antl  if  atlherent  Ut  the  chest- wall  may 
cause  ret  met  ions.  Tlie  pulmonary  tissue  is  compressed,  but  the 
bronchi  not  rarely  become  atelectatic. 

Associated  Lesions  in  Other  Parts. —  Though  plenritis  is  fre- 
ijuently  the  result  of  acute  or  ehronie  atfeetinns  of  the  Inn^i  it 
iA\vn  occasions  sec^oudary  disorders  in  the  latter  organ.  The  sub- 
pleural lympluvtics  are  commonly  (listended  with  (*ells,  and  tite 
intlammatory  prfH-css  may  extent]  Ibr  consideralde  distances  along 
these  channels  into  the  interlnbntar  sx^ita  of  the  hmg.  In  empy- 
ema the  resulting  |>urnltnt  lymjihangitis  and  perilymphangitis 
lea<l  to  striking  pathcdogi<;  appeanuices  (see  Fncnmonia),  T\w 
limg  also  sutfei"s  from  *Iirect  pressure  in  senais  and  puruh^nt  plen- 
ritis. If  tht^  eonn>ressiou  to  wliieli  it  is  snhjeeteil  is  not  relieved 
liy  absori>tion  of  the  li(juid,  or  Iiy  its  removal  by  asjiinuiun,  the 
alveolar  i«|>it helium  degenenites  and  i»roliirnitivc  iuHamnnitiim 
takes  plaet*  in  the  ernmcctivc^  tissue,  s*>  that  a  permanent  eontrat*- 
tion  of  the  lung  results.  The  removal  of  tht*  liquid  at  this  stage 
is  not  followed  l*y  tlie  return  of  the  lung  to  its  ])rt*[H*r  size  and 
t*un<'tion.  On  tlie  t^ontrary,  the  renK)vaI  or  absor|»ti(m  of  the  liquid 
in  these  cases,  es|>ei'iany  when  they  oi-cnr  in  young  eliildren,  causes 
a  sinkmg  in  of  tlie  ril*s  and  curvature  ol'  the  s|*inal  coluitni,  and 
the   heart  anil   f*th(*r  afijaeent   orgiins  rnay   be   jiernKincntly  dis- 

I^laeed.  Most  remarkable  deibnnities  of  the  chest  may  o<*cur. 
[jeijw  extensive  eontniction  of  one  side  of  the  ehest,  or  displace- 
ment of  the  heart,  may  result  from  the  e<jn  tract  ion  of  bands  of 
adhesions,  without   marked  colla]ise  of  the  lung. 

Pathologic  Physiology. — Acute  pleurisy  nccasions  marked  local 
mptoms,  beginning  with  sharp  pain  on  the  side  affected.  This 
IS  usually  dui^  to  the  locjil  iuHammation  and  rublnng  of  the 
affected  parts.  There  may,  however^  be  extensive  neiiralgie  pains 
radiating  from  the  center  of  infection.  With  the  development  of 
effusion,  the  pain,  as  a  rule,  suljsides,  as  df^es  also  the  irritative 
cough  which  attends  the  lirst  stage,  but  shortness  of  l>reath  de- 
velops i  u  e o r r es p» i u d « m i< *e  with  t h e  am o u n t  o f  e ffu s ioi i.  Y e ry  ex- 
tensive  effusion    in    the    chest    may,  however,  cause  even   more 
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niarkoil  piiiu  and  kMideniess  than  tlry  pleural  inflamiiuitioo.  The 
infection  in  siiii|vl«3  |jlpurisy  seems  to  he  a  mild  one^  as  fever  and 
constitutional  symptoms  are  rarely  marked.  8<imctimes  the  tem- 
perature is  a  Huetuatin^  one,  and  sweating  and  eonstitiitional  de- 
pression further  suii^crest  .snppnnition,  though  the  t  ffusion  is  purely 
serous,  Irre^jnlar  fever  and  eonstitutional  symptoms  of  the  kind 
indicated  are  habitual  in  empyema, 

INFECTIOUS  DISEASES, 

Tuberculosis  of  tlie  pleura,  or  tul)ereuhMj,s  pleuritis,  may  be 
either  primary  <jr  se(x>ndary.  (Uses  id'  the  i(>rmer  are  t-onipaiu- 
tively  rare.  In  most  instauees  tl»e  pleiii-al  disease  is  seeondarv  ti» 
tnhereulosis  of  the  huijLr:^,  or  to  tubereidosis  of  other  adj*iining 
parts.  Hematogenie  intection  may  oc^eur  under  tlie  name  eoii- 
ditiouH  as  hematogenic  infeetion  of  tlie  Inngs,  and  frequently  the 
lungs  and  pleune  are  studded  witlj  miliary  tubereles  at  tJie  siime 
time. 

Wlien  the  pleural  disease  is  se^^ondary  to  tnbereulosm  of  the 
lungs  the  ajvpearanees  vary  eonsi<leral)ly.  In  many  eases  small 
gray  or  yellow  tubercles  are  found  in  the  subplenrai  eonnective 
tifcjsue  and  in  the  pleuraj  and  the  surface  may  be  coated  with 
fibrinous  exudate,  while  the  eavity  of  the  pleura  may  be  more  or 
less  distended  with  s^Tofihrinoiis,  heniorrliagit*,  ^>r  purulent  liquid. 
Not  nirely  the  liipiid  ell'usions  are  realisorlied  and  ileuse  adhesions 
are  fnnurd,  or  great  thirktHiing  of  the  pleura  results.  SojuetimeH 
consideral)le  tudeiKt*ation  of  the  thickened  pleum  and  tif  the  in- 
spissated exudate  is  the  terminal  residt.  1  lie  tul>erele-l»a<'illi  ai-e 
often  diilicult  to  demonstrate  in  the  liquid,  even  by  injeetions  into 
animals,  tliough  they  may  be  present  in  the  ph^iira  itself. 

Syphilis  of  the  pleura  is  a  douljtful  condition.  Fresh  plenritis 
may  be  fouml  in  the  neighi»orhoud  of  a  sypliilitie  gumma  ;  and 
there  are  eases  of  considenilde  pleural  thiekening  in  syprdlitic 
persons  in  winch  the  disease  may  possibly  l>e  syphilitic^  though 
in  these  eases,  as  m  similar  indurative  conditions  in  the  lungs^ 
there  is  considerable  doubt  as  to  the  essential  nature  of  the  disease* 


TUMORS  AND  PARASITES. 

Ttunors  of  the  phura  are  comparatively  n^rc.  Fihmmaki 
anil  fipfmutta  are  (K'casionally  seen  as  small  nodidar  masses  in  the 
serous  or  snbserous  coat  of  tlie  costal  or  viscei*al  pli^nra.  6%oh- 
dromata  and  even  ostfomaffi  have  l>een  observed.  More  frequently 
calcitieation  and  ossitieation  of  portions  of  tlie  thickened  pleura 
take  i>laee  after  plenritis. 

Primary  mrcomfi  may  spring  from  the  subpleural  connective 
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tissue,  and,  nccordiiijj:  to  CWts,  is  espeeially  conininn  in  cliihireii, 
and  ij*  most  frfrjiiently  of  tlic  spiDdlt -rell  variety,  Priinan'  endo- 
fhdmmtf  of  the  plt^nra  Iva>  l>een  stiuli*'d  by  a  niioilier  of  inve?iti«!;a- 
tors.  In  a  ease  «iiid*"r  my  ohservatiim  it  presi'nt<'<l  itself  a,s  a 
more  or  les^s  uniform  thii'kenin^  of  the  pleura  of  mw  sitle,  involv- 
iiiL^  the  diaphraurmiitie  refleetirm  in  jKirtienlar.  The  ravity  was 
filled  with  hemurrhittrie  flui<I,  and  tliere  were  some  newlnlar  enlarge- 
mt'nts  on  the  surface  (Fijj^s.  219  and  220).  This  is  the  nsoal  a|v 
pearanee  presented.  Metastasis  may  oeenr  in  the  lung  hc^neath 
the  diseased  pleun»i  or  even   in  nic»re  <listant  parts. 


Fia.2m— Endoth 


:  the  pleuml  CBTity  wau  dlftteudtni  with  effuBioQt  and 
.  ^sed  ttiiii  Inv&ded  by  iceontlary  nriflules. 


Seeondim^  tnmor>^  of  the  plenm  may  occur  by  metastaBift  or  by 
direct  extension.  In  the  fnrnuT  manner  Harrftwfitff  and  fftrcino- 
wfita  sometimes  involve  this  stnieture ;  by  the  latter  method  of 
involvement  mammary  tumors  and  new  f^rowths  of  the  medias* 
tinnm,  the  ribs»  or  other  adjaeent  structures  may  extend  to  the 
pleura. 

Parasites, ^EeiiinuetHx us  eyst*5  may  originate  in  the  sub- 
sercKLs  eonneetivc  tissue  of  the  costal  or  tlie  visceral  pleura,  and 
may  rupture  into  the  pleural  cavity.     Psorospc*rmijp.  have  been 
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Fie.  220.— Microttuopic  auction  ixum  Uxc  prticeUiiig  iiiUtttraiiuo. 

found  in  plt^iinil  effusions.     The  Annpha  eoli   lia;?  l)een  tbiind  in 
the  pii9  of  eiupyejiui  ibllLMviug  hepatic  abijcesti. 


CHAPTER    V. 
DI5EA5E5  OF  THE  Q ASTRO- INTESTINAL  TRACT. 

THE   MOUTH. 

CONGENITAL   ABNORMALITIES. 

The  most  fretpiont  defects  in  the  development  of  the  mouth 
are  deji  palate  and  harelip.  In  tlie  tornier  of  these  the  entire 
hard  palate  may  h<-  divided,  general ly  to  one  jside  of  the  middle 
line;  an<l  there  may  be  a!^srK*iated  harelip  and  fis8ure  of  the  soft 
palate.  Anteriorly  the  divisiim  oeeiii-s  In'tween  the  superior 
maxillary*  bone  and  tlie  intermaxillary  heme,  the  tissnre  of  the  tip 
being  also  to  one  side  and  often  extendintj:;  into  the  no8tnl.  The 
soft  palate  is  diviiled  along  the  middle  line,  and  the  nvnla  may  be 
separate(l  into  lateml  halves.  The  lip  may  be  cleft  on  both  sides, 
so  that  there  is  a  small  eentnd  juirticni  eonneeted  with  the  septimi 
of  the  nose  and  separated  from  the  latertd  portions  of  the  lip. 
Harelip  is  mon^  frequently  nnassoeiateil  witli  eleft  palate. 

Complete  absence  of  t!ie  lips ;  or  unusual  shortness,  espeeially 
of  the  upper  lip ;   excessive  largeness  of  the  mouth  by  extension 
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of  the  fissure  outward  toward  the  ear ;  and  imperfect  development 

of  tlie  lowor  jaw-bone^  are  rare  I'ongenital  eonditions. 


CIRCULATORV    DISTURBANCES. 

Anemia  of  tlu*  mucous  meiiilmuies  nf  the  loouth  is  seen  in 
eases  of  general  aiieiiiia,  and  is  ofteji  tme  of  the  most  striking  evi- 
denci's  of  tijat  eoiKlition.     It  is  partieularly  noticeahk*  in  \\w  lips. 

Hyperemia* — Active  hifperemht  (X'curs  in  the  early  peri^Ml  of 
various  inttiiininations,  wliile  pffK^rvf  h if ptrnriia  li^  met  with  as  tlje 
result  of  obstruction  of  the  eireulatinu  in  pulmonary  and  eaniiac 
diseases. 

HemOirliag'eS  in  tlie  form  of  small  peteehiie  occur  in  pur- 
pura antl  other  hcnit^rrhagie  Jiseast's,  aud  sometimes  in  infectious 
ievers. 

INFLAMMATION. 

Inflammation  of  the  nmeous  nieirjlTraue  of  the  mouth  is  tenned 
stftmafitLs ;  inflammation  of  tite  tonji'U*'  is  desif^nated  liy  the  name 

Stomatitis  may  l>e  of  varyinj^  eliaraet^^r  and  intensity. 

Catarrhal  stomatitis  may  residt  fnan  din'c^t  irritation  by  hot 
liquids  or  (^hi'mieal  substances,  or  may  occur  in  dcprt'sscd  roudi* 
tioiL^  of  t!ip  j^i-ntral  system,  possildy  as  a  cuuscMjutiirc  of  ijifeetion. 
it  is  more  common  in  chihiriJi  than  in  adutls.  Tlu*  mucous 
nienif>nine  <jf  the  moutli  is  rrd  ami  usually  rovert^d  witli  eon- 
sidcrable  lifjuid  exudatinn.  Wluii  the  in  Ham  mat  inn  is  intense 
small  vesicular  cyst*i  may  form  from  distention  of  tlii'  mucous 
glands,  and  even  localized  erosions  may  apjicar.  When  the 
inflammation  has  continued  for  a  lon^  tiuic,  or  lias  been  repeated, 
tlirrc  may  form  upon  tlie  surface  silvtTy-wlnte,  slit^htly  4'levated 
sjxjts,  which  res^ult  from  a  hypirplsisia  of  the  ejatlu^liiim,  ir  form 
of  krnttfmiH,  This  condition  has  been  designated  liy  the  name 
of  intkftpiakift. 

Mild  catarrhal  conditions  of  the  mucous  nu^mbmne  of  the 
month  are  especially  conunon  on  the  tongue,  the  epithelium  of 
whicli  constantly  cl esq ua mattes,  lu  (he  e^iurse  of'  j^a-^tro- intestinal 
and  other  diseases  the  desquaiuatiou  may  be  more  a<*tive,  the 
cells,  however,  beinji:  n^tained  upon  tlie  surfac»\  I'orticms  of 
fcKKl  and  Ijaeteria  cling  to  tlie  masses  of  desquanuitcd  cells,  and  in 
this  manner  the  whitish  or  brown  is  li  fnrriuf/  of  (he  ionffue  S4j 
commonlv  met  witli  in  various  diseases  is  fnrmrtL  Sonjetimes 
the  lu^aping  of  epithelial  et^lls  takes  place  in  hiealizi  d  areas,  and 
extends  in  peculiarly  irregular  patrhes,  wliieh,  [vum  their  resem- 
hlance  tu  nuips,  have  given  rise  !u  tlje  teinn  *'g*'4>gnqihical  tongue.'^ 
In  chronic  eases  the  whitish  spots  of  leukoplakia  alluded  to  above 
are  forme<l.  Psoriasis  of  the  tongue  presents  lesions  analogous 
to  those  of  tlie  skin. 
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Aphtlious  stomatitis  occurs  iti  children  under  eo»ulitior>8  of 
malhygiciit*  and  debility,  or  as  a  ri^sidt  of  jT'i^trri-iiifcstiiial  and 
other  discaj^cs.  Local  irritation  ui'Um  jdays  an  innvort^iiit  jtart. 
TIhtc  apjH^ar  in  the  nmcrnis  nn  tnl)niin%  i  speeiidly  of  tlie  luwcr 
lip  and  ^iinis,  small  whiti.sh  spots  lying  upon  an  iiiHanied  hase. 
Usually  these  are  separated,  but  sotnetinies  eonfluenee  occurs, 
though  tluTe  is  rarely  extensive  spreading.  The  whitish  nieni- 
hraiie  covering  or  constitnling  the  spots  is  com  prised  of  degener- 
ated epithelium  ;  and  souu^times  of  fibrin,  so  tliut  the  term  croin»- 
ous  stomatitis  may  in  some  cases  bt*  ajjplieil.  The  lesions  are 
superficial  anti  rarely  lead  to  actual  ulceration.  It  has  been  held 
that  the  prelinnnarv  lesion  is  a  vesicle  ;  this,  however^  does  not 
appear  to  be  freqiu^nt,  and  is  certainly  not  esscntiah 

Foot-and-mouth  Disease. — A  similar  afleetiou  occurs  in  ani- 
malsj  particularly  iu  ei>ws,  shecp»  an<l  goats,  anil  is  tlesignated 
foot-and-nnmtli  thscase.  Tliis  con<btion  is  ct>ntagious»  an*!  con- 
siderable epidcjuies  have  iK^eurred  among  pers<uis  drinking  the 
milk  of  in  fixated  animab.  The  specific  cause  is  unknown,  tlunigh 
Be  vera!  micro-organisms  have  been  dcscrilied. 

Bednar's  aphthee  an^  small  ulcers  tbund  iu  the  mouths  t»f  suck- 
ing intimts  and  situated  at  the  lateral  jM)rtions  nf  tfie  ^Kdatc  over 
the  cuds  of  the  jiterygnid  pnjcesscs,  on  iKtlier  parts  <)('  tlir*  ban! 
palate,  or  occasionally  on  the  soft  jKtlate.  They  are  prolmljly 
caused  hy  t  ran  mat  ism  occurring  in  the  act  of  sucking. 

Ulcerative  stomatitis  may  lie  met  with  in  various  ]>arts  (if  tlie 
mouth,  especially  in  the  gurus.  In  young  children  it  is  frctpieutlv 
the  n -suit  of  maluutritiou  and  lack  of  clcanhticss  of  the  mouth. 
Various  sapniphytic  micri(-organisuis  urvrmaily  fbuud  in  the  mouth 
may,  under  suitable  conditions,  aid  in  tlie  production  of  ulccmtive 
stomatitis.  Anioug  these  the  Le)>tothrix  buccal  is,  Lidoeoecus 
vagiuatus,  Bacdhis  mnxitnus  buccal  is,  Spirillum  spiitigt^num,  and 
Spirochietn  dcntiiuu  have  lieen  isolateiL  [u  various  cac[ie(*tie  dis* 
e^ises,  particMilarly  in  scurvy^  tlie  gtuns  bc(*otnc  soft  and  spmg}* 
and  tend  to  ulccratr<'.  Merenric  and  other  forms  fd' jioi son mg  may 
lend  to  extensive  ulccnitious.  Deeper  ulcerattons  are  found  u\vm 
the  sides  of  the  tongue  or  the  inner  part  of  the  lip  in  eases  of 
injury  due  to  the  sharp  edges  of  broken  or  carious  teeth.  Ulcer- 
ative stomatitis  may  be  seconilarv  to  necrotic  conditions  of  the 
brines  or  suppurative  iuHammatioiis  about  the  iikots  of  tcctli. 
Ulceration  Ix^neath  the  tongue  is  met  wifh  in  many  t*ascs  of  wlujop- 
ing-crvugh,  and  is  due  to  the  irritation  of  the  teeth  In  the  paroxysms 
of  coughing. 

In  ordinary  cases  of  ulcerative  stonuititis  the  gums  at  the  junc- 
tion with  the  teeth  Ijceome  reddened  and  soil,  and  may  present 
hemorrhagic  infiltration.  Later  tlie  **pithelium  of  the  surface  i.s 
destroyed  and  open  ulcers  result.  ( 'onsidenible  suppnratiim  may 
occur,  and  the  teetli  may  bt^  loosened  and  dishxlged. 
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A  form  of  disease  about  the  iiorks  of  tlie  teeth  i\m\  secontlarnv 
involving  the  giitns  has  been  tenned  pt/orrhmt  alvcoiaris.  This 
coiitlitioti  S4:?etiis  to  result  from  some  eonstitutionat  disease  closely 
allied  to  ti:c>ut.  The  lig:ameiil  of  the  toot  1 1  is  iirst  inflamed  ;  sec- 
ondarily retraeti(*n  and  sripptirative  inflanunatiuii  t»f  the  guras 
ot^enr,  Tiie  <lis(*harge  c»f  pus  from  the  gums  surnninding  the  teeth 
gives  the  disease  its  Jianu*. 

Pseudomembranous  stomatitis  is  most  fretiuently  due  to  the 
aeti^JU  of  tlu'  f>acilbis  tif  dipljtiieria,  and  is  therefore^  strietly 
speakini;,  diphtheria  of  tlie  munth.  It  is  usually  seermdary  to 
phuryut^eal  diplitheria,  but  may  mn-ur  primarily  u|Mm  the  lij)s  or 
other  parts  ni"  the  mrmth.  In  sume  eases  uf  aphtln^ns  stomatitis 
the  lesion  is  in  reality  a  psmdouMMulirauous  tmv. 


Fio.  221.— rase  of  oomn  {Chiltireu's  Ho»|tiUn, 

PMegmonous  stomatitis  is  more  ei»nini*»n  in  tlie  lips  than 
in  other  parts  of  the  mouthy  and  may  be  the  result  of  trau- 
matic injurit\s  with  intenm^  infet^tion,  or  a  seeoudarv  condition  after 
facial  erysipelas  ur  other  eelluhir  inflammations  of  the  lace.  The 
lips  and  elierks  may  l>e  greatly  svvtjllen,  and  suppuration  may 
occur,  forming  abscesses  which  lenrl  to  rupture  iut*>  the  month*  A 
ehronic  form  iif  inf1amnuitit»n  of  thc^  deeper  tissnrs  of  the  lips  may 
lead  to  hj^iertruphy.  This  is  especially  eommou  in  the  upper  Up 
a.s  the  result  of  huiir-standinir  coryzji  or  e<'zenia* 
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GaEgrenons  sfcomatitiB,  ur  Boma,  afft^t^ts  the  mucous  nien>i>nine 
of  the  elieeks,  ami  oci^iurs  in  ill-nourislie«i  eliildreii,  especially  after 
measle.H  and  other  infeetifuis  fevers.  There  is  funned  a  .slough iiig 
ideer  on  the  iimer  side  iif  the  elieek,  and  iiiHanimatory  induration 
involving  the  entire  thiekness  of  tlie  cheek.  The  ?-kin  at  tirst 
presents  a  dark-i'i'd  or  liluish  diseolorationj  and  later  extensive 
destruetion  (gangrene)  may  (.meur  (Fig.  221).  Tlie  pathologic 
changes  are  those  of  a  rapid  necrosis  of  al!  the  tissues,  and  micro- 
organisms of  suppuration  or  other  saprophvte.s  are  usually  present. 
PsendcHliphtheria  haeilli  have  been  found  in  a  considerable  num- 
ber of  cases.  Putrefactive  changes  cause  a  tetid  odor.  Intense 
^  septic  infection  and  intoxication  generally  attend. 

Associated  Conditions  in  Stomatitis.— In  many  eases  the 
inflammation  mayexten<l  from  the  nineons  mendmuKMjf  tlie  moulh 
posteriorly  tei  tlie  pharynx.  Very  eoninionly  the  lymijluitie  glands 
of  tlie  neighhorhcHKl  are  involved,  and  enlargement  of  the  sub- 
maxillary ur  even  the  eervit^al  glands  is  eomnionly  observed.  In 
some  caseSj  espeeiully  in  nn  reurial  stomatitis,  tlie  salivary  glands 
are  eoineirlently  or  i-onseeutively  swollen  and  inflamed*  Increased 
flow  of  saliva  (ptyalisjn  or  sialorrhea)  is  a  frec|Uent  sympt^im.  In 
intense  eases,  especially  in  gtingivnous  stomatitis,  parenchymatous 
deg<Jieratif>ns  of  other  orgsins  may  result  from  general  t4ixemia. 

Glossitis* — Superficial  catarrhal  inflammations  liave  been 
referred  to.  More  extensive  inflammations  td*  the  tongue,  leading 
to  panttrhi/mntottH  ///r>,Wf/.^,  may  restdt  from  injuries,  esptnnally 
wlieu  accompanie*!  by  infection.  The  entire  organ  may  in  these 
cases  be  swollen,  and  there  is  ronnd-<'ell  iuKlt ration  with  a  ten- 
dency to  suppuration.  LcK'alized  pirenehymatous  glossitis  with 
ulceration  may  m-eur  fnan  injury  by  earitms  teeth. 

Ili'imfirleral  i//r>N.v//M,  s<imetimes  attenfled  willi  the  fVu'mation  of 
1 1  e  r  pi  *  t  \  e  v  esi  e  I  es ,  is  oecas  io  u  a  1 1  \  o  bse  r  veil ,  an  d  i  s  p  rol  mb  ly  d  epe  nd- 
ent  upon  disease  of  the  chorda  tympani  nerve. 


ATROPHY   AND  DEGENERATIONS, 

Atrophy  of  the  muscles  of  the  temgue  and  checks  may  oeonr 
in  assix'iation  with  nervous  diseases  (Inillmr  (Kilsy).  Physiologic 
atrophy  oi'  tlie  gums  follows  loss  of  the  teeth  in  old  age. 

Degenerations  ijf  the  muenns  memljmne  usually  accompany 
in  flam  matif  >ns. 

Under  th<*  nanxe  of  ni^rUies^  or  blavk-tonf/ue,  m  desiTibed  a 
form  of  hypertrophy  of  the  papiUa*  of  the  tongue  with  pigiuen- 
tatrou.  Tlic  dorsum  of  the  tongue  may  Im  covered  with  a  hair- 
like  coating  of  dark4)rown  or  blackish  color.  The  canst^  of  this 
afi'ection  is  obscure. 
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INFECTIOUS  DISEASES. 

Thmslij  or  parasitic  stomatitis,  is  met  with  in  young 
rlyklreii,  ixnd  is  due  to  the  action  of  a  micro-organism  now 
generally  known  as  O'idium  aihmm,'^.  There  are  formed  npon 
the  mucous  membrane  while  patches  resenihltng  cunlled  milk, 
and    varying    in   size   from  mere    points    to  large  area^.     These 


Fjg.  222.— Tubercle  of  the  tongue  (Kurg  and  Schmorl), 

tend  to  coale^e  and  to  spread.  Tlie  niuofms  membrane  i^  reddish 
and  inflamed.  The  back  and  .siiles  of  tlie  tungiie  and  the  inner 
jwirt.s  <if  tlie  cheeks  are  Ikvorite  scats.  Microscopically  the  white 
ec»ating  is  comimsed  largely  of  my<;cJial  threads  ctf  the  parasite, 
with  which  are  mingled  degenerated  epithelial  cells  and  generally 
also  other  microorganisms,  notahly  mienx'oeei.  The  prcicess  may 
extend  tc*  the  pharynx,  and  siimetimi's  as  tar  as  the  bronchi  or  the 
stomach,  tlinmgh  the  larynx  and  esophagus. 

Tuberculosis  of  the  mouth  may  be  primary  or  secondary, 
The  latter  is  especially  frerpicnt  on  the  root  of  the  tongue,  and  is 
secondary  to  tuhereulosis  of  the  larynx  or  pharynx  (Fig.  222). 
ISmall  nodular  masses  of  tuhende  are  formed,  uiul  tend  lo  undergo 
cheesy  degeneration,  fornnng  ulcerated  areas.  Primary  tubercu- 
Insis  leading  to  uleeration  may  oi-enr  ujion  tlie  lij>s  or  upon  the 
liingnc  as  a  result  ot'  ilirect  inociilaticm,  as  in  the  kissing  of  a 
tul>crculous  jKTsun*  Xo<lular  masses  are  formed,  which  at  first 
present  tiiemseives  as  papillary  elevations,  but  gnhsetpiently  under- 
go chanicteristie  necrosis.  Tnbereidous  ulcers  are  usually  irregu- 
lar or  under  mi  ne*h  and  the  bases  are  more  or  less  easeons  and 
infiltrated  by  tubercles.  The  injury  of  the  tongue  by  the  teeth, 
and  the  favorable  sc»il  offered  for  the  retention  and  multiplication 
of  the  micro-organisms  in  carions  teeth,  may  play  a  j>ait  in  the 
causation. 

Lupus  of  the  face  may  extend  to  the  mouth.  It  is  distinguished 
by  the  associated  cicatrization.  Secondary  earc*inomatus  change 
may  occur  in  the  base  of  the  lesion  (lupus-carcinoma). 
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Syphilis  is  most  freciucntly  secoiKlary,  occurring  in  the  form 
of  ruinous  patches  upon  the  lips  or  tontroc  or,  as  more  elevated 
conclyloniata,  whioli  in  liealing  cause  irregular  eon  tract  ions  or 
whitish  or  o|jaline  tliiekcnings  of  the  mneous  memhnme.  Gum- 
matous infiltmtiniLs  muy  appear  in  a  htea!ize<l  form,  or  as  irretrnlar 
involvements.  They  are  usually  tleep-seated  and  on  healing  iissu- 
ration  and  detnrmity  may  result.  The  tongne  is  llie  most  freqoeiit 
ei*at.  The  primary  syphilitic  lesion  (cliancre^)  resulting  from  tlirect 
iiKH'nhition  is  rH'CEisitmully  ohserved. 

Actinomycosis  atfeets  the  tongiu',  gumB,  and  jaw-bone,  and 
is  eharaeterized  by  a  slowly  intiltniting  jrr^c^e^s  with  a  tendeney  to 
necrosis  and  suppuration,  in   which  the  alveolar  processes  of  the 


Fig,  L'Sd.— Actlnuniy 


lllkh). 


jaw-bone  are  generally  attacked.  The  lesion  in  the  mouth  maybe 
insignificant,  while  the  secondary  involvement  uf  the  cheeks,  or  of 
the  lvni]ihntie  glands  Ivclow  the  jaw  and  in  tlie  neck  mav  be  exten- 
sive (Fig.  223). 

I/eukemic  Stomatitis.— In  aetite  leukemia  nleers  of  the 
mouth  are  fn  Cjuent  at  tlu^  onset  and  throughout  the*  disease.  The 
gtmis  may  present  mi  alrc^nited  appearance  resembling  tluit  seen  in 
scurvy.  Considerable  neer(»sis  and  hemorrhagic  infiltration  are 
e«)mmon.  Nothdar  infiltratitai  of  the  adenoid  tissues  at  the  base 
of  the  tongue  an<l  in  the  pliarynx  also  wcur  m  acute  leukemia, 
but  more  commonly  ui  the  chronic  form* 
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TUMORS. 

PapiUomaiom  growths  of  the  mucous  membrane  are  occasion- 
ally observed.  Fibroma^  lipoma,  inyxoma,  and  even  chondroma  are 
rare  forms  of  tumors  of  the  submucous  tissue  of  the  tongue  or 
other  parts  of  the  mouth.  Not  rarely  they  are  congenital. 
Lymphadenoma  or  lymphosarcoma  may  occur  at  the  root  of  the 
tongue,  where  it  takes  origin  from  the  lymphatic  follicles  or  the 
lingual  tonsil.  Sarcoma  of  other  parts  of  the  mouth  is  rare,  ex- 
cepting as  an  extension  from  sarcoma  of  the  jaw-bone  and  other 
parts. 

Carcmomn  is  the  most  important  new  growth  of  the  mouth, 
and  in  nearly  all  cases  is  of  the  squamous-celled  variety.  The 
favorite  seats  are  the  lower  lip,  usually  toward  one  side  of  the 
mouth,  and  the  tongue.  It  appears  as  an  irregular  nodular  eleva- 
tion which  tends  to  ulcerate  upon  the  surface  and  spreads  to  adja- 
cent structures.  Metastasis  usually  occurs  to  the  submaxillary 
and  cervical  lymphatic  glands. 

Nodular  masses  having  the  structure  of  the  normal  thyroid 
gland  may  be  found  at  the  base  of  the  tongue. 

Oydic  formatioivny  due  to  agglutination  of  the  mouths  of  the 
mucous  glands,  are  met  with  upon  the  tongue  and  lips. 

OysU  are  especially  frequent  beneath  the  tongue,  at  the  sides 
of  the  frenum.  These  have  been  termed  ramila,  and  are  formed 
by  the  dilatation  of  the  ducts  of  the  small  mucous  glands.  At 
times  ranula  may  be  a  cystic  dilatation  of  a  duct  of  the  sublingual 
salivary  gland  or  that  of  a  submaxillary  gland.  Ranula  is  usu- 
ally found  as  a  rounded  or  elliptical  tumor  which  may  fill  the 
floor  of  the  mouth  and  displace  the  tongue  backward  and  up- 
ward. The  contents  consist  of  somewhat  gelatinous  albuminous 
liquid. 

Hemangioma,  both  of  the  teleangiectatic  and  cavernous  varie- 
ties, is  occasionally  seen,  but  a  more  important  tumor  is  lymph-- 
angioma  atfecting  the  tongue  and  lips,  and  giving  rise  to  the 
conditions  known  as  macroglossia  and  macrocheleia.  In  these 
conditions  there  is  a  uniform  enlargement  of  the  tongue  or  lips, 
and  on  section  distended  lymphatic  spaces  more  or  less  filled 
with  liquid  and  round  cells  are  detected.  Such  enlargements 
are  usually  congenital,  and  are  especially  met  with  in   cretins. 


THE   TEETH. 

Anomalous  Development. — Unnatural  largeness,  or,  on 
the  contrary,  lack  of  development,  is  frequently  observed.  Com- 
plete al)sence  of  the  teeth  has  been  noted.  Numerical  increase  or 
decrease  is  frequent.      Delay  in   the  eruption  of  the  teeth   and 
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irregularity  in  their  fiirmation  occur  in  rachitis;  ami  a  fcrrni  of 
mah level ijpmciit  ot'  the  upper  central  incisor  teeth  of  the  perma- 
nent set  is  ohscrved  in  easc^  of  congenital  .syp|jili,s  {Iluivhrmfiii'ji 
U'dh),  The  characteristics  of  this  condition  arc  the  wedgc-sliapc 
of  the  teeth,  the  cutting-edge  being  smaller  than  the  crown,  and 
the  eonca%'c  notching  of  the  cutting-edge  (see  l^'ig,  108).  Hntch- 
iuHinV  teeth  are  not  entirely  pecnliar  to  congenital  syphilis. 

Caries  of  the  teeth  residts  from  malnutrition,  digestive 
disturliaur'cs,  and  lack  of  cleanliness,  iltero-organisnis  which 
lead  to  aeid  icrr^entatic^n  eontrihnte  in  the  canj^ation  hy  forming 
acids  which  soften  the  enamel  and  occasion  fissures  thrcjugh  which 
other  bacteria  (l>ac:ilii  and  micrococci)  may  gain  entrance  into  the 
channels  of  the  dentin.  The  Lfptofhru'  Lnecaiw  is  commonly 
found  in  the  dcjwsit  upon  the  teeth,  hut  is  proljahly  non-specific. 

The  carious  process  consists  in  a  gradual  disintegnition  of  the 
enamel  and  dentin,  with  the  foruiation  of  more  or  less  granular 
iletritns  in  which  liucteria  are  ahtnulant.  The  process  nmy  tM-ne- 
tmte  to  the  pulp  of  the  teeth  and  set  up  a  sec4indarv  inf^amnuition, 
or  pid]jitis.     Oeeasionally  caries  of  tlie  teeth  begins  witliin. 

Inflammation  of  the  pulp  of  the  teeth  may  mcur  in 
assoeiation  with  caries,  or  sometimes  independently.  Tlic  pulp 
becomes  reddened  and  swollen,  and  nuiy  present  hemorrhages  and, 
later,  sujvpuration.  The  inflammat(^ry  prctcc^s  tends  to  spread 
through  tlu*  roots  of  the  teeth  to  the  tissues  surrounding  the  roots 
and  in  the  alveolar  periostcunL  Abscesses  may  thus  be  formed 
about  the  teeth,  and  may  spread  to  the  tissue  of  the  gums  {alveolar 
abscfxiies)^  eventually  nipt u ring  uj>on  the  surfaee. 

Tnmors  composed  of  tissue  resembling  tlie  Uiirmal  <lentin  are 
sp(>ken  of  as  ufhmtomnfa.  They  arise  from  the  pulji  during  the 
pniicess  of  dcveloptnent  and  fbrm  irregular  ontgmwths  of  the 
crown  or  rcK)ts.  Similar  outgrowths,  resembling  the  enamel  or 
dentin^  or  cement-suhgtance,  are  more  frequent  in  later  life,  and 
have  been  designateil  as  mloniuioi/h. 

Sarcomafa  uwl  Jifft'omata  may  spring  from  the  pulp  during  the 
development  of  teeth  <»r  from  the  ermnective  tissue  about  the 
rfNjts  ;  and  pohipotd  (juh/rowths  (liypertrophied  granulations)  from 
the  pulp  may  he  met  with  in  association  with  caries  of  the  teeth 
and  pulpitis. 

The  most  important  tumnr  is  the  giaM-celled  Ruremna  of  the 
alveolar  process  of  the  jaw.  This  is  known  by  the  name  of 
epulis,  thongli  strictly  speaking  the  term  is  apfdied  rather  to  the 
situation  than  to  tlie  kiufi  of  tumor.  Extensive  enlar^Tnents  of 
the  jaw-lxjue  and  destruction  of  the  surronnding  tissues  may  ensue. 

Cijsts  are  met  with  in  the  alveolar  prcK^esses,  and  arise  from  the 
primary  foilieles  in  which  the  teeth  are  tlevelope^f 
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THE  PHARYNX  AND  TONSILS. 

CIRCULATORY    DISTURBANCES. 

Anemia  of  the  soft  j>alate  and  othiT  portious  of  the  pharynx 
occurs  in  general  anemia  and  in  eaaes  uf  phtliisis  rir  utlier  wasting 
diseases.     The  raucous  raeml»mne  raay  be  decidedly  pallid. 

Active  hyperemia  or  congestion  occurs  in  the  beginning 
stjiges  of  intlammation  and  wlien  irritants  have  bLH^^n  in  din*ct 
contact  witli  the  raucous  raenxbrane.s. 

Passive  hyperemia  is  seen  in  heartHlisea^se,  emphysema, 
phthisis,  and  other  chronic  pulmonary  affections.  In  these  cases 
the  mucous  merabrdne  is  dark  retl,  and  not  rarely  becomes  somo 
what  edematons. 

Bdema  of  the  pharyngeal  tissues  is  found  in  association  with 
inflammatory  atfeetions,  and  may  occ^ision  considerable  stenosis. 

HetttOtthages  may  be  the  result  of  dirt^ct  injury »  as  in  the 
swallowing  of  fish-bones  and  the  like,  or  may  <jeeur  in  the  form 
of  petechia*  in  purpura  and  other  hemorrhagic  diseases  and  in 
intense  infections  (small-pox,  septicemia). 

INFLAMMATIONS* 

Catarrhal  pharyngitis,  or  angina,  may  aflTcct  the  entire 
lining  membrane  of  the  pharynx^  or  may  Ije  limited  in  the  tonsils 
or  other  j>ai't,s.  It  results  fnmi  direct  irritation  by  hot  liquids  or 
clicinical  substauees,  from  exposure  to  cohi,  and  partienlarly  from 
inieetions.  Angina,  or  sore-throat,  is  met  with  in  many  of  the 
infectious  fevers,  or  may  appear  as  an  independent  infection. 

The  mucous  membrane  presents  a  bright-red  color,  is  some- 
what swollen,  and  eov^'n^d  with  tenacious  exudation  efrm|iosed  of 
mucus  and  desquamated  cells.  Hmiill  vesicular  elevations  mav 
form,  and  after  the  rupture  of  tbese  erosions  or  evc^n  superficial 
nleers  are  sometimes  seen.  Oen^asionally  there  are  hemorrhagic 
extnivasations. 

A  form  of  cafcirrhal  pharyngitis,  known  as  hrrpftic  ar^glna^  is 
analogous  to  herpi's  of  the  skin,  and  may  accompany  facial  or 
labial   licrpcs. 

Chronic  catarrhal  pharyngitis  is  n^ct  with  in  jiersons  who 
use  the  voice  excessively,  especially  in  the  t^jieu  air.  It  may  also 
rcsidt  fn>m  the  abuse  of  tobacco  or  alcolioL  The  posterior  wall 
of  the  pharynx  and  the  pillars  of  the  soft  palate  are  particularly 
involved.  The  raucous  mend^ranc  is  swollen  in  tlie  earlier  stages, 
but  later  becomes  atrophic,  and  is  marked  l)y  sliglit  gramdar  ele- 
vations, which  are  either  hyperpl:istic  lymph-fidiieles  or  distended 
raiicfai^  glands.  TJie  veins  in  tlie  subfnucous  tissue  are  enlarged, 
and  are  visible  through  tl>e  atrophic  mucous  membrane  as  tortuous 
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eliannels.  Chronic  byperpljij^ia  of  the  ton,sils  and  clironic  laryn- 
gitis are  frequently  assnciatHl. 

Phlegmonoas  pharyngitis  may  result  from  wounds  of  the 
pharynx,  or  may  be  a-ssoeiatcd  with  intense  infeetiimj^,  sneh  as 
pfieudomeiBbranoiis  toiisilliti,s  and  pharyngitis,  particularly  the 
torms  due  to  streptwoeei.  It  may  result  from  pustular  pharyn- 
gitis in  smallpox,  or  from  glanders  of  the  pharynx*  Phlegmonous 
tonsillitm  sometimes  extends  to  the  peritonsillar  tissues  as  far  as 
the  retropharynp^eal  wall. 

The  H>i*t  palate,  uvula,  an-hes,  or  other  parts  afleete<i  are  swollen 
and  tensely  distended.  There  may  be  eongestifFn  or  deep  cyanosis 
and  edematous  exudati^jii.  The  usual  terminatinn  is  suppuration, 
but  sometimes  gangrenous  necrosis  ensues.  General  septieeniia  is 
frequently  the  result. 

BetropharFi^geal  Abscess. — This  condition  may  oeenr  ^^eeond- 
arily  atti'r  trauinatie  or  iuteetious  pharvngitis  as  alHive  deserihed* 
Phlegmonous  pharyngitis  prinuirily  affecting  tlie  ret nipliarv unreal 
tissues  may  l>e  due  to  earies  of  the  eervN^al  vertebra^ ;  oeeasifuiallv 
it  fH'eurs  in  the  infectious  tevers  in  enusequence  of  em  holism,  or 
iufeetion  of  the  deep-seated  lymphoid  niides  of  the  pharynx. 

Pseudomembranous  pharyngitis  may  be  ciiust^d  by  the 
Baei/htJi  ^Jiphihmtr  and  he  truly  diphtheritic,  or  it  may  be  dne  to 
a  variety  of  other  micni-organisms,  or  to  irritating  gases,  stejim, 
and  like  causes.  Non-dip!itheritie  psendomembrancms  pharyngitis 
is  espeeiallv  common  as  a  CMmplieation  of  scarlatina^  measles,  and 
other  infect  ions  diseases,  and  seems  in  tliesc  cases  to  be  eause<l  by 
the  Streptocoeens  pyogenes.  The  aiJpearance  of  the  throat  njay 
be  identical  with  tliat  ol>servcd  in  diphtheria,  but  extensive 
neemsis  is  more  cfmimonj  while  typical  pseudo  mend  mines  are  less 
frequent. 

The  mucous  membrane  and  the  underlying  jmrts,  especially  the 
tonsils,  l>ecome  greatly  swollen  and  edematous ;  and  subsequently 
suffer  neemtie  changes. 

There  is  formed  upon  the  surface  of  the  throat  a  whitish  or 
yellowish  patch,  or  several  patches,  which  tend  to  eoalesee  and 
extend  fnmi  the  region  of  tlu^  tonsils  to  the  pillars  of  the  fauces 
and  the  rivula,  or  to  the  mouthy  nose,  or  lan^ix.  The  ])seudo- 
membrane  is  quite  firmly  attached  to  the  mucous  membninc,  and 
cannot  be  removed  without  tearing  away  part  of  the  undcrlving 
tissues.  Mierosenpically  tin*  deposit  is  found  to  consist  of  gran- 
ular or  fibrillar  fibrin  cut  angling  more  or  less  degenenited  leuko- 
cytes and  c)iithelial  cells.  In  the  deeper  layers  intensi"  congestion 
and  niuud-cell  infiltratifiu  ai*e  observed  ;  in  the  superficial  .*«tnita 
degenerjited  cells  and  detritus,  together  witli  masses  of  bacteria, 
arc  crmspicuous. 

The  neighlioriug  lymphatic  glands,  notably  tlmse  below  the 
angle  of  the  jaw,  enlarge  and  may  suppurate,  and  sometimes  ex- 
tensive ceP/ulitis  anfl  su[jpumtion  of  the  floor  of  the  mouth  (Lud- 
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W'hy*^  angina)  oreiir.  Thciv  are  iiitt'iise  systemic  intoxifntifni  and 
infection,  ami  riecuodun*  It^siona  are  frequently  (leveloped  in  variims 
organs  (nepliritis,  rnyoeiirc litis,  <^tc.).  The  non^diphtlieritir*  forms 
of  pst^iuloraenibnuifiiis  pharyngitis  may  be  distingiiisiied  from  the 
ilipntheritie  fo^m^,  in  typical  eases,  by  the  jt^n^ater  intensity  of  the 
loe;d  (necrotie)  prrnx'S^^es,  the  earlier  and  more  marked  involve* 
ment  of  the  Ineal  lymphatic  j;lands,  and  by  the  greater  tendency 
to  nephritis  ;  but  yntbrtimately  atypical  crises  are  very  comnion, 
and  an  alisohite  diagnosis  can  be  made  by  bacteriologic  study  alone* 

Tonsillitis  may  be  a  part  of  a  general  pliarv^ngitis,  or  it  may 
occur  as  an  iudej>eudent  allet^tton.     Several  varieties  are  described. 

Catarrhal  tonsillitis  results  fWim  the  same  causes  as  catarrhal 
pharyngitis  in  general,  and  presents  similar  appearunees.  The 
tonsils  arc  usually  somewhat  enlarged. 

Lacunar  or  follicular  tonsillitis  occurs  from  similar  causes,  and 
may  involve  the  normal  tuusil  or  one  aflected  by  chnmie  hyner- 
trophy.  The  surface  of  the  tonsil  is  marked  %vitb  small  white 
or  yelkiwisb  spots,  into  which  the  end  of  a  probe  may  be 
inserted.  These  are  the  lacnnje  or  crypts  distended  with  epithelial 
cells  nmre  or  less  degenerated.  Bacteria  of  various  kinds  may  he 
tbtmd  in  the  contents  of  the  laeunte,  and  doubtless  play  an  im- 
portant part  in  the  etiology.  Stiipbyloeocei,  streptococci,  pneumo- 
eoeei,  tubercle -bacilli,  and  the  bacillus  of  diphtheria  have  all  been 
filjserved.  The  latter  two  forms  may  be  present  merely  as  a(*ei- 
dental   associatitms,    but    may    possibly   play    an    etiologic   |mrt. 


Fio.  224,— rrypts  in  ca#es  of  lonsllHUa  :  a,  iiciilf  laounar;  b,  chronic  hypertrnphlts :  a» 
surfnci''»'i»itbe!iiVm;  5,  iiccumulai*;^  contt^nts  of  t'rym  ;  c  lymjilioid  follicles  surrounding 
crypt  {KnufLUittnnj. 

especially  the  Baeilhis  diphtherife.  Ulceration  may  occur  in  the 
walls  of  the  lacuuje,  an<l  the  surface  id*  the  tonsil  may  be  consid- 
erably broken  down.  In  otiier  casi^^s  the  bat^teria  may  penetrate 
the  tonsil  at  the  bottom  of  the  lacume,  and  phlffpnonom  tonMliiiiSf 
or  fptifistf^  may  result  (see  below).  The  t*onteiits  id*  the  laennre  may 
be  discharged  upon  th(^  surface,  aiid  may  adhere  ft*r  a  time  as  a 
yellowish-white  caseous  pellicle^  resemlding  diphtheritic  pseudo- 
membranes  in  appearance.  In  other  eases  the  contents  of  tiie 
erypts  are  retained,  undergo  iuspissation,  and  may  even  calcify, 
A  certain  amount  of  catarrhal  pharyngitis  may  be  asstxriated,  but 
the  foHienlar  ulcers  are  rarelv  seen  hev4nul  the  tt^nsilsj. 
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PMegmoiious  tonsillitis,  abscess  of  the  tonsil,  i»r  quinsy,  iniiy  ho 
the  result  of  simple  mtarrliiil  or  of"  folliriilar  tonsillitis,  or  luay  bi! 
assodatetl  with  phle^momms  ijiHaniioatioii  til'  otlier  Tuirtw  lA'  t\w 
pharynx.  One  or  hoth  of  tlif  tonsils  niay  he  aH'rc  tr*l,  Urihirtsg 
an<l  swellinj^'' ;irt.  nottnl  in  thr  KirlnT  staphs,  hut  lattT  tlit*  ninrouM 
rnt'inbrane  is  pallid  or  t'Vcii  yi-llowish.  ^Iirros<-opirally  iliHu?<*' 
roiind'et'll  intiltmtion  and  ovcjitually  fotai  <'oll( cii^ins  l('iitliii|r 
to  abscess- format  ion  aro  dcttH'ted.  Tho  |M^ritonsillar  tishU4'H  niuy 
be  involved,  and  spread in^^  plde^^inonous  intlanu nation  resnltn. 
Rupture  may  take  plaee  into  tlH'  pliarynx,  or  tlie  ideeration  may 
extend  outward,  ransin^f  disrhar^o-  yjnm  tlie  neek  at  tlie  angle  of 
the  jaw.     The  internal  earcjtid  artery  may  be  jjeHonitf-d. 

Enlargement  rif  the  sulnnaxiliary  and  eervieai  lyiu]jltatif^  ^dsnalH 
is  eommonly  observed,  (ieneral  septieemia  td'  mi  lei  type  is  nr»t 
infrequent ;  nayijearditis,  endoearditis,  and  nephritiw  may  result. 
The  assL»ciati«m  of  toHBillitis  and  rheuinatisn*  has  of-ea^anjed  imieh 
discus.sion.  It  is  very  probable  that  rlTeuniatisni  In^fjurntly  residtn 
from  tonsillitis,  the  latter  being  the  Hrst  etfee!  i>f  ndercwirgjin- 
ismal  invasion,  which  eventually  eauses  rhenmntism, 

Patholoffiv  Phymoloffy. — Acute  tonsil  lit  in  may  (M?c'a*^ion  only 
local  symptoms,  such  as  jwiin,  rlifficulty  in  swallowing,  etc.,  but  in 
many  cases  there  are  genera!  symptoms — fevt  r,  flisturbnne<*«  of 
ap|>etit4^,  etc.  The  latter  vary  in  severity  aecording  Uv  the  par- 
ticular infectious  cause  of  the  disca.se. 

Gbronic  toimillar  hypertrophy  may  result  fnun  reireateii  attacks 
of  simple  catarrljal  *>r  of  4'ollieular  lonsillili**.  Tlie  ton^iU  are 
enlarged,  usually  irregularly  scj,  and  are  harder  than  normal.  On 
section  the  connective-tissue  rcHiculum  and  ^c-ptii  an*  found 
increai^ed,  and  the  lymphoid  follicle*^  are  likewise  Iiy|M  nila>?tic. 
Pressure  upon  the  orifice*  of  the  lacunn*  not  rarely  causf'^  obstruc- 
tion and  rep'atefi  attacks  of  lacunar  tonstlliti»<.  Hetention  and 
calcification  of  the  content*  of  the  crypto  are  inirticuhirly  common 
in  the  laetinar  tonf^ilHtis  of  hypertniphic  tonHitj4.  (Iironi**  hyjM'r- 
tPophy  of  the  tonsils  ver>^  often  rxxrnn*  in  rachitic  or  Imdly  nt^ur* 
i&he<I  chtkiren  in  aarMiieiation  with  byfiefTda^ia  of  the  lingua]  U*um\ 
and  na^iophar^ngeal  aden4jid  ti^ssuefi.  Distinct  evidences  of  inflam- 
mation are  wanting  in  j?uch  ca-^ef?^  and  the  condition  N'cnm  rather 
a  form  of  simple  hj'perjilasia  of  the  lyrnpJioid  Mrui'tiiri'**. 

PRESSURe-NECROSIS* 

Th»  eooditiofi  oceofB  upon  the  aiiieriifr  and  [>o#*terior  wj»Ik  of 
the  pharynx,  appcette  the  crict>id  eartilaifc.  It  in  mcft  with  in 
marantic  petvons occupying  a  dorsal  rh-^  ribftu#,  and  in  eaouc^]  by 
the  bockwartl  piearare  o(  the  cricoid  cartilage  againjft  the  oppCMale 
vertebra.  The  mnetmtL  becoa»«  wa'ntiw^  and  more  or  \em  irxl^fi* 
sive  nhx-nOioiid  are  farmed.  Coniplett'  {leribration  of  Uie  pharyn- 
geal wmll 
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INFECTIOUS  DISEASES. 

Diptltlieria  of  the  pharynx  usually  l>egins  id  the  mucous 
meml;niue  crivcriiii:^  the  tonsilj^,  and  spreads  to  the  pillars  of  the 
fauces,  to  the  uvula,  the  jjo^torior  wall  of  the  pharvux,  the  cheeks 
and  tongue  J  the  pos  ten  or  nares,  or  to  the  larynx.  It  rarely  in- 
vades the  esophatrus,  hut  may  fiometiiuert  extend  along  tliiB  struct- 
ure as  fiir  as  the  stoniaeh. 

The  speeitie  cause  is  the  Bacillus  diphtheria?  (see  Diphtheria, 
Part  I.).  The  characteristic  lesion  is  a  pseudomemhrane,  which  is 
formed  on  the  surtaee  and  within  the  mucous  uieuibraue.  This 
first  apijcars  as  a  grayish  or  yellowish-white  jK^licie,  more  or  less 
firmly  attached  to  the  mucosa ;  it  spreads  rapidly,  and  may  cover 
the  whole  of  the  pharynx  in  a  day  or  two.  In  other  ca.ses  the 
disea-se  progresses  slowly,  or  remains  quite  limited.  The  under- 
lying tissues  become  swollen  by  inHannnatory  infiltration  {cellular 
and  edematous),  aufl  swallowing  ami  lircathing  may  then  be 
greatly  obstructed.  When  the  pseudonieiubrauc  is  re  mo  veil  from 
the  surface  a  raw  and  nmre  or  less  nwrotie  base  is  exjmsed.  Mi- 
crosf topically  the  surface  of  the  j>seudomeml)niue  is  tVuind  to  con- 
sist of  a  mass  of  debris,  often  containing  micrococci  and  otlier 
bacteria,  as  well  as  the  sjXH^ific  organisms,  in  great  numbers. 
Somewhat  more  deeply  tlie  n^^mbraue  is  composed  of  a  fibrinous 
reticulum  or  masses  of  fibriu  entangling  tlcgcuerate*!  epithelial 
cells  and  leukocytes.     Still  nuuv  deeply  the  tissues  of  the  pharynx 
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I.  K5. — Pst'udomomlirtmnus  in^iiintuiuOoii  of  Uativula:  o,  rim^se^  of  mioTOcoccl; 
6,  lifCTOtlu  CfUa  ;  t\  round'Cell  iiifiltraUun;  d,  libriu  network  [7,Wtilerh 


are  found  intensely  congested  and  infiltrated  with  round  cells  f Fig. 
225),  In  the  late  stages  of  the  disease  extensive  oecrosis  of  the 
mucosa  and  subumcosa  mav  occur. 
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In  some  cases  diphtheria  may  uiidi>ubtedly  present  the  lesions 
of  an  ordinary  lacunar  tonsillitis,  and  the  elinieian  may  be  unable 
to  detemdne  the  nature  of  the  disease, 

Asmmded  VondtiionK—^ome  enlargement  of  tlie  lymphatic 
glands  at  the  angle  of  the  jaw  is  usual,  and  exeeptionally  this  may 
terminate  in  suppuration.  Lesions  of  the  internal  organs,  espe* 
cially  the  heart  and  kidneys,  are  not  infrerjuent,  and  disease  of  the 
peripheral  nerves  \s  a  eonimon  seqnel  (see  Diphtheria,  Part  I.). 

Pharyngomycosis  I^eptothricia, — Hiis  eouditi^m  is  met 
witli  on  the  toy  si  Is,  and  less  frequently  the  pillars  of  the  fauces, 
uvula,  and  other  parts  of  the  pharynx.  It  occurs  in  persons  of 
lowered  vitality,  and  seems  to  be  caused  bv  tiie  Leptothrix  huecafis^ 
a  form  of  bacterium  very  commonly  met  witli  in  the  collections 
around  the  necks  of  the  teeth.  The  lesions  present  themselves  as 
milky-white  and  somewhat  chalk-like  outgmwths  arising  from  tlie 
tonsillar  crypt.s  and  tlie  nuieous  glands.  These  are  often  tightly 
adherent,  but  occasion  very  little  inilammation  of  the  surrounding 
tissues.  Jlicroscopieally  the  thread-like  jmrasite  is  found  in 
abundance. 

Tuberculosis  may  occur  in  the  pharynx  in  the  form  of  sub- 
epithelial tubercles,  which  break  down  and  occasion  more  or  less 
extensive  uke rations. 

Tuberculosis  of  the  tonsils  may  be  primary  or  secondar>\  In 
the  former  ease  infection  probably  occurs  from  the  itn^asion  of 
the  er>'pts  by  tubcrele-iiacilli  ;  this  condition  is  dmibtless  more 
common  than  has  generally  been  supi>osed.  Secondary  tonsillar 
tubercnlosis  usually  follows  tuberculosis  of  the  lungs  or  larynx. 
In  either  case  there  are  formeil  in  the  tonsils  small  tubercles  which 
rapidly  increase  in  size,  fuse,  and  sul>sequently  undergo  caseous 
change.  Discharge  of  the  caseous  matter  upon  the  mucous  sur- 
face is  not  unusual,  and  oct^asions  ulcer-like  formations.  Second- 
ary infection  of  the  cervical  and  subnmxillar  lymphatic  glands 
is  not  infrequent. 

SyphiUs  may  occur  in  the  pharynx  in  the  form  of  the  primary 
lesion  or  chancre,  as  mucous  patches,  or  as  gummata.  The  last 
are  pmne  to  undergt)  ulceration  with  secondary  cii-atrrzation. 
Extensive  distortion  of  the  pharyngeal  structun^s  may  be  the 
result  of  the  scar- formation. 

Glanders  and  lepra  sometimes  invade  the  pharynx. 

Typhoid  ulcers  are  occasionally  met  with- 


TUMORS. 

Amonjj^  the  tumors  of  the  pharynx,  fibroma,  lipoma,  chondroma, 
and  papillomata  are  occasionally  found  on  the  soft  palate,  uvula, 
or  tonsils.  Of  the  malignant  tumors,  sarcoma  of  the  tonsils  is 
most  important.     It  is  usually  of  the  lymphosareomatous  variety, 
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ait<l  iri  rapid  in  growth  aiul  highly  dofitructive,  Epithcliuma  may 
(Kvur  at  the  Imsc  of  tlu-  tontriu',  in  the  soft  palate,  or  tonsils. 
( >t[i(T  %*a  lie  ties  of  eaiieer  are  rare. 

Polypoid  tumors  of  the  na.sopiiarynx  and  liyj^erplnstie  adenoid 
growtli.s  of  the  same  i^ituation  frequeiitty  extend  dowjiward  into 
the  pharynx  pnjp«T. 


THE   SALIVARY   GLANDS. 

Inflammation  uf  the  salivary  glands  affects  the  pan>tid  most 
freijiirutly. 

Parotitis  may  he  the  expression  of  an  indqK^jident  infeetion 
(ninmps);  or  may  l>e  seeoiHlary  to  various  infeetiouB  diseases, 
sueii  as  ty[>hoid  fever,  ty{»hns  fev^er,  or  pyemia. 

The  spe<'itie  eause  of  nuinips  has  not  been  isolated  (see  Part  L). 
The  infe<'tion  proixd^ly  rM-rurs  through  the  parotid  duet,  and  in 
8orne  instances  hiflammnttons  i*f  the  miit'oiis  iiteridinine  of  this 
duet  Iiave  been  found  to  preeede  the  jKirotitis,  The  ^land  is 
swollen  anrl  tensely  distends  its  eapsule.  The  intlammatory  exu- 
date is  proljahly  larjL^ely  serous,  as  it  nniy  be  absorbed  and  removed 
in  the  eoiirse  of  a  very  short  time.  The  disease  seai*eely  ever 
tenainates  in  suppunitinu*     Orchitis  is  an  oceasioud  eomplieatron. 

The  secondary  parotitis  oeeurrintj  in  the  eoui'se  id"  \'ari(»us  infec- 
tious diseases  is  eharai-terized  hy  a  marked  tendency  in  ahseess- 
furniation,  and  at  al!  stances  id"  tlie  alfcetion  rountl-eeil  intiltmtion 
is  etmspieuous.  After  the  formation  of  an  abscess  i)erfomtion  may 
take  place  upon  the  i^fieek  or  into  the  nunitli,  and  sometimes  sjili- 
vary  fistuhe  (see  below)  are  estaldishfd,  Clironic  induration  of 
the  orliind   may  n'maiu  :jfter  attacks  of  inflammation. 

Tin*  subroa\iliary  irlaud  is  cKH^asioually  affected  with  the 
p;irotid,  or  inde[>eudeutly,  in  mumps.  Tlie  sublingual  gland 
rarely  becomes  inflamed. 

Angina  I^udovici,  or  I^udwig's  angina^  is  a  septic  inflam- 
matiuu  of  tlie  tissues  of  the  flonr  i^^  the  mouth  surrounding  the 
suhniaxillary  gland.  It  may  result  from  ("arious  pro(*csses  at  the 
roots  of  the  teeth,  or  from  iidi-ctiuu  of  tlie  submaxillary  lymphatie 
glands  in  the  course  of  variou.s  infectious  diseases,  particularly 
scarlet  fever.  The  oxost  fretpient  terminaricm  isabsi»i^ss-foru«ation, 
with  perforation  externally  or  into  the  month.  Occasional ly  rapid 
necrf jsis  or  gangrene  results. 

Tumors.— Tin:*  parotirl  gland  is  more  frequently  the  seat  of 
tumnrs  tliau  the  other  salivary  glands.  Benign  tumors,  such  as 
tihrotua,  lijioma,  or  ch<uic!roiua,  are  rare.  The  most  common  new 
growth  is  the  so-f>alled  **  mixed  ttnnor,* '  which  is  essentially  sar- 
comatous, with  the  addition  of  fiitronia,  chontlroma,  or  myxoma, 
and  at  times  (d'  all  tliese,     Ejuthelionia  is  rare. 

Diseases  of  the  Salivary  Ducts. — Salivary  fslukt  niay 
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result  from  traumatic  mjuries  or  from  the  perforation  of  abseei?8es. 
Tliev  most  frrqiiently  aftrrt  (lie  dii(*t  tif  tlie  parotid. 

(VHicniMytt.^  tMiiiipusud  of  phnsjjIuitL*  and  rarl>noat(*  of  calcium 
areoecasionally  observed,  and  may  l«^at!  to  olistruftiou  ^d'  the  duets. 

Ct/iitiv  ffihtfafloti  of  Steno's  or  Wliarton's  duct»  or  of  those  af 
the  subliugual  glands,  may  be  due  to  cfmcretiojis  or  to  iutiani- 
raatory  prfR^esscs  at  the  mouths  of  the  (hiets.  Oval  or  ellipti*'at 
tumors  are  fVirnu'd,  and  coutain  traus]>areut,  viseid  lirjiiid,  Siieh 
eysts  belout^  to  t!u^  gnaii)  of  eoialitiniis  tlesiguated  as  rfttutia,  but 
more  freqiieiitly  ilus  is  due  to  obstruetiou  of  the  small  mucous 
glands  beneath  the  tongue. 

THE   ESOPHAGUS, 

CONGENITAL  DEFECTS, 

Oecasionally  the  esophagus  is  double,  being  divided  into  two 
parts  by  a  septum,  CViuijdete  abseuee  of  the  esopbngus  may  oetair 
in  certain  uxmstrnsities ;  more  frei[Uently  there  is  p-irtiid  abseuee 
of  the  Inmeu  atiout  the  noddle  of  the  tul>e.  The  lower  end  ot' the 
esophagus  iu  such  cases  communicates  with  the  tnich(»a,  while  tlie 
upper  cud  terminates  as  a  blind  pouch,  Tlic  iutenniMliate  defec- 
tive portion  nniy  be  represented  by  a  fibroin  oscular  eord,  or  may 
!)e  entin*!y  wanting.  Fistidons  eojnunnut^ations  may  jiass  froiti  the 
8ide  of  the  ne(^k  to  the  upjier  end  of  tlic  csoj^hagus  <u'  pharynx. 
They  are  due  to  incomplete  chjsure  oi'  the  hninchial  clefts. 

CIRCULATORY  DISTURBANCES. 

Anemia  nmy  Ite  due  to  general  anenfia,  and  active  hyper- 
eniia^  to  the  irritation  cd*  hot  li(|nids  or  chemicals. 

Passive  congfestion  resnbs  from  diseases  of  the  heart  or 
lungs,  or  from  cirrhosis  of  the  liver.  In  the  latter  eondUi*)n 
large  lyirivomfieA  may  he  cstaldislaHl  iu  tlic  hiwer  end  of  the 
esophagus,  due  to  the  eommuuieations  lietween  tlie  left  comnary 
vein  of  the  st^unaeh  and   tlu^  eso|>hageal   veins. 

INFLAMMATIONS. 

Catarrhal  esophagitis  is  eharaetcrizetl  l»y  hyperemia  and 
des^pianKitiun  of"  e|>itlieliumj  with  very  little  li4^uid  secretion.  It 
may  be  due  to  the  ingestion  of  irritating  a(*id  or  alkaliju*  liquids, 
to  scalding,  or  occasionally  to  direet  tnuunatic  irritation.  Super- 
ficial ere »s ions  are  sometimes  nu4  wit!i. 

Chronic  catarrhal  esophagitis  is  ii>untl  in  cases  of  passive 
congestion  eontinu^'d  thr  a  longtimt\  and  partienlarly  in  aleoholifs. 
The  mucous  membrane  is  thickened  and  dark  in  color.  Oecasion- 
ally erosions  are  met  with,  and  more  eonimouly  areas  of  liyper- 
trophy  of  tlu*  mucosa. 

Pseudomembranous  esophagitis  may  result  from  exteu- 
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Hioii  (if  pharvjigeul  dipdtheria  or  p.^t^idoniemltranoiii*  pharyngitiS| 
or  it  iiKiy  be  primary  in  nirt-  iiistaofes. 

Ulcerative  esophagfitis  nmy  tKx^iir  as  the  result  t>f  pustular 
eruption  in  8aiali-p<»x,  *»r  iti  t'onsiHjuenf*€^  of  irntiition  of  foreign 
botliei*.  It  is  nnt  untiisnal  tft  find  .*^niall  or  even  large  uleers  in 
tlie  nuicosa  of  e,sfi[>liagtal  tiivertieula.  These  are  oeeasioTUHl  by 
the  retention  of  fot»»l,  Feptie  nleers  similar  to  those  rH-enrring  in 
tlie  stoinaeli  are  oeeasionally  fonml  in  the  lower  ej»d  uf  theesi^phagus. 

Phlegtnonous  esopliag^tis  is  rare.  It  may  result  tVom  the 
ej^tension  of  intense  inthyunuitiiai  t*f  tlie  muec»us  nHMuljrane  into 
the  submucous  tissue,  tir  to  |>enetration  of  the  luueosa  by  sharp 
points  of  tish-lx>ues  and  the  like. 

STENOSIS. 

Stenosis  of  the  esophagns  may  he  due  to  the  presiii^  of 

tumors  or  aneurysms  upon  the  esophagus,  to  the  lodgement  of 
fori'ign  bodies,  to  the  irrowtli  of  tumors  in  the  esophageal  walls, 
or  to  strietin-e  of  the  esophagus.  The  last  m<jst  frrnut^ntly  resnlts 
from  the  liealing  of  nleenitions  caused  liy  the  swallowiog  of  cor* 
rosive  lif)nids.  Sypliilitic  and  post-typhoidal  strictures  are  rare. 
Carcinoma  of  the  esophngus  may  obstruct  by  the  growth  within 
or  by  the  attemlant  coulraetion  r»f  the  walls. 

mLATATrON. 

Dilatation  of  the  esophagus  may  itecur  in  the  form  of  a 
sitnpir  Jfifffftfion  or  ectasia,  or  in  the  form  of  diverttcuiu.     The 

former  variety  is  common  at  the  lower 
cud  iif  ihe  esophagus,  and  is  oecasirmed 
by  ol)structiiins  at  the  eardiae  eucl  of 
the  sttkmaeb,  <»r  at  the  piint  wliere  the 
esophagus  ])asK*s  through  the  diapliragm. 
The  dilatation  may  reach  cc»nsi*lenif>l6 
sis^e.  The  mucous  membrane  is  usually 
thin  and  often  uleenited. 

Diverticula  may  l>e  of  two  kinds, 
those  dne  to  prcssuH'  from  within  [  ptd- 
jitftn^dinrtirfiht)  and  those  due  to  trae* 
tion  from  without  {frarfion-^trnHTt tenia) 
{ Fig.  226).  Tlie  former  are  more  eom- 
mordy  tound  in  the  upper  portion  of  the 
eso]>hagus  or  tlie  lower  part  of  the  phar- 
ynx, and  arise  fmm  the  [wisterior  wall 
of  the  CHM|>hagus.  They  are  due  to  thin* 
ning  of  the  muscular  coat  and  to  her- 
nious  protrusion  of  tlie  mneous  mem- 
hrane.  They  may  reach  considerable 
The  traction -diverticula  are  uia-t  fre- 


FUr.  226v—TMirUr)tidivi'rt  I  All- 
ium of  tbe  i'^Mphnt;us  iiuoiUned 
m>m  Btrcli  Ulrsthniai. 


size  by  gradual  distention* 
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fjuently  found  near  the  lower  end,  opixi^ite  the  bifurcatioti  of  the 
tmehea*  They  are  caiiBed  })y  lullwi^ion  of  diseased  bronchial 
gland.s  and  i^nbse^jiient  contraction  of  the  attaehments.  They 
<jeeupy  tlie  anterit>r  wall  ot*  the  esophagus  and  have  a  somewhat 
fnnj*ei-shap(\  PeH'onitiou  may  rK-eur,  with  tlie  ilevehipnient  of 
fieptic  infection  of  the  pleura,  pt^rieardiuin,  or  InugH.  Perlbnition 
of  the  pninmnary  arteries  may  leail  to  fatal  hemorrhage. 

PERFORATION  AND  RUPTURE. 

The  esophagus  may  he  jierfunited  by  n€H?nitic  or  suppurative 
proees*?es  siirroundiug  it^  or  as  the  result  i»f  ideers  prot*ecding  from 
within.  Aneurysms  of  the  thoracic  aorta  occai^iitually  rupture 
intd  the  esophagus.  Retropljaryngi^a!  absecss<^s  aud  i>lilegniunous 
inrtaninmtious  of  the  deep  eervieal  tissues  may  likewise  diseliarge 
into  the  esophagus.  Perforation  by  ulcers  beginning  witliiu  luay 
be  due  to  the  lodgement  of  foreign  boilies,  or  tti  the  [iressui'e  of  the 
cricoid  e^artilage  iu  cases  of  great  asthenia  {see  Pharynx),  Per- 
foration of  the  lower  eiul  of  the  eso])hagus  may  result  frr^m  pt-*p- 
tic  ulcers  or  esophagomalaria  due  to  regurgitatiou  of  gastric  1  if  pud 
either  before  or  after  th^ath.  Spontaneous  rupture  of  the  esoph- 
agus oi^easionally  tiikes  place.  In  these  eases  there  is  doubtless 
always  some  anteeedeut  weakness  of  the  walls. 


INFECTtOUS  DISEASES. 

Tuberctllosis  of  the  esopluigus  is  extremely  rare,  and  most 
frequently  result^s  from  extension  of  tuber(L*ulous  adenitis  of  the 
bronchial  glands. 

Syphilis  occasionally  occurs  in  the  form  of  ulceration  and 
eieatriziUion,  leading  to  stenosis. 

Typhoid  ulceration  is  i>rol>ably  more  frecjuent  than  has 
been  generally  thought.  Occasioually  stenosis  is  caused  by  the 
cicatriees  of  the  healed  ulcers. 

Thrash  may  extend  ftom  tlie  mucous  membrane  of  the  mouth 
and  pharynx. 

TUMORS, 

FihronWy  inyomn^  Upoma^  or  even  min^Qma  may  occur  as  some- 
what polyp<iid  submucous  tumors,  but  are  rare,  PapiUomaiaf  in 
the  form  of  outgrowths  of  tlie  mucous  membrane,  are  more  eom- 
mon. 

The  most  important  tumor  is  afrrhto}na,  which  is  usually  found 
in  the  lower  part,  gi-ncrally  at  the  position  where  the  letl  bronchus 
crosses  the  esopbiigus.  It  may,  however,  be  found  at  any  part. 
The  s*pjamous  variety  is  the  most  eommon.  though  a  few  instances 
of  glandular  carcinoma  arc  recortled.  The  tunuu'  usually  involves 
the  entire  lumen  of  tlie  eso(>hagiis,  projecting  inward  ant!  ff>rming 
irregular  elevations  of  the  mueous  membrane.     Later,  the  growth 
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extends  outward  through  the  muscular  coat  to  the  fibrous  outer 
layer,  and  even  to  the  surrounding  tissues.  Dilatation  occurs 
above  the  tumor,  and  occasionally  perforation  results  from  ulcer- 
ations caused  by  retained  food.  Local  or  more  distant  metastasis 
may  take  place. 

THE   STOMACH. 

CONGENITAL  DEFECTS. 

Complete  absence  of  the  stomach  has  been  found  in  certain 
monstrosities ;  but  stenosis  or  atresia  of  the  pylorus,  division  by 
the  formation  of  septa,  and  hour-glass  contractions  have  been  more 
frequently  observed.  In  cases  of  transposition  of  the  viscera  the 
stomach  may  be  reversed  in  its  position,  the  pylorus  being  on  the 
left  side,  the  cardiac  end  to  the  right. 

CIRCULATORY  DISTURBANCES. 

Anemia  of  the  mucous  membrane  is  found  in  cases  of  general 
anemia,  particularly  in  pernicious  anemia.  The  mucosa  has  an 
extremely  pallid  appearance,  and  is  prone  to  undergo  fatty  degen- 
eration and  atrophy. 

Hyperemia. — Active  congestion  occurs  in  the  beginning  stages 
of  inflanimation  of  the  mucous  membrane  of  the  stomach,  and 
results  from  irritating  mechanical  or  chemienl  agents.  The  mu- 
cosa is  bright-red  in  color  and  may  present  minute  hemorrhages. 
Moderate  hyperemia  is  functional  during  the  period  of  digestion. 

Pftsaive  hyperemia  occurs  as  a  result  of  obstructive  heart-dis- 
ease, or  more  particularly  from  obstruction  of  the  i)ortal  circulation 
by  cirrliosis  or  other  diseases  of  the  liver.  Pulmonary  affections, 
by  interfering  with  the  outflow  of  blood  from  the  right  side  of  the 
heart,  may  also  occasion  congestion  of  the  stomach.  Tlie  mucosa 
is  dark-red  in  color,  swollen,  and  often  edematous.  Minute 
hemorrhages  may  occur,  and  small  erosions  may  api)ear  uj)on  the 
surface.  The  changes  are  more  marked  near  the  jiyloric  end  of 
the  stomach.  AV^h'^n  the  congestion  has  persisted  for  some  time 
dark-reddish  or  bluish  pigmentation,  usually  occurring  in  j)unctate 
form,  is  developed  and  chronic  gastritis  results. 

Hemorrhage  in  the  mucous  membrane  or  from  the  nui(M)us 
membrane  of  the  stomach  results  from  a  variety  of  causes.  Small 
petechiae  are  met  with  in  active  or  i)assive  congestion  and  in  acute 
mflammations.  They  are  also  present  in  various  infectious  or 
hemorrhagic  diseases,  such  as  pur|)ura,  scurvy,  sei)ti('emia,  and  the 
like,  and  in  anemic  affections  like  pernicious  anemia.  In  many 
cases  punctiform  hemorrhages  are  develoj)e(l  just  Ix^fore  death. 

Larger  hemorrhages,  and  ])articularly  hemorrhages  into  the 
cavity  of  the  stomach,  result  from  intense  passive  congestion  in 
cardiac  disease  or  cirrhosis  of  the  liver,  and  from  gastric  ulcera- 
tion or  carcinoma.     When  large  vessels  have  not  been  crcxled  the 
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blood  escapes  gradually,  and  may  be  vomitt'd  in  a  somidi^egted 
and  disor|2:anized  condition  (coflVr-^^mund  vomit).  This  is  jR-eij- 
liarly  signilu'ant  of  cnn  inorna,  Wlit'ii  one  of  the  largtT  vessels 
has  l>oen  urocJ^.-d  Itiri^v  (|iiaiititit's  of  ireslj  blor»d  may  be  vomited 
and  rapid  deatli  may  occur. 

Mekejia  nroHatotam^  tlie  voniitiug  of  blotMl  by  the  new-born, 
results  from  pi.stric  hemorrliage  due  to  disturbances  of  eircidation 
due  to  insnffieient  respiration,  and  jwssibly  in  other  cases  is  a 
variety  of  infectious  hemorrhagic  disease. 

INFLAMMATION. 

Acute  inflammation  of  the  mucosa,  or  acute  gastritis, 

results  from  irritation  by  eheniieal,  meclianiral,  or  thermal  agents. 
Some  eases  are  doubtless  due  to  infection.  The  mneous  meitdjrane 
is  bright-red  and  covered  with  inure  or  less  viscid  mucous  exu- 
date, Punetatc  hemorrhag(*s  may  o<'eur.  ISIieroseopieally  tliere 
ai*e  found  :  marked  mu(*ous  defeneration  of  the  cylin(h*if^l  cells  of 
the  tnbuh*s,  and  desfjuaiiiation  and  t^ramdar  degeneration  of  the 
enboidal  cells  in  the  fundus  of  the  glands.  Tlie  niuerms  nieni- 
brane  between  the  tubules  is  infiltrated  with  round  cells,  and  not 
rarely  the  same  process  oerurs  in  the  submueosa.  The  collections 
of  lymphati*'  tissue  (follicles)  in  the  mucous  uicudu'anc  are  often 
livperplastie.  Acute  gastritis  is  more  freijui'utly  found  near  the 
pyloric  end  than  elsewhere. 

Pseudomembranous  gastritis  may  result  from  the  inges- 
tion of  corrosive  jjoisou.s^  and  is  oeeasioually  ser^n  in  snudl-pox^ 
typhus  fever,  and  various  fruins  of  st^]>tieeniia.  It  may  he  nu.*t 
with  in  diphtlu^ria,  and  may  he  (hie  to  dirt^*t  extension  <jf  tlie 
process  ahuig  the  esti[)hagus.  The  surface  td  the  mucosa  is  cov- 
ered with  an  irregular  membnuie,  and  necrosis  and  ulceration 
are  not  rarely  observed,  especially  in  cases  due  to  e(»rrosive 
poisons. 

Ulcerative  Gastritis, ™Smtill  erosions  nuiy  be  foiniil  in 
cases  of  extn-uie  cong(stion  or  jK'teehial  lieinorrhage.  as  well  as 
in  aeute  j^stntis,  ^Vfiual  uleemtion  is  seen  in  i^seudouiembrauous 
ga.stritiij,  and  m-easioually  as  a  result  of  septic  embolism  in  the 
mucosa  in  eases  of  nraliguaut  cndi>eardilis.  Infections  ulcenUi*>ns 
CKX'ur  in  gastnMntcstinal  tubtTeulosis  and  anthrax,  and  in  typhoid 
fever,  but  an*  very  rare. 

Chronic  gastritis  may  result  from  repeated  attacks  of  acute 
gastritis,  and  is  especially  prone  to  occur  IVom  improper  hiibits 
of  eating,  or  from  the  abuse  of  alcohol.  (Jlironic  congestion,  such 
as  oeeuns  in  h< 'art-disease,  strongly  predisj^oscs. 

Pathologic  Anatomy. — Tiie  ajipearaur-e  of  the  mucous  nu^ni- 
hrane  varies  greatly.  In  the  mihler  cases  the  surface  is  nu*re  or 
less  irregular  and  granular,  and  is  covered  with  mucous  exudate. 
The  color  niav  be  gmyisli,  but  in  eases  in  which  jKissive  congestion 
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ha^  precf'ded  the  developnaent  of  giistritis  it  is  often  slate^^^olored 
iro  m   p  ig  1 1 1  en  fa  t  km. 

Mien istMjpii "111 ly  tliere  rimy  hv  Inuinl  fimiMms  degi'iienition  of 
tlie  rylindriciil  rpitlu'Iiimi  uf  tli*'  tiilmlcs,  jmd  tlfHjnuiiKition  and 
nut  mnly  |)n4Henitiuii  nf  i\w  ^e<'ivt<>rv  rpit lit  limn  in  the  fundiij^ 
oi' tlif  ^landt^.  The  glands  may  be  ec>n?iiflerahly  dihite<l  and  tilh^d 
with  nxiieimi?  exudate  and  de&.qiiamated  cells.  The  interghindidar 
tissues  are  intiltnited,  and  may  be  thiekeneil  by  the  format  inn  nf 
new  eonneetive  tissue  ;  the  .same  pnieess  may  involve  tlie  sub- 
mueoui^  ecmt.  TIk-  blooil-vesselH  i»f  tire  latter  are  often  greatly 
dilated  and  their  walls  may  lie  thiekeiied.  In  the  later  .stages 
the  glimds  may  undrrgu  prugressivT  atruphy,  tiie  epithelinin  dis* 
api>enring  alm<»st  entirely  and  the  Innien  of  the  gland  beeuming 
less  and  less  distinet.  Coineidently  with  these  changes,  and 
to  8onie  extent  eausing  theni»  there  is  fibrous  overgrowth  of  the 
i n tergl a n d  ul ar  t i ssues. 

In  snme  instanees  the  eontnietion  of  tlie  new-formed  rcuuiec- 
tive  tissue  cause8  protrusions  of  the  mueon^  membrane  or  ix»lypoid 


Via  j-i7,— Chronic  K^^^stritJi,  showing  polypoid  pr 
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elevations  (Fig.  227).  These  may  still  further  enlarge  by  pro- 
litemtion  and  cystic  distention  of  their  glandular  elements.  In 
<»ther  eases  the  proliferative  changes  in  the  interglantlubr  tissues 
may  be  more  ditfuse  and  the  mucous  membmne  nmre  regidarly 
tliiekene(L  T(*  botli  of  these  forms  the  name  /n/^tt  rfropfnc  ffas- 
iritlH  iwwy  be  applied.  In  still  other  eases  the  formation  of  fibrous 
tissue  causes  pressure-atrophy  of  tlic  glands ;  the  surface  in  these 
cases  l>ecHmes  smooth  and  the  raueosji  greatly  tliinnefl 

The  sclerotic  prwess  may  involve  not  only  the  mucous  mem- 
brnne,  but  also  the  submucous  and  even  the  muscular  cuat.     In 
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such  crises  the  thiekncfis  of  the  wall  of  the  stojimch  may  increase 
greatly,  and  tfie  i?ize  of  the  iirir-in  greatly  diminish  hy  ermtmetifju. 
The  term  uifcrHtiiiftl  f/a^strffhy  nr  fjftJ<irfi}ththUh,  may  l)e  a}»plied  U* 
Siirii  eafi(*s. 

Pathologic  Physiology  in  Gastritis,=All  forms  of  giis- 
tritii*  eause  di.^tiirbanees  of  tlie  fiiiietitmH  of  the  stomuehj  dejifig- 
nate<l  by  the  terms  thf.spepn'iifi  and  indiz/rMiioji.  Tliese  disturhanees 
are  due  lo  abnormal  sueretion  of  the  gastrie  glaiitis,  reduced  motor 
power  of  tlie  walls  of  the  stomaeb,  and  altered  (conditions  uf  the 
nervon,s  mechanism.  The  most  imj>nrtant  {dteraiiiin  of  secretion  is 
r^'diietion  of  the  amount  of  hydrorliloric  aci<L  TIjis  is  ahnost 
constant  in  nncomplicutcd  jj^stritis;  in  some  eases  there  is  jiracti- 
cally  no  hydrrK^hlnrie-aeid  i^eeretion*  The  ferments,  pepsin  and 
curftlin*^^  ferment,  may  be  prtxhieed  in  insufficient  amount,  but  are 
very  rarely  absent  In  eases  in  which  certain  i^eneral  conditions  or 
nervous  atleetions  e<*exist  with  moderate  uiistritis,  excess  id"  hydro- 
cliloric-aeid  secretion  wcurs.  Reduction  in  the  amount  of  hydro- 
chloric acid  causes  delay  and  inadequacy  of  iligestion  of  proteids. 
When  the  aeid  is  wholly  wanting  dceomposition  ol'  the  proteids 
may  oeenr,  and  sutjvhuntted  liydrf^gen  and  other  prodnets  of 
decf»mjM>sition  rcsnlt.  Excess  of  hydrochloric  acid  intcricn'S  with 
salivary  di|^est ion  in  the  stomach,  and  in  consetpicnee  fermentatifin 
of  (»arbohyd rates,  with  product  ion  of  lacti(%  Imtyrie,  or  acetic  acid 
and  of  various  ^ases,  takes  place.  Sucii  fermentation,  however;  is 
not,  as  a  ruk\  obs€«rve<l  unless  the  motor  power  of  the  stomach  is  defi- 
cient antl  the  foorl  is  retained  in  the  stomacli  bey<mil  the  usnal  time. 
It  is  not  improbable  that  toxic  substances  are  produced  in  some  cases 
by  proteid  tlecom position,  but  accurate  observations  are  wanting. 

The  motor  power  is  usually  deficient  in  proportion  to  the  inten- 
sity of  the  gastric  disease.  In  some  eases  the  ftKxl  is  retained 
many  hours  longer  than  the  usual  periods,  an<l  fernientati*»n 
and  (h'eomjwsition  are  thus  greatly  favored.  Dilatation  of  the 
iit^miacli  may  be  brought  about  by  tlie  retention  of  ibo*l  and  the 
aeeuuuilation  of  gases  f»f  deeomiMisitii»n,  and  the  dilatation  in  turn 
increases  the  motor  insufficiency  of  the  stomaeh. 

Altered  conditions  of  the  nervous  meehanisni  of  the  stomaeh 
manifest  themselves  in  a  variety  of  ways.  Sometimes  there  is 
excessive  irritalulity  of  the  mucosa,  causing  vomiting;  in  other 
eases  a  feeling  of  heaviness^  or  pain.  Alterations  of  apjK'tite  and 
of  gastric  motility  are  otlier  results  |irobably  hnrnght  about,  in 
part  at  least,  through  nervous  disturbances. 

The  general  I  nietitbolism  sutfers  profoeuully  in  gastric  disease- — 
mainly  in  consequcnee  of  the  insufficient  ffnul  eaten  or  digested, 
Emaeiatiim  and  systemic  clepresslon  are  the  clinical  consequences. 
It  is  proliable  that  tc*xic  substimces  pnKluecfl  in  the  stomach 
contribute  to  the  metabolic  disturbances,  but  this  remains  to  be 
proved. 
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GASTRIC  ULCER. 

GastriCj  peptic^  or  round  ulcers  aiv  most  frequently  found 
ill  iiiiemic  youii^  woiiiun,  ami  aiv  |imlmbly  (liii'  to  the  digt^stive 
jiction  i>f  the  gastric  ]ui«/a  Similar  lesions  may  oooiir  in  the 
!ipl>er  end  of  the  diiatJenum  and  in  the  lower  eiNt  of  tlie  enipha- 
gUHi.  Reeently  Mayo  has  insisted  lluit  flntidenal  ideers  are  nnieh 
more  frequent  than  has  been  heretofore  believed^  and  that  they  are 
more  eonimon  in  men  than  in  women* 

Etiology. — The  ^reat  majority  of  the  caso8  occi!r  in  voimg 
women,  and  particularly  in  th<Kse  snflerinif  with  ehlorosis  or 
anemia  and  general  inLduntrition.  Tiie  patho*i:enesis  (»f  thei*e 
uleeri?  has  i>eeusiomHl  mucii  ili>|Hite.  It  is  admitted  that  they  are 
due  to  the  action  of  the  gastric  juiee  ujion  parts  of  lowered  vitality, 
and  the  term  uhug  ex  digedione  is  therefore  appropriate.  The 
increased  aei*lity  of  the  tyastrre  juice  in  chlorosis  is  an  important 
factor.  The  lowered  %'itality  wliieh  hx-alizes  the  ulcerjitiuu  has 
been  ascrilied  to  many  causes.  Eudiolis?ni  or  thrombosis  witli 
infarction  was  suggested  liy  the  shape  of  the  ulcers,  and  may  Iw 
the  explanation  for  gome  cases.     Spasm  of  the  blood-vessels  in 


a^S—PepciO  ulcer,  allowing  erosion  Into  a  1>lijod* vessel  In  the  floor  of  the  ulcer 
(BolUuger). 


localized  areas,  and  thickening  of  the  walls  of  tlie  vessels,  leadinp^ 
to  anemia,  have  been  sutr^ested,  as  have  alst»  dii*ect  tmnmatic 
injuries  of  the  mneous  mend>mne  and  external  tninnuitism,  causing 
rents  of  the  nuieons  surface,  Cireulatory  distnrlmnees  due  to 
tight  lacing  are  supposed  by  some  to  be  inj])ortaut. 

Pathologic  Anatomy. — Peptic  ulcers  are  usually  single,  but 
may  be  multiple.  They  are  commonly  situattHl  iu  the  le^^ser 
curvature  and  tlie  jx^stenor  wall  of  the  sttiuiaeh,  near  tlie  pylorus; 
occasionallv    ilwv    are    found   at    tlie    fundus   or   at    the    cardiac 
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end.  They  vary  in  tlifimeter  from  a  few  niillinieters  to  three  or 
five  eenti meters.  Their  shap<'  in  cliiimeteristi*!  in  that  they  have 
sloping  edgoH^  giving  tliein  a  fuiiiiel-liinii,  \sith  the  apex  toward 
th<^  niii^euhir  eoat.  The  et%es  may  he  irreguhir  and  rough,  hut 
are  often,  espt*eially  in  older  uhrerg,  quitt?  s?niooth  and  rounded, 


Fio.  229»— reptic  ulcer  with  perforacion  (Bollinger). 

Twc^  dangers  are  always  imminent,  hemorrhage  and  perfora- 
tion. (  V)nstant  oozin^^  of  hhxKl  may  \w  due  to  erosion  of  the  surfaee, 
and  larger  heni(*rrhaw;es  may  result  from  ulceration  of  oiie  of  the 
larger  arterial  hranches  of  the  stomacli  (Fig*  228).     Perforation 


Fio.  230— SteUftle  sn 


,i^i.TU 


IS  lesR  eommon  than  hemorrhage,  Wlien  the  nicer  is  situated 
pi»steriorly  perf4tnition  is  prevented  Ijy  adhesions  attiehin^^  the 
stomaeh  to  the  head  f>f  tlie  jKinereas  or  other  Ftnietnres,  When 
the  ulcer  h  in  the  anterior  wall  perfomtion  is  more  liable  to  take 


i 
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place  (Fig.  229),  The  rupture  may  i^etnir  into  the  peritoneal  cav- 
ity or  intti  any  of  the  s^uiTuimdiiig'  .stnictiires,  and  fistulous  cf^m- 
numieatioas  may  be  eritablished  with  the  phmml  or  perieurdial 
f^avitieSj  or  even  with  the  exterior  thrrvugh  tlie  abdominal  walls, 
Altseesses  of  the  liver,  spleen,  or  panerea??  may  result  fr^im  per- 
il* rat  ion  into  these  ortfaus. 

In  the  healing  of  the  ulcers  sf/ars  are  furinet]  in  the  wall  cjf 
the  stomaeh.  These  have  iLsnally  a  rather  characteristic  stellate 
shape  (Fig.  230)»  In  case  uf  large  ulcers  extensive  sc^rs  and 
eijnsiilerable  contraction  of  portions  of  tlie  w^alls  of  the  stcmiaeb 
result  Huiir-glass  contraction  of  the  organ,  or  pyloric  stenosis, 
may  follow,  and  <c4'f!ndary  changes,  ??uch  as  gastric  dilatation,  may 
ensue.  Car(*iniirnatous  t ra nsfurmatioa  ih  a  not  infrequent  result 
of  long-standing  ulceration. 


ATROPHY   ANt>   DEQENERATIONS. 

Atrophy  of  the  glancls  or  gastric  tubules  is  frequently  seen  in 
chn>nic  gastritis.  Tlie  same  condition  <M;curs  as  a  senile  change 
and  in  association  witli  various  rlironic  diseases,  especially  jierni- 
cious  anemia.  A  certain  amount  of  atropliy  of  the  entire  mucous 
membrane  results  in  a  purely  mechanical  way  from  gastric  dila- 
tation. 

Decrease  in  the  size  of  the  gtomaeh  as  a  whole  may  be  the  re- 
sult of  chronic  gtistritis,  when  the  new-funned  connective  tissue 
contracts^  In  sucli  cases  the  stomach  may  bcc<une  quite  small, 
the  walls,  however,  increasing  in  thickness.  Somewhat  similar 
shrinkage  in  the  size  of  the  stomat-h  occurs  in  some  instances  of 
infiltniting  cancer  of  the  strunaclK  The  tumor  may  involve  all 
parts  of  the  orgjin  t'fpially,  and  cause  miu'c  or  less  thirkening  of 
its  walls,  but  the  size  of  the  organ  is  diminished  by  cuiitraction  of 
the  coinicctivc  tissttes. 

A  form  of  true  atropliy  is  sometimes  caused  by  obstruction  of 
the  cardiac  orifice  ;  it  is  probably  due,  in  part  at  least,  to  the  in- 
sufficiency of  food  admitted  to  the  stomarh. 

Degenerations  of  the  muccms  nieml>nuie  of  the  stomach  are 
met  witii  in  association  with  intlammation  or  as  independent  affec- 
tions. 

Fatty  degeneratioE  of  the  epith<^lial  cells  of  the  ghnuls  may  be 
the  result  of  intijxii'ations  (phosi)borus»  arsenic),  or  of  conditions 
such  as  those  w^hich  lead  to  simple  atiT>}>hy.  The  occurrence  of 
atrophy  and  fatty  degeneration  of  the  gastric  tuhuh's  in  eases  of 
jiernicinus  anemia  is  tif  great  importance,  though  it  remains  un- 
settled whether  these  cHmditiiMis  are  the  cause  wr  n^sidt  of  the 
anemia.  Recent  iuvestigatifuis  would  indicate  that  frequently 
they  are  the  cause. 

Pigmentation  is  met  with  as  a  result  of  chronic  congestion  or 
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hemorrhage  into  the  mue(*iLs  memhraiie.  The  nuieosa  lias  a  (lark- 
red  i>r  often  a  slaty  discrihiration,  whieli  i^^  pnme  to  lie  distributtcl 
in  lines  or  in  cirtHimseribetl  putches.  Bluish  j>igraeiitation  of  the 
stomaeh  .sometime.'^  occurs  trorn  the  intrestic^o  of  silver 

Amyloid  degeneration  runy  l»e  imiud  aroiiiiil  the  lileKxl-vessek 
of  the  .snbniiieosa,  or  naore  rjrely  of  tlie  tnueo^a  itself,  in  enses  of 
general  amyloid  disease.     Amyloid  u  lee  rati  oris  may  0(*eur, 

Calcification  has  lieeii  met  with  in  ea^seg  of  bciiie-disease  ^\'ith 
sureliarge  of  the  hlofHl  with  earthy  s;dts.  It  appears  in  the  form 
of  seales  or  phites  of  calt*iiieati(in  «j>c>n  tlie  rmieosii. 

Gastromalaciap  or  simple  stifteiiing  of  the  walls  r>f  the  stomaf4i, 
is  nsiially  a  pijst-mijrtem  eonditiuiij  and  is  due  U*  the  action  of  the 
gastric  juice.  The  nature  of  this  pnx-ess  has  occasiimetl  mueli 
diseussioiT,  but  it  is  now  recogaizeil  as  a  post-morti^m  eoiKlitiou,  or 
as  a  condition  ix^curring  during  life  only  in  the  a)LC<»nal  peri*)d.  It 
affeetri  the  fundu.s  or  jxisteriur  pa  it  of  tlie  stomai-h.  Tlie  mucous 
nieuibrane  becomes  soft  and  more  nr  less  gelatinous,  and  is  grayish 
or  yellowish  in  ee>lor  if  the  mrieosa  was  aoemie,  or  Irrowuish  in 
cases  iu  which  there  was  congestion  hefcire  death.  KuiJtLirc  and 
discharge  of  the  contctitsof  the  stomach  into  the  peritoneal  t*avity, 
spleen,  or  other  adjacent  organs  may  oe(^ur.  The  walls  of  the 
stomach  in  the  affected  area  shmv  grannlar  degeneration  of  the 
component  cells,  bnt  no  evidences  tvf  inHammattirv  reaction,  and 
when  niiJtorc  lias  <x'eurred  there  are  no  reactive  inHammatory 
lesions  of  the  peritoneum,  showing  that  the  [lerfonition  occurred 
after  death* 

ALTERATIONS  IN   POSITION  AND   SIZE. 

Alteratiotis  in  Position,— Tlie  stomach  may  he  disphieed 
into  the  tlioraeie  cavity  in  cases  of  peiionuion  or  rupture  uf  the 
diaphragm  {tliaphraf/mafic  hernia).  It  may  be  displace*!  ante- 
riorly as  a  t*ongenital  malposition  in  conseijuenee  of  defect.^  of  the 
anterior  abdiimi rial  walls,  and  may  in  sneh  eases  Ik*  quite  exj>osed. 
Downwanl  dislocation,  m*  f/tis<frtyifosi\  is  either  crmgenital  or  atv 
quired.  The  act[uircil  limn  may  be  due  to  diseases  of  th<^  stomach, 
particularly  dilatation,  to  the  traction  of  inflammatory  adhcsicms, 
to  enlargement  of  the  spleen,  and  probably  to  tight  lacing.  Occa- 
sionally in  anemic  and  relaxed  women  all  <jf  the  abdominal  viscera 
tend  to  descend  (j>t/flanclntojft<jHi^'<). 

Dilatation,  or  gastrectasia>  most  fn^quently  results  fmm 
obstruction  of  the  [»yh>rus,  Tfie  hitter  may  be  due  to  cicatri- 
zation the  result  of  the  healing  of  ulcers,  to  fibroid  overgrowth 
and  eontnictinn  the  result  of  chronic  gastritis^  or  to  pyloric  eaivi- 
noma.  The  pressure  «)f  tuniots,  of  a  movable  kidney,  or  of  aneur- 
ysms may  act  similarly.  At  first,  pyloric  stenosis  may  be  com- 
pensated by  hypertmphy  of  the  muscular  layer  of  the  stomach, 
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but  soon  dilatation  occurs;  food  stagnates,  fermentation  takes 
place,  and  the  dilatation  is  increased.  The  mucosa  becomes  thin 
and  ofttimes  degenerated  and  atrophic. 

A  second  group  of  cases  (atonic  dilatation)  is  independent  of 
stenosis  of  the  pylorus,  but  due  to  weakness  of  the  walls  of  the 
stomach.  The  latter  may  be  the  result  of  chronic  gastritis,  or 
of  a  general  atonic  state.  Constant  overeating  may  play  an  im- 
portant part  in  some  cases.  Finally,  dilatation  may  result 
mechanically  from  abnormal  adhesions  of  the  stomach. 

Dilatation  of  the  stomach  occasions  great  stagnation  of  food, 
and  in  consequence  imperfect  digestion  and  dec^omposition  of  the 
food.  When  hydrochloric  acid  is  absent  (as  in  cancerous  stenosis 
of  the  pylorus  and  marked  atonic  dilatation)  lactic-acid  fermenta- 
tion is  pronounced  ;  when  hydrochloric  acid  is  present  lactic  acid 
is  less  abundant  or  absent.  Sulphuretted  hydrogen  and  inflam- 
mable gases  are  occasionally  formed,  especially  in  cases  in  which 
hydr(K*liloric  acid  is  present.  The  mucous  membrane  of  dilated 
stomachs  loses  its  absorptive  power  to  a  large  degree.  This, 
t(»gether  with  the  retention  of  ingested  liquid  in  the  stomach  and 
the  consequent  cessation  of  intestinal  absorption,  leads  to  great 
emaciation,  and  especially  to  desiccation  of  the  tissues. 

Among  the  micro-organisms  met  with  in  the  giistric  contents 
the  Sarcimr  venfriculi  are  of  interest.  These  occur  in  bundles  of 
peculiar  square  form.  The  sarcina  is  more  frequent  in  non-cancerous 
than  in  cancerous  dilatation.  In  cases  of  dilatation  due  to  cancer 
of  the  stomach  the  Oppler-Boas  bacillus  is  found  (see  below). 

INFECTIOUS  DISEASES. 

A  few  cases  of  tuberculous  ulceration  have  been  recorded,  and 
ayphiUiic  gummata  or  ulceration  may  occur.  Diffuse  cirrhosis  and 
ordinary  gastritis  may  he  dependent  ui)on  syphilis,  but  the  etio- 
logic  connection  is  uncertain.  Aiithrax  may  lead  to  necrotic  and 
hemorrhagic  ulcers  of  the  mucosa.  Thrmh  is  rarely  met  with, 
though  tlie  spores  of  saccharomyces  are  frequently  present  in  the 
stomach  when  the  mouth  is  affected. 

TUMORS. 

Connective-tissue  Tumors. — Fibroma,  myoma,  and  lipoma 
are  occasionally  met  with  as  submucous  or  subserous  polypoidal 
tumors.  Sarcoma  is  rare.  It  afiects  the  lyni])hoid  tissues  of  the 
deeper  ])arts  of  the  mucosa,  and  rapidly  s])rea(ls  to  the  submucosa 
(Fig.  231).  Most  cases  are  of  the  round-cell  variety.  Lympho- 
sarcoma of  the  adenoid  tissues  of  the  stomach  may  be  one  of  the 
lesions  of  leukemia  or  Ho<lgkin's  disease. 

Epithelial  Tumors. — Polypoid  elevations,  sometimes  with 
cystic  enlargement  of  the  glands,  occur  as  a  result  of  chronic 
inflammation,  and  may  be  large  enough  to  be  regarded  as  tumors 
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in  a  rliniciil  st'ns{\  AtlrnofHatott.^  pn/llfrratiitn  of  the  f.'laiuts  is 
met  with  in  the  lurni  of  irre*^ular,  flat  tiiniorr?,  Ijiit  thc.se  so  nii>- 
idly  become   t-arcnnomatout^  that  pure   ailenouia   scarcely  exists. 


Ite.  231.— t^areoinii  4)f  tht-  btomnoh,  lnv<^lvin|E  nil  uf  thticimls;  the  orijfhinl  t^r^uUi  jirob- 
iibly  ixjcyrred  in  Iha  inucosa  ttnii  i^yibiiitjiHjNa. 

Carcinoma   is  tlie   most    fre([iient   tumor  of  the  stomach.     It 
oecurB  in  advanced  years,  uiid  more  often  in  the  male  sex  tlian  in 


^^^•' 


P. 


:%     '^'r -^   ^- 


fto,  232.— Frjiguieiil  nf  carii'Imnuulous  llssue  found  ici 


^sihiriRs  <HeInuVfjth). 


the  feniaU\  The  pyhiric  end  of  the  organ  atul  the  lesser  eiirva- 
ture  are  the  fa\'orite  sites,  but  other  parts  may  lie  atfeeted  and  the 
entire  organ  may  be  involved.    Cancer  of  the  stomach  may  appear 


570 


TEXT-BOOK  OF  PATHOLOGY. 


as  a  ring-like  swelling:  of  \\w  nuif^ou.s  mcmliraDO  and  submucous 
tissue,  surrmintlins:^  the  pylorus  and  t'uusing  .stenosis ;  as  more 
or  less  eireukir,  Hat  elevations  in  the  lesser  curvature  or  else- 
where;  and,  iinally,  as  a  ditruse  inliltration  of  the  mueosa,  sub- 
mucosa,  or  all  of  the  eoiUs  of  the  entire  ori^^an.  Tlie  nmeoiis 
surface  is  ij:enerally  irregularly  elevated,  and  tenuis  to  become 
ulcerated,  especially  in  medullary  ctmeer  and  in  the  ^:^ases  in 
wliich  there  are  localized  flat  elevations,  Sonietimes  portions 
of  the  cancerous  tissue  may  hr*  found  in  tin'  V(*mita,  and  the 
diagnosis   tif   the    disease    luay    he    thus    established   {Fig.   232), 


Fig.  233*— Card noraa  of  the  ciirdliiir  eiid  of  the  slomnch ;  eirUniAiirjti  into  dtiocletium :  iS, 
dUiited  eiopha^us;  K^  ulcerated  carcluoma;  (?,  a  (H.'rfonUlug  ulceration;  if,  stomacb 
(Orth). 


Perforation  of  the  wall  of  the  stomach  may  result  from  ne<Totic 
ami  ulcerative  processes  (Fig.  233).  The  neighboring  lymphatic 
glands,  especially  those  iu  tlie  lesser  curvature  of  the  stomach, 
are  usually  iuipli(*ated  through  the  lympliatic  vessels.  Direct 
extension  to  the  peritoneum  may  oecur,  especially  in  cases  of  col- 
loid cancer;  and  luctastasis  through  the  blnod-vessels  is  extremely 
common.  Caucemus  emboli  arc  fre(L[Uently  found  in  the  jiortal 
radicles  within  the  liver,  and  nmltiple  caneer-nodes  of  the  liver 
are  usually  foiiud  in  eases  which  have  existed  for  some  leiigtli  of 
time.  H*Mnatogenous  metastasis  is  most  common  in  soft,  ulcer- 
ating cancers, 

Varieiit'», — There  may  Ik*  distinguished  hard  or  scirrhous 
cfincrrH,  soft  or  medulla rif  cativn'Sj  adenocarchiomata  or  malignant 
adtiiomata,  ctflindricid'<^elh'd,  and  sqiiuvmtm-edled  varcinmvata* 
All  forms  begin  in  the  mucous  membrane  and  spread  ra|iidly  to 
tlie  sul>nmc*osa.  The  muscidaris  may  be  penetrated  and  infil- 
tration of  the  serosa,  or  eveo  of  surrounding  tissues,  may  be 
observe<i 
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Scirrhous  canoc^r  may  appear  as  a  oircular  coimtrietin^  new 
growtli  at  the  pylurns  (Fig*  234),  In  other  ease^  the  (lineLLse  \a 
extensive,  and  t!ie  entire  organ  may  be  involved  by  nnitorin  infil- 
tration, anrl   niacroseopieally  tlie  appearance  of  a  simple  cirrhtjsis 


Fte.  2S4,^dctrrbus  of  the  pylorus,  caiiHlnff  pylarlc  atenr^sii:  Ft,  <]ii^Klenum  ;  P,  pjrlofui; 

A',  imrcluomatouis  pfrjjt5<t(niis  oij  the  muc*KMi  fOrthj. 

of  the  stomaeh  is  presented.  In  the  last-mentioned  variety  the 
organ  may  be  ;^reatly  reiloeed  in  size,  tliougli  the  uaiU  are  greatly 
thiukeiKML     The  niucou*  surtace  rarely  nlcerates  in  seirrlnift. 

Medullary    or   soft   cancer   usually    api)ears    as    a    hx^lized 
tum<tr   at    the  pylorus  or  in  tlie  les&tT  curvature.     Tlie  rnneous 


\h''f  If'ffff'f:**** 
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merabrane  i^  irregiilarly  eh^vatr^*!,  ofttimcg  in  a  cauliflower  man- 
ner (Fig.  235),  lJh»eration  on  the  huHbc^c  i«  eofrnn^in,  and  hein* 
orrliagie  extrnvaHatiini  into  the  j!^trmiiu?h  ii^  therefore  frequent. 
Meta^^tasis  through  the  blood  is  liable  to  occur,  fJomplet*?  per- 
foration of  the  stomach  may  take  plac(;. 
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Malignant  adenoma,  or  adenocarcinoma,  begins  as  a  prolifera- 
tion of  gastric  tubules.  The  new-formed  acini  are,  nowever, 
atypical  in  arrangement  and  number,  and  there  is  a  tendency  to 
conversion  of  the  normal  cylindrical  cells  into  cuboidal  cells, 
and  to  extensive  cancerous  infiltration  by  excessive  formation  of 
acini  or  tubules,  as  well  as  by  destruction  of  the  basement-mem- 
brane of  the  acini  and  irregular  cellular  invasion.  The  appear- 
ance of  the  tumor  and  its  tendencies  are  the  same  as  those  of  soft 
cancer. 

Cylindrical  cancer,  or  cylindrical  epithelioma,  probably  arises 
from  the  cylindrical  lining  cells  of  the  stomach,  or  from  the  cells 
in  the  upper  parts  of  the  tubules.  Atypical  tubular  aggregations 
of  cylindrical  cells  with  a  tendency  to  conversion  into  cuboidal 
cells  are  observed.     The  pylorus  is  the  common  seat. 

Squamous  cancer  occurs  at  the  cardiac  end,  and  generally  in 
association  with  carcinoma  of  the  lower  end  of  the  esophagus.  It 
is  rare. 

Colloid  cancer  of  the  stomach  appears  as  a  localized,  or  more 
frequently,  diffuse  infiltrating,  gelatinous  new  growth  of  the  mucosa 
and  submucosa.  Kapid  extension  through  the  w^alls  of  the  stom- 
ach and  to  the  peritoneum  is  frequent.  The  cells  and  the  stroma 
of  the  tumor  show  myxomatous  degeneration ;  and  tlie  epithelial 
elements  may  in  the  later  stages  entirely  disappear.  Extensive 
invasion  of  the  peritoneum  is  not  infrequent. 

Pathologic  Physiology  and  Results.— Carcinoma  of  the 
stomach  is  most  frequently  situated  at  or  near  the  pylorus,  and 
therefore  interferes  with  the  propulsion  of  food.  Stagnation  of 
the  stomach-c^ontents  and  fermentation  result.  The  latter  is 
favored  by  the  absence  of  hydrochloric-acid  secretion  so  habitually 
observed.  In  conse(|uence  of  the  stagnation  the  stomach  dilates 
and  may  roac^h  enormous  size,  not  rarely  filling  a  large  part  of  the 
abdominal  cavity.  Lactic-acid  fermentation  is  frequently  pro- 
nounced. Among  the  micro-organisms  present  in  the  stomach- 
contents  a  long,  thread-like  bacillus  (Oppler-Boas)  has  attracted 
much  attention,  and  has  been  sup]>osed  by  t^ome  to  oecur  only  in 
ciincer  of  the  stomach.  It  is  certainly  fre(|uent,  but  just  as  cer- 
tainly not  peculiar  to  the  disease.  Disturbances  of  metabolism, 
with  loss  of  flesh  and  strength,  are  marked* 

THE   INTESTINES. 

CONGENITAL  AND  ACQUIRED  ABNORMALITIES. 

Occa?iionally  total  absence  of  large  parts  of  the  intestinal  tract 
is  found  in  monstrosities.  Lesser  defects,  leadin<r  to  narrmcitif/  or 
distortion  of  the  intestines,  are  more  frequent.  Marked  develop- 
mental defects  most  frequently  occur  in  the  rectum,  which  may 
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be  completely  abi^ent,  or  may  be  oblitemte<l  at  the  lower  end.  In 
such  rases  there  may  be  fistulous  eoiimnmieiitioni^  with  the  111*0- 
genital  traet,  or  tliere  may  lie  a  i>erjii.steiit  I'l^uieM,  as  in  feal  life. 

Congenital  Enlargement  of  the  Intestines,— The  coIoq 
is  must  aj)t  to  l>e  aU'ected,  and  niuy  be  greatly  tiilartxttl, 

Diverticula.-^Loeahzetl  ililatations,  eonstitiiting  divertieula^ 
are  fruqoetit^  the  most  eommoii  l'(>rm  l>eing  tlie  MvckePs  flivetihu* 
lain.  This  iisnally  arises  from  t!ie  ileum ^  about  a  meter  abf>ve  the 
ileocecal  valve,  and  is  attached  to  the  intestine  f>pposite  the  mesen- 
ter\\  It  represents  the  remains  oi'  the  omphatnmesenterie  duet 
fif  fetal  life.  Oeensionally  it  has  Ijeen  lunnd  jiatulous  to  tlie  nnx- 
hi Urns,  More  eonintonly  there  is  merely  a  short  divert ieulum  i>f 
the  intestines,  varyiog  from  a  few  to  several  eentimeters  in  length, 
and  having  a  closed  extremity  which  may  be  somewliat  dilated. 
The  extremity  may  Ijc  eoimected  with  the  innbilieus  by  a  cord, 
but  is  usually  free. 

Diverticula  are  also  formed  in  later  life.  Ver)*  commonly ,  in 
eai5cs  of  eonstipaiiou^  sTuall  pouchings  nr  dihitations  occur  in  the 
lai^e  intestine,  particularly  in  the  desrrnding  colon  and  rectum. 
Another  form  ati'eets  tlie  snudi  intestine  more  coumionly  than  the 
large  boweh  In  this  there  are  found  small  pouelies  lyin^  nrar  the 
mesenteric  attarhment,  antl  owing:  their  origin  tu  localized  wrrik- 
ness  or  separation  of  the  musele-fibers  of  the  howel.  IV*trusiun 
of  the  mucosa  takes  place,  prohaijly,  as  a  ivsult  of  pressure  from 
within  ;  and  the  jK)ueli  is  tlicrefore  a  liernious  projection  of  the 
mucosa  and  serosa.     Such  iliverlirida  may  be  nudtiple  or  single. 

Congenital  Abnormalities  in  Position, — Hie  |>ositioii  rd" 
the  s*^veral  |>:irts  of  the  intotinal  tract  miiy  vary  widely  from  the 
niirnial.  Not  nin*ly  the  asrrnding  colon  and  cecum  are  situated 
on  the  left  side  ;  the  siguuud  flexure  and  descending  ci4on  lieing 
on  the  right  side.  Otlu  r  abnormalities  of  position,  of  less  pmeti- 
ca!  importance,  are  frequent. 

Enterocystoma,— A  <*ongenital  cystic  condition  found  at 
the  umbilicus  hiis  ijcen  desrrilH  d  as  cystic  dilatation  oi'  pai't>  of 
the  original  nMiplialomcsenteric  system  of  the  fetng,  and  has  been 
named  ente  r*  K*y  stc  ana. 

Dilatation. — Mfirc  or  less  uniform  enhxrgenu'nt  of  the  intes- 
tines may  result  from  long-standing  constipation.  Enormous 
dilatatirm  of  the  (*ulon  is  sometimes  seen.  In  this  the  wail  of  ttie 
intestine  undergoes  comp4Misati>ry  hypertro]»hy,  and  small  |iouch- 
ingsor  rliverticula  are  commonly  oliserved,  es|njcially  in  the  rertum. 

Narrowing,  or  stenosis,  of  the  intestine  at  any  part  may  be 
due  to  pressure  of  new  grow  tl»s  or  displaced  viscera,  to  cicatricial 
constrictions  lbllo\ving  ulcerations,  or  to  neoplasms.  Cicatri*'ial 
stenosis  is  particularly  common  in  the  rectum  following  dysenteric 
ulcer.  Xarmwing  of  the  buuen  may  h(*  due  to  an  ingrowth  of  rar* 
cinomu  or  the  prei^ence  of  papillomatous  or  polyjwjid  tumors  within. 
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The  most  treqiiL'iit  fi»rm  fif  veuiml  hernia  is  the  uinbilieal,  which 
occurs  e.speeially  in  intlints  ag  the  result  of  iiiijierfect  closure  of 


Hernia* — This  term  is  applied  tt»  iiTal|iosition  of  any  of  the 
viscera,  with  displiicement  of  the  org^an  from  the  eiivity  in  which 
it  normally  lies  ;  but  it  has  been  m'*re  pjirtieiihirly  applied  to  such 
displaeenient,'^  of  the  intestines ;  and  the  sing-le  term  hernia  is 
significant  of  intestinal  hernia. 

Oeeasionally  herniie  arc  congenital ;  more  often  they  are 
acqninxL  Hernia  occurs  at  the  points  wiicrc  the  alxiommal  wall 
or  the  peri tunci nil  is  naturally  weak  frtim  file  emergence  of  vessels 
or  the  existence  of  jxatn ra!  outlets  or  has  become  weakened  by 
injnrv  or  surgical  operation. 

Etiology; — The  predisjvnsition  to  hernia  may  consist  in  un- 
natural weakness  of  tlic  abdominal  wall,  cspeeially  at  the  points 
where  hernia  is  likely  to  occur,  resulting  from  imperfect 
closure  of  such  portions  or  from  general  ninscnlar  weakness. 
Abnormal  movability  of  the  intestines,  r^'sulting  from  natnral  or 
acquired  elongation  of  the  mesenteric  attacliments  and  increased 
weight  of  the  abdominal  contents  from  the  deposit  of  peritoneal 
fat,  contributes  largely  to  the  tbrmation  of  liernite.  The  imme- 
diate exciting  cause  in  many  cases  is  strain,  and  priJ>ably  in  all 
eases  rejK^ated  stniin  licl]js  in  the  dcvi'lopnicnt  t^f  the  protnision. 
trequent  i 
'cially  in 
the  abdominal  walls  at  the  uml>ilicus 

There  may  be  distinguished  two  gnnips  or  varieties — the  inter- 
nal and  the  external  hernije. 

Internal  Hernia, — liy  this  term  are  designated  hernious  dis- 
placements of  the  intestines  into  other  c^avities  within  the  bcMJy, 
the  most  important  being  upward  displacement  into  the  thorax 
thmugh  I'ongenital  or  acquired  clefts  of  the  rliaplinigm  {tViaplirag^ 
matte  hfrnta) ;  ant!  backward  displacement  through  the  peri- 
tonenni  intei  the  ret  roper  it<aieal  space  {rrtroprritoHfdi  hirnki). 

External  hernia  may  be  inf/uinftf,  femora^  rfntraf^  rtif/htal^ 
reetai,  ptnnat/,  iHchinfir,  t^r  tMnrfdor,  The  most  frequent  of  tliese 
are  the  inguinal  ami  the  femoral.  In  the  former  the  prr^trnsion  may 
fvcenr  thnnigh  the  external  inguinal  ring,  the  intestine  descending 
tlnTMigli  the  inguinal  canal,  somctiincs  as  far  as  the  scrotum  (//*- 
flinH  uHfiunal  hrnrhi).  In  another  group  of  ceases  the  intestine 
puslies  directly  forwanl  throngli  the  internal  inguinal  nng»  and 
may  present  anteriorly  umhT  the  skin,  or  may  *lescend  through 
tlie  lower  part  td"  the  inguinal  canal  to  the  scrotum  (ffirevl  inguinal 
hernia).  The  indirect  inguinal  hernite  are  sometimes  congenital, 
and  an.*  due  to  the  failure  of  closure  of  tlu*  peritoneal  reflection 
wliich  passes  downwanl  thnjiigb   tlie  inguinal  canal. 

Femonil  hernia^  are  cspeeially  connnon  in  women,  and  are 
forme*l  Ijy  the  protrusion  of  the  intestine  through  the  femoral 
ring,  the  hernia  prcsc^nting  on  the  inner  side  of  the  thigh,  at  the 
position  of  the  saphenous  opening. 

Pathologic  Aiiatomy.— The  hernia  oonsista  of  a  sac  or  wall 
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antl  of  the  contents  of  tlie  hernia.  The  t^ae  is  usimlly  oonstricted 
at  its  junetion  witli  the  geneni!  iierit<»iieal  eavity  (neck),  and  flis- 
tendeil  ami  dilated  outside  of  nr  below  this  point  (fundns  or  body 
of  sae).  The  sae  of  tlie  hernia  is  always  lined  with  thi^  j>rotriuled 
portion  of  tlie  jieritoiieunL  Tlie  eon  tents  uf  tbt*  Iiuriiia  may  he 
eoils  of  intestine  or  portions  of  oineutnm,  (»r  both.  Most  fre- 
qnently  some  {wirt  of  the  small  inte8tine  oeenpies  the  hernia j  and 
sometimes  simply  a  Meekefs  diverticulnm  has  been  discovered. 
In  mrc  eases  the  sigmoid  flexure  or  other  parts  *^f  the  ^reat  l>owel 
may  be  I'ound. 

t>eeondary  ehanges  often  eusiie,  Inflammatiou  *if  the  lining 
meudiraue  of  the  sac  anrl  <)(' the  intestinal  tuils  may  lead  to  fibrous 
adhesions  eonstrieting  the  neck  4if  the  sae  and  binding  the  intes- 
tines firmly  in  plaee.  If  the  contents  of  the  hernia  have  receded, 
such  inflammation  may  obliterate  the  sac  completely  or  merely  at 
it*?  neck,  the  body  «)f  tfie  siie  in  the  latter  case  becominij;^  ilistended 
with  serons  lifjuid.  In  easfs  in  which  portions  oi'  ftmentnm  are 
included  in  the  hernia  hypertrophic  overgrowtli  oCthi-  adi|>osi*  tis- 
sue may  wcur,  ami  may  lead  to  appeamnces  not  unlike  tliose  of  a 
lipoma. 

Herniie  are  described  as  being  reduvlble  and  irrtdueible,  accord- 
ing to  the  ability  of  replacing  the  contents  into  the  peritoneal 
cavity  or  not.  Heniia?  become  irrcdncildc  when  the  coils  of 
intestine  are  distended  by  the  ai-cnnudation  of  fecal  matter,  when 
fibrous  aflhesions  have  narrowrd  the  neck  of  the  sac  or  bound  the 
coils  firndy  in  place,  or  when  adilitional  coils  of  intestine  or  por- 
tions of  the  tunentum  have  dest'cnded  into  the  hernia. 

Strangulated  Hemia.^ — This  term  isa[t]Tlied  to  heridie  in  which 
j)ressure  at  the  neck  hy  inflamnratiiry  exudation  or  constriction,  or 
invete^rate  obstrnction  1)V  acrnmulating  cimtt  nts  of  tlie  bowel,  has 
led  to  obstruction  of  the  circulation  in  the  intestinal  coils  of  the 
hernia.  Intense  passive  congestion,  inflammation  of  the  peritoneal 
covering  of  the  intestines  within  the  liernia,  and,  finally,  gstngre- 
nous  neero,^is  are  the  fVinjUent  results. 


INTESTtNAL  OBSt RUCTION  • 

Complete  obstrnction  of  the  intestines,  or  ileus,  may  he  due  to 
internal  strangnlation  by  bands  of  adhesions,  to  a  twist  or  volvnhis, 
or  to  intussusception  or  i  n  vagi  nation » 

Internal  strangulation  may  be  due  to  the  obstruction  of  a 
coil  of  intestine  by  fibrous  perit^tueal  atlhcsions,  or  by  a  coil  sHj)- 
ping  through  afjuormal  <iiienings  or  iierfi (rations  in  the  mesi-ntery 
or  omentum.  Tlu^  p(^rsisteuce  of  the  cfird  passing  from  the  end 
of  a  MeckeFs  diverticulnm  to  the  umbilicus  is  an  unusual  cause. 

The  results  of  internal  stnuignlation  are  generally  serious. 
Grtmt  ililatation  occurs  above  the  point  of  obstruction,  the  intes- 
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tine  below  becoming  collupsed*  ftre;it  coiigesticm  and  subse- 
quently peritonitis  *x:cur  at  the  jMiint  of  stricturt%  an<l  ueerosis 
witli  |i€ribratioii  may  en.siie. 

Volvulus  ia  the  term  applied  to  a  twist  of  some  part  of  the 
intestinal  eanal.  Oeear^innally  there  is  simple  n»tation  of  tlie 
bowel  alKJiit  its  own  axi??,  but  more  com  in  only  a  loop  of  intestine 
twiiits  about  its  mesenterie  attaehmeut.  Abnormal  laxity  of  the 
mesentery  m  an  important  predisposing  eanse,  and  may  be  a  eon- 
genitiil  eonditiim,  or  may  result  from  the  abst>rption  of  fatty 
deposit  between  the  meseuterie  layers.  The  immediate  eause  is 
generally  strain  or  abdominal  compression. 

The  most  frequent  seat  of  volvulus  is  the  sigmoid  flexure, 
Tlie  bowel  above  the  point  of  obstriu-tiou  beeoiues  distencled,  as  in 
internal  strangulation,  while  the  eoil  iurbulerl  in  the  twist  itself  is 
engorged  with  l>hKHl  and  frequently  presents  liemorrhagie  iui'are- 
tions  in  eonsequenee  of  the  t^bstruetion  of  the  vessels  in  the  mesen- 
tery, fraagrene  of  the  bowel  may  result.  Complete  knt>ts  ai'e 
oeeasionally  observed  in  volvulus. 

Intussusception,  or  invagination,  is  a  eruiditiou  in  which 
one  jxul  of  intestine  slips  into  an  adjoining  part,  as  one  may  in- 
vert the  linger  of  a  glove  fFig.  23(>).  'The 
npprr  part  uf  the  intestine  is  usually  iudn]>li- 
eated  and  pusbe<I  into  tile  lower  jjart.  Ir- 
regular peristalsis,  resulting  from  intestinal 
disorilers,  and  |)artieularly  from  atony  of  one 
]iart  with  iucn-ased  aetivity  of  aiijoiuing 
parts,  is  the  most  fretjuent  eause.  Oeea- 
sioually  juilypoid  tnmurs  within  tlie  l>owel 
are  tlragged  ibrward  by  the  peristalsis,  and 
earry  the  higlier  part  of  the  inti-stine  to 
wbieh  they  are  attiU-^hed  into  the  lowi*r  paii, 
lutossuseeption  is  more  eorumon  in  ehihiren 
than  in  adults,  aufi  afleets  the  ilent-eeal  ngion 
most  riimuuiuly.  Not  infrefptently  multiple 
iuvaginatious  are  iound  in  the  small  intes- 
tine of  ehildren  ;  the^se  probahly  oeeur  flaring 
the  death-agony  or  post-mortem. 

The  ap|»earan(*e  of  iutussusec^ption  is  sim* 
jily  that  id'  one  part  of  iutestiuL^  juisbed  into 
the  afljoiuiiig  i>art,  with  seemidary  iidlani- 
matory  and  eotjgestive  ebanges.  ^Ifjst  fre- 
qUi-ntly  invagination  l>egius  at  the  ileoeecal 
regimi,  the  valve  and  ileum  being  carried 
forwanl  into  the  as'jeudi ug  eolon,  Yerj'' 
ileimi  itself  iuvagiuates  through  the  valve.  The 
attarhnieut  nf  the  mesi/utery  leads  to  a  sharp  angulation  of  the 
area  of  invagination,  and  the  i^xteut  to  wliieh  the  pitptrusion  may 
occur  w^ill  depend  upon  the  length  of  the  mesentery-     Oeeasionally 
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the  ilemx^cfil  valve  niay  be  carrit'il  tlimugh  tht;  enlnn  and  rectum 
and  present  externally.  The  uiljoinhig  serous  surfaces  of  the  In- 
va^inatiou  tend  to  unite  by  peritonitis,  and  the  intiissnseepted 
portion  miiy  heeotiie  j^angrenous  and  be  di.seluir^(HL  If  peritonitis 
has  establishru]  union  between  the  enslienthed  and  the  enslieathtng 
seetion  of  the  gut,  recovery  mux  ensue.  Otherwise  the  perfomtion 
leads  to  fatiil  iK-ritonitis, 

PROLAPSE  OF  THE  RECTUM. 

Prolapse!  of  the  rectum  in  cnnse<_jueuee  of  weakness  of  the 
gphinetor  and  other  parts  of  the  wall,  together  with  repeated 
strainingj  is  a  eonunon  condition  in  infants,  and  is  oeeasioually 
met  with  in  adidts.  In  children  any  fonn  of  diarrhea  may  be 
complicated  hy  prolapse  ;  in  adults  ehronie  proctitis  is  the  most 
frecpient  eausc.  The  wciikened  eondilion  of  the  s|)hincter  in 
proctitis  furnishes  the  predispitsition,  and  tlje  eharactfTistH*  ti^nes- 
mns  of  the  disi'ase  is  the  immediate  cause.  Prohipse  may  Uy  only 
an  occasional  condition,  or  may  be  constant.  Secondary  intlani- 
mation,  ulceration,  and  even  necrosis  of  the  prolapsed  jxirtion 
may  tK-eur, 

ATROPHY   AND   DEGENERATIONS. 

Atropliy  of  the  mucosa  is  fn^cjuently  met  with  as  a  part  of 
chronic  enteritis  in  its  later  stages.  This  is  especially  marked  in 
yountr  children  snflerin|r  from  chDinic  intestinal  catiirrh  and 
marasmus.  Occasionally  atrophy  of  the  mucosa  or  of  all  of  tlie 
coats  of  the  intestines  may  occur  as  an  independent  aifection,  as 
the  result  of  nummtie  or  caeheetie  e*>nditions. 

PigmetitatioJi. — Pigmentati**n  may  he  due  to  hemorrhagcB 
in  the  mucosa  or  submueosa,  and  not  infrefpu'ntly  after  intense 
hemorrhagic  inflannnatitui  tlie  bowel  may  be  rpiitc  black  from  the 
deposit  of  hematogencais  pigment,  Brt^wnish  pigment  deposited 
in  the  musclcK'ells,  analogous  to  that  of  ln"(»\vu  atrophy  of  the 
heart,  is  occasional ly  observed  in  old  and  eaclu-ctic  imlividuals. 
Similar  pigmentation  of  tlie  uniscle-cells  and  also  of  t!ie  subnnieosa 
or  mucosa,  of  c\'en  more  decided  (character,  *M'curs  in  yootldul 
persons  addictfM.1  to  alcohob  The  intestines  alone  may  l>e  thus 
affected,  or  the  liver,  spleen,  lymphatic  glantls,  and  skin  are  sim- 
ultaneously involved.  The  term  hemot'liromatoma  {q.  i\)  lias  Iieen 
proposed  for  this  condition. 

Amyloid  degeneration  is  met  with  in  association  with  amy- 
loid disease  c»f  the  liver,  kidneys,  or  spleen,  and  particularly  in 
cases  in  which  there  is  tuberculous  ulceration  of  tlic  intestines. 
The  mucous  membrane  is  principally  involved,  and  becomes  some- 
what hartjened  and  presents  a  jie^mliar  grayisli  luster.  Superficial 
erosi(*ns  and  even  eonsidt^rafde  ulcers  may  result.  The  process 
begins,  as  elsewhere*,  in  and  ariunid  the  small  blotMl-vessels. 
37 
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CIRCULATORY   DISTURBANCES. 

Active  hyperemia  may  iK'cor  iVtJiii  acute  irritation,  antl 
forms  a  part  of  inHaiiiniatum. 

Passive  hyperemia  results  from  eanses  similar  to  those 
produeiii^  ctJii^estion  of  the  stoiimeli.  Ajuoii^  tliese,  obstriieti%'e 
diseases  of  the  liver,  notably  eirrhosis,  ami  eanJiae  and  pulinouaiy 
affeetions  are  most  prominent.  The  intestinal  mneosa  beeomes 
somewhat  swollen,  ofttimes  edeniatonsj  dark  bhiish*rtMl  in  color, 
and  oeeasionally  marked  by  punctate  heniorr bathes.  The  mesen- 
terie  veins  are  widely  dilated.  Oeeasionally  lieinorrhaj^ie  liquid 
is  found  within  the  intestinegj  the  points  of  hemorrhage  remaining 
undiseovired. 

Hemorrhage. — Peteeliiie  are  found  in  many  eases  of  violent 
septie  or  infeetious  diseases,  in  intense  anendns,  and  as  the  result 
of  marked  {Missive  liyperemia.  Embolism  in  cases  of  uleerative 
or  malignant  enrloearditis  may  lend  to  petechial  heniorrba^'s,  and 
the  same  are  observeil  as  a  part  of  the  m(irliiJ  anatomy  \if  intes- 
tinal anthrax.  Large  intestinal  hemorrfiages  may  oeeur  fi*om 
typhoid,  tuberculous,  dysenteric,  or  syphilitic  nleenitions,  or  from 
the  perforation  of  a  large  arterial  branch  l>y  a  peptic  idc^er  in  the 
duodenum.  Hemorrhoids  nuiy  occasion  consi<lerable  lieniorrhages 
from  tlie  reetuni, 

Hdema  tjf  the  mucosa  may  result  from  passive  congestion,  and 
attends  acute  or  cln-unie  inflamnuitjons,  cspeeially  tlie  more  intense 
forms. 

Embolism  and  thrombosis  of  the  mescniteric  arteries  are 
ran*  conditions.     Embolism  may  lead   to  hemorrhagic  infarction* 

Hemorrhoids  rc^sidt  fmm  varit*c)sc  cnltirgement  of  the  veins 
of  the  rectum.  They  are  usually  found  in  tlie  lower  part  of  the 
reetnm,  inside  or  outside  the  s|>hiiieter,  and  a  distinc*tion  is  made 
between  inter ual  and  external   hemorrhoids. 

Etiology. — 'Obstruction  of  the  venous  ein^ulati<m  is  the  imjKjrt- 
ant  ctiologic  factor.  It  may  be  due  to  chmnie  diseases  of  the  liver 
(cirrhosis),  repeatei!  pregnancies,  pelvic  tumors^  or  chronic  eonsti- 
pation  with  frequent  retention  of  feces  in  tiie  reetum.  The  last- 
named  condition  acts  in  a  twofold  tnanuer.  On  the  cue  hand,  it 
cansc^s  vcnons  obstruction,  and,  on  the  other  han<l»  elironit*  proctitis, 
which  in  turn  oi.'easions  disease  of  the  veins  id'  the  rei*tum,  and  thus 
pre<Iisposes  tlicm  to  dilatation.  In  all  eases  of  hemorrhf>i*ls,  eon- 
sti|mtion  nnd  the  resulting  proctitis  are  imprirtant  as  auxiliary 
eanses,      Heinorrboids  arc  rarely  met  witli  lielbre  adult  age. 

Pathologic  Anatomy. — ^Tlje  bemorrhoi^l  prcsi'nts  itself  as  a  small 
polypoid  elevation  of  more  or  less  eongeste*!  appearance.  On 
section  it  is  found  to  be  highly  vascular,  and  to  consist  of  dilated 
veins.  There  may  be  a  congeries  of  slightly  enlarged  veins  or 
cavities  of  consiilerable  size.  Ii<'twe(n3  the  veins  there  is  more  or 
less  abundant  inflammatory  connective  tissue.     Thrombosis  often 
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occurs  within  the  cavities ;  and  nccaftionally  the  fibroiis  ti^ue 
around  them  iindcr^ofs  active  pmlifi'ratiHn,  wlicn  a  structure 
reseiublin^^  hhrfKani^iduuitii  rt\siilts.  IleuKtrrliiitj^ic  cxtmvasatioiis 
may  cktut  iVoiu  th<.^  vf^ins,  and  frei^  hc^iuorrha^r  from  the  srirlurc 
is  a  eorninou  j^yniptam,  Intk'tiv'L*  inHannnatian  and  plilelntis  uf 
the  veins  sometimes  (K^cur,  In  tliese  cases  the  heruorrhoid  en- 
Inr^s  and  becomes  infianictl  and  edematous,  Infianunatinn  of 
tlie  adJ4)ining  tissues   nuiy  wxnir  (pruetitis,  juTipruetitis). 

Hemorrhoids  may  cause  marked  anemia  by  tlie  rc|jeat(Hj  hem- 
orrhages, and  sometimes  rK'easit»ii  septic  in  feet  ions  when  they  have 
theraBelves  become  infected  and  inHamed. 


INFLAMMATIONS. 

* 

Inflammatioti  of  the  ititestines>  '»r  enteritis,  may  affect 
any  part  of  the  intestinal  eanab  an<l  involve  the  mucosa  and  sul>- 
miiensa  more  particularly.  It  is  more  ireijiiently  present  in  eliil- 
dren  and  in  the  aged  tlian  at  other  periods  of  life. 

Etiology. — The  causes  of  enteritis  are  similar  to  those  of  gas- 
tritis, and  among  ttiem  may  be  reckoned  all  forms  of  irritating 
foods  or  fortign  matter  taken  with  tlie  ftJ^Kl.  Poisons  of  various 
kinds  operate  in  a  similar  manner.  In  many  cases  the  irritant 
poisons  which  occasion  enteritis  are  developed  witliin  the  bfuly  in 
consequence  of  improper  digest iou  and  fermentatiim.  Bactrriu 
play  an  important  rrl/e  rn  this  process,  and  sometimes  are  them- 
selves the  direct  cause  of  enteritis  in  instances  in  w  hieh  impro- 
prieties of  diet  or  digestive  disturbances  have  lurnished  favorable 
conditions  for  tlieir  growth  ami  midti]>lieation.  The  normal  fr*lon- 
baeilbis  is  perhaps  tlie  most  iVequeiit  and  imiMirtant  mieroHtrgsHi- 
ism  of  oixlinary  lum-specitic  enteritis^  but  «itner  organisms  fh)nt>t- 
lc8s  frequently  {>lay  a  part.  The  coloii-baeilbjs  probably  increases 
in  viruknice  under  certain  eon<litions  and  then  occasions  irritation. 

Patliologic  Anatomy* — Tht^re  are  a  mind^er  of  varieties  r»f  ente- 
ritis, and  diffV^rent  types  may  lie  deseribe<b  though  initividtuil  cases 
rarely  conform  to  a  single  variety.  Of  the  acute  fnrms  of  enteritis, 
the  important  are  the  catarrhal,  suppurative,  ami  the  pseudomem- 
brajious. 

Catarrhal  enteritiB  may  afleet  any  |>art  of  the  intestinal  tract. 
The  mucosa  is  swollen  an*!  usually  light-red  in  color ;  the  arteries 
are  visil)ly  <listen(b'd,  and  not  rarely  there  are  |M'te(*hial  hemor- 
rhages. The  surface  is  (*overed  with  nnicons  exudate  etmtaining 
<lesquamatcd  and  degenerated  epithelial  cells  and  emigrated  leuko- 
cytes ;  while  the  intestinal  eontents  an^  rendered  liquitl  by  serous 
exuflation.  The  solitary  follicles  or  agminated  eol lections  of 
lymphoid  tissue  may  be  particularly  swollen  and  cause  pmjections 
above  tlie  surrounding  nuKosa.  The  term  fofltcular  enterlfls  is 
applied  to  such  eases.  In  other  instances  the  desquamation  of  epi- 
thelium in  more  prominenL  than  the  mucous  exudation,  and  con- 
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siderable  shreds  of  mucosa  may  be  loosened  and  discharged.     The 
term  croupous  enteritis  is  suggested  by  such  conditions. 

Suppurative  enteritis  (litFers  from  tlie  catarrhal  form  in  the 
greater  degree  of  emigration  of  leukocytes.  The  exudate  upon 
the  surface  may  be  largely  composed  of  white  corpuscles,  and  in 
intense  cases  the  surface  may  be  covered  with  almost  pure  pus. 
Round-cell  infiltration  of  the  mucosa  and  the  submucosa  is 
present,  and  focal  collections  leading  to  submucoim  abscesses  or 
to  ulcers  upon  the  mucous  surface  are  occasionally  seen.  The 
solitary  follicles  are  enlarged  and  tend  to  break  down,  forming 
foUieular  ukers. 

TJIceration  of  the  intestines  occurs  in  a  variety  of  conditions.  Pejotic 
ulcers,  similar  to  those  met  with  in  the  stomach,  are  occasionally  found  in 
the  duodenum.  They  have  the  same  characters  and  tendencies  as  those  of 
the  stomach ;  they  may  occasion  sudden  death  from  hemorrhage.  Ulcers 
in  the  duodenum  are  also  an  occasional  result  of  extensive  burns  of  the 
skin ;  and  recently  attention  has  been  called  to  the  frequency  of  duodenal 
ulceration  in  cases  of  chronic  Bright's  disease.  Ulcerations  of  the  ileum 
are  habitual  in  typhoid  fever  and  tuberculous  entcriti:>,  and  are  occasion- 
ally due  to  anthrax  or  actinomycosis.  Ulcers  may  be  found  in  all  forms  of 
enteritis  of  childhood,  especially  in  intense  forms  and  in  cases  complicating 
the  exanthemata.  Sarcomata  and  carcinomata  are  rare  causes.  Ulcera- 
tions of  the  large  bowel  are  met  with  in  chronic  enteritis  and  dysentery.  A 
form  of  peculiar  clinical  interest  is  anal  fissure.  This  is  a  linear  ulceration 
of  the  rectum  in  the  region  of  the  sphincter.  It  may  be  associated  with 
hemorrhoids  or  may  be  independent. 

Pseudomembranous  enteritis  is  characterized  by  the  forma- 
tion of  a  grayish  membrane  upon  the  surface  of  the  intestine. 
The  large  intestine  is  more  frequently  involved,  and  the  process 
is  especially  met  with  in  dysentery  (see  p.  686).  True  diphtheria 
of  the  bowel  with  pseudomembranous  deposit  may  sometimes  occur. 

Chronic  enteritis  results  from  acute  attacks  or  from  repeated 
irritation.  Chronic  congestion  in  consequence  of  hepatic;  or  car- 
diac affections  is  a  predisjx)sing  cause  of  importance. 

In  the  early  stages  the  mucous  membrane  is  usually  more  or 
less  swollen,  and  sometimes  proliferative  changes  in  the  glandular 
elements  may  lead  to  distinct  polypoid  elevations.  These  are 
especially  pronounced  in  cases  in  wliich  the  healing  of  ulcn^rs  of 
acute  enteritis  has  fj<'/*asioned  cicatricial  constrictions  and  thus 
elevated  adjoining  parts  of  the  mucosa.  The  elevated  i)ortions 
may  undergo  proliferative  inflammation,  and  polypoid  formations 
result.  In  the  later  stages  of  chronic^  enteritis  atrophy  may  ensue, 
in  part  as  the  result  of  the  overgrowtli  of  the  stroma  of  the  mucosa 
and  the  degeneration  of  the  glandular  elements,  in  part  also  jis  the 
result  of  the  overdistention  or  tympany  resulting  from  lernientation 
of  the  intestinal  contents.  This  atrophy  may  aflcct  the  nuicous 
membrane  alone,  but  more  commonly  also  involves  the  muscularis. 
iry|)erplastic  processes  in  the  lymphoid  elements  may  he  a  promi- 
nent feature  in  the  hypertrophic  stiige  of  chronic  enteritis,  and  may 
give  place  to  atrophy  in  the  later  stages.     On  the  other  hand,  the 
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eillaigeiiient  of  the  i*olitary  follicles  aiul  Finer's  psitelius  iiiay  [*er- 
8i9t  for  a  long  time  after  atropliy  lias  leil  to  great  thiiiiiiniJi:  of  the 
remaining  portions  of  the  nincosa. 

Fatbolofic  Physiology.— Enteritis  may  tK^easi*>n  prtif(>utid  dis- 
tiirbsinces  in  a  variety  of  ways.  In  <^ases  oi  infeetive  eharaeter 
genenil  sy^^tt'inic  intoxieatitxi  may  result  from  the  absorption  of 
hactenal  pnMJoet,s  or  substances  resiihiiig  fi\mi  tlewmiposition 
of  the  intestinal  contents.  In  other  cases  the  intensity  of  the 
Iwal  irritation  may,  through  the  nervous  system,  occasion  greiit 
depression  or  shoek  ;  and  subsequently  the  exudiUions  into  the 
intestines  may  eause  depletion  of  tlie  vascular  systeio  and  failure^ 
of  the  einndation.  The  local  effeets  and  the  resulting  behavior  of 
the  bowels  differ  in  different  eases,  Sonuttimes  the  peristaltic 
movements  are  arrested  by  the  intensity  of  irritatitm  and  obstinate 
constijMittou  results ;  more  frequently  hurried  peristalsis  and  the 
abnormal  exuilation  (serous  or  nun-ous)  oeeasitm  diurriiea.  The 
digestive  prwesses  fail  from  the  diseased  eoialition  of  tiie  bowel, 
as  well  as  frtim  the  rapid  peristalsis  ami  jiremature  discharge  of 
the  intestinal  contents ;  more  or  less  profound  disturbance  oi' 
health  result.s. 

INFLAMMATIONS  OF  SPECIAL  PARTS. 

Duodenitis, — -Duodeintis  occurs  in  association  with  gastritis 
fn>m  irri tilting  tcxwl  and  the  like.  The  a|»pt*arances  are  the  same 
Bfi  in  gastritis.  Duodenitis  is  prone  to  occasion  obstruetion  of  the 
terminal  portion  of  the  common  bile-du(*t  by  tlie  intlanmuitory 
thickening  of  the  nnicosa  and  the  accumulation  of  mueus  in  the 
month  of  the  duct ;  and  in  this  way  gives  rise  to  obstructive 
janndifY'  (ralurrhfd  janufUce). 

Inflammation  of  the  ileum  j»n*sents  no  special  charac- 
tensties,  excepting  tluit  enhirgcment  of  the  follicles  {fitHicftkir 
enteritw)  is  fre(|uentty  conspicuous.  Fnllicular  ih^^itis  is  pai'tien- 
larly  common  in  cliildn^n  snffenng  iVom  irrfeetious  fevers,  sncli  as 
diphtheria  and  scarlatina.  Peyers  |iatt^hes  may  he  eonsideral>ly 
eutargcil  and  even  ulcerated.  The  ulcers  ;»re  generally  small,  and 
several  nuiy  occur  in  a  single  IVyer's  patcli  instead  (d' single  ulcers, 
such  as  occur  in  ty])hoid  or  tuberculous  enteritis* 

Typhlitis  or  cecitis  (inHanunation  frf  the  cecum)  may  Im 
due  to  the  irritation  of  the  intestiual  contents  in  consequence  of 
constipation  (^ifncfitrfl  fifjMfth),  This  aflectinn  is  prol>al)ly  ver\^ 
frequent,  thmitrh  it  leads  U\  no  severe  conse(|ueuees  and  ot^cnsions 
no  urgent  symptoms.  Typhlitis  is  prol»ably  genendly  of  the 
simple  catarrhal  variety,  but  in  ol>stinate  constipation  or  obstruc- 
tion of  the  colon  ulceration  ouiy  0(*cur.  Perforation  or  extension 
to  the  surrounding  tissues  ( perififphiiflfi)  is  the  rarest  of  all  conse- 
quences. Usually  the  latter  is  secondary  to  ioflamnuitions  of  the 
appendix  vermiform  is. 

Appendicitis  may  be  a  primary  condition,  or  it  may  result 
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fronr  primary  typhlitis  or  ecoitis.  The  inflaiumation  of  the 
niuooha  uf  tlie  <*o<_'iiru  may  extcuid  directly  to  that  of  the  appendix; 
or  may  cause  obstruetion  of  the  mouth  of  the  appendix  in  the 
same  manner  us  tUiodenitis  causes  ohstriicfrion  of  the  common  bile- 
duct»  Tlicre  results  a  retention  of  tlie  c*>ntentd  of  tiie  appendix 
m\i\  mtdtipheation  with  incrcasi'd  virulence  of  the  contained 
bacteria  (Bacilhis  coli  c<Kumanis,  staphylococcus,  HtrejitiK'occus, 
and  others).  The  mucosa  of  the  appendix,  n-ndered  h?ss  resistant 
in  consequence  of  the  ovenlistention  iind  assm^iated  congestion, 
may  he  penetrated  by  the  micro-organisms  anti  appendicitis 
results.  In  many  ca.ses  ieeal  coneretions  are  foun<l  within  the 
appendix,  and  less  commonly  foreign  liudics  of  varifius  sorts  have 
been  found.  These  liave  been  assnmr<l  to  l)e  the  direct  cause  of 
the  disease,  and  ilonhtless  may  play  a  part  by  irritating  the  mucosa, 
or  injuring  it  in  such  manner  that  micro-organisms  easily  pene- 
trate it.  On  the  other  hand,  there  is  much  n^ason  to  heheve  that 
the  fecal  concretions  arc  otUn  fc>rme<l  in  cnnsequence  of  the 
accumulation  of  mucous  iwiyl  desquamatetl  epithelial  cells  and  the 
stiiguatjon  of  the  contents  of  tht^  appendix,  after  the  disease  has 
began.  Typhoid  and  tuberculous  ulcers  and  actinomycosis  have 
been  found  in  the  api>cndix.  These  lesions  may  occasion  sec* 
ondary  appendicitis  of  an  ordinary  sort,  or  they  may  in  them- 
selves cause  the  sym|>tonis  of  appendicitis.  Ohstniction  of  tlie 
arterial  supjily  \ii^  Xhv  appendix  was  formerly  regarded  as  an  im* 
p^irtant  element  In  the  ♦■tiology,  but  jintijably  is  uidy  of  secondary 
importance.  Appendicitis  is  less  frequent  in  women  than  in  men. 
This  has  been  ascril>ed  to  the  existence  of  a  more  adequate  blood- 
supply  (the  supplemented  |>art  derived  from  the  ovary)  in  women. 

Pathologic  Anatomy. — The  pathoh)gie  anatomy  of  appendi- 
citis varies  in  different  cases,  antl  we  may,  tor  cunveiiicnee,  dis- 
tinguish a  eaianhttl^  a  ntrrotir  or  fiauf/renom,  and  an  ifttrrditial 
form. 

In  the  mildest  or  eatarrlial  form  there  is  merely  rc^tention  of 
the  contents  of  the  ap[>endix  and  slight  disease  (swelling  and 
erosion)  of  the  mucosa.  The  muscularis  and  serous  coat  may  be 
congested  and  edematous,  but  are  not  extensively  involvtnL  The 
c<mteuts  of  the  appentlix  arc  more  or  less  mucopurulent  in  char- 
acter. 

In  the  necrotic  or  gangrenous  form  the  mucous  memV)rane  suf- 
fers rapid  destruction  and  the  muscular  and  serous  coats  arc  quickly 
invaded.  Fibrinous  peritonitis  stwu  <levelops  in  the  serous  coat 
and  over  the  adjacent  iutcstim-s,  either  as  a  residt  of  penetration 
of  bacteria  fhrnngh  tlie  walls  of  th*'  ajiiM  udix,  or  in  consequence 
of  |x*rfbratiiin  of  the  walls*  The  local  peritonitis  serves  the  pur- 
pose of  restraining  the  infective  disease  and  prevents  diffuse  peri- 
tonitis. In  cAScs  of  rapiil  gangrene,  with  early  rupture  or  escape 
of  abundant  bacteria,  getieral  peritonitis  may  result  before  a  re- 
st mining  wall  can  be  fonncd. 
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The  term  itit€ri*titjal  iippi'inlit^itis  may  ha  ii??ed  to  di^sigiiate 
i'itscti  in  which  all  of  the  ecmts  of  tht^  appendix  are  iiivolvetl  and 
in  which  tliere  is  a  speeial  tendeney  to  j>roductive  changes  in  the 
connective  tissnes.  In  reality  all  east's  of  appendteitia  .show  more 
or  less  interstitial  change  of 
this  ehanieter  (Fig.  237);  hut 
in  rtooie  it  is  the  conspieiionH 
feature.  These  (*ii3es  fre- 
quently terminate  in  chrfjnic 
thif^kening  *if  the  apjwndix. 

RestdtB. — MHd  e^isea  of  ca- 
tarrhal a|>peudieitis  may  sul>- 
side  after  free  piirgatinn,  with 
relief  of  the  obstriietion  at  the 
mouth  of  tfie  appendix.  In 
more  serious  iuHammatious 
an<l  in  cases  in  wliieh  the 
obstnietion  remaini^^  the  dis- 
ease spreails  tlirough  tlie  walls 
of  the  appendix  to  the  jierito- 
iieum  and  iK^easions  local  peri- 
tonitis ;  or  rui>ture  of  tlie  ap- 
pendix occnrs,  and  more  in- 
tense hieal  or  genend  perito- 
nitis f<dlows  (Fig,  238).  In 
either  ease  <il»rinous  dcfxvsits 
are  formed  upim  the  perito- 
neum, and  not  rarely  a  kieal- 
ized  abscess  [jierUtfph/ith  ah- 
jicem)  results.  The  appemlix 
itvself  may  he  sepamtetl  i'nmi 
the  cecum  J  and  may  lie  free  in 
the  abscess,  or  it  may  be  firmly 
embedded  in  the  Hlirinous  wall 
of  the  abscess.  The  latter  may 
subsequently  uiitlerget  inspissa- 
tion,  but  more  e<jmmonly  rup- 
tures into  the  general  perito- 
neal cavity,  into  some  |)art  of 
the  intestines,  into  the  ureter, 
bladder,  or  externally*  In 
cases  with  favoralile  outcome  the  appendix  h  usually  bound  down 
by  adhesions,  attaehiiig  itself  to  neighboring  eoils  of  intestine  or 
to  other  struetiires.  Tlie  appendix  in  such  cases  is  usually  dis- 
torted antl  greatly  thickened,  and  npeateil  attacks  of  inflammation 
[rriapsinff  or  I'ecnrnnf/  ajipeudicith)  are  not  unusual. 

There  is  generally  more  or  less  systemic  intoxication  and  infec- 
tion, and  degenerative  changes  and  metastatic  abscesses   may  be 


Fifi,  2it7.— Acutt?  appiMulirlUs,  with  roiiiui- 
c.rll  fcifiltnitfimaiii]  hy|»crt»liii«l«i  of  eoiinectlve 
tiwHiie  ill  hU  of  the  rutttH.  In  lar>rti  part  the 
TiiiJiul  polls  of  Uie  mucnsa  und  KobmurrisJi  be- 
Inuii  to  the  nornml  lyiiiphojirl  ti&HtK*  of  theBi} 
p<irt-*i. 
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foiiiul  ill  ilistant  or^mn.     Not  nin'ly  pylephlebitis  and  metastMic 
iibrtfrrj*i"»  iif  the  liver  arc  eueotitit-ered, 

ColitiSj  iiHule  fnuii  tlu^  siKM'iftt^  lurm,  dy.sentery,  is  raost  fre- 
qut'iitly  ilue  t*)  irritatiim  hy  fenil  at'uiitouiations,  and  the  sig- 
moid ilex  11  re*  U  the  *:oinmoii  seat.  The  entire  eolon  may,  how- 
ever, be   involved,     Thiekeniug  of  the   nineous   membrane   and 


tv^if^m  fhMQ  mnrr  iWjMtw  of  AppeiidiciUs  (mudlfieil  fKim  Btjllia^vr*. 

abiimlant  exudation  of  iniictis  are  the  pmniinent  features  of  the 
eftrller  stagi-s  ;  whih*  in  the  later  stages  atrophy  and  thinning  are 
ohtaerviHl.  H«H»mtioivs  are  not  untH>mm*»u,  When  the  muooos 
exiicbtioii  and  the  desi^uatiiatetl  eel  Is  zuvumulate  up«>n  the  sarfaee 
the  appeamnce  of  a  |is<^udonienibmne  is  sinmlated,  antl  ea^ts  of  the 
bowel  or  masses  of  mueii^  niay  t>e  di^harged  from  time  to  time 
(iiiiNx>tf9  rMitt\ 

Proctitis,  or  inflammation  of  the  rectnm,  may  W  due  to 
dinx*t  irritation  hy  n^tentioii  of  ft^-^d  iruutir,  by  jKira^ites,  or  hy 
toxie  agi'{)t8 ;  or  it  may  oeeur  i-^^-^nKhmly  after  various  other 
digcaaca  of  the  rectum^  smek  as  tnmoirs^  hemorrhoid^  and  the 
Kke^  The  inflamination  tends  to  become  ehfonic*  The  rrefnm 
h  getieraily  involved  with  the  colon  iti  cases  of  mococis  colitis 

The  mucous  memhiaiie  is  eoossdetablr  swoUeo,  oAen  fdcua* 
toiK»  and  tMially  piesMts  petechial  beiiiorrhai^es.  Dfeeiatmi 
may  ocrur  ^eornKWilr,  and  ejrten^ioci  K^f  the  iilcf*raUi\-e  process  to 
the  s4irr%iuiiduie  tig^>e^  (peripfoetittst  is  not  titias^ciL  la  the 
bttrr  caase^  fetdooa  ecannuaicatMin  may  he  established  between  a 
petmcial  ahsocsa  and  the  tectitm  (taeoa^iMe  /ktmla)^  or  a  fistalaiB 
c^ommunkaliQa  aiav  form  iM^tween  the  Return  attd  the  exterior 
(oaayliirjtrfUli  ia  aM>    gumitimeu  prootitis  is  aooomkir  u»  peii- 
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pnjrtitis  'XJCurring  In  clis€»ascH  &iich  as  typlioid  fever,  pyemia,  and 

tlio  ltki.\ 

INFECTIOUS  DISEASES. 

Dysentery  is  a  speeific^  ciitlemic  or  epidemic  inflammation 
of  the  large  inUs^tino.  The  term  prokibly  includes  a  variety  of 
atfoetioiiH  due  tc»  different  causes. 

Ill  the  riuhh^r  cases  of  emleinic  dysenteiy  tainted  fotxl  and 
pnjilucts  of  fermentation,  with  perhaps  sijeeific  Ijacteria,  are  the 
causative  agents,  Oeeasioually  certain  jHjison.s  likt^  mercury,  pro- 
duce sinular  lesions.  In  eases  of  uh^enitivc  dysi'utery,  espeeially 
the  tropi<'al  forms,  the  Anueha  eoli  is  usually  i-eirarded  as  the 
sjieeitic  emise  (sec  Part  I.).  Tiiis  iirfr^^nism  |inihnhly  eiitei>i  the 
intestinal  tntet  tlirou^:^h  drinking-water  and  niultiplies  in  the  larj^e 
intestine^  wdiere  it  iiivatles  the  mucosa  and  oeeasions  widespread 
ulccratitm*  Recently  a  bacillus  resembling  the  typhoid  bacillus 
has  been  dist^overed  in  certain  forms  of  tropical  dysentery  us  well 
as  in  emlemie  and  epifh/mic  dysentery  of  X«»rth  America.  Tin* 
bacillus  is  probalily  spceitie.  The  etiology  of  the  most  severe 
forms  of  *lys<'ntery  remains  obs<'ure,  hut  the  association  of  certain 
cases  with  violent  septic  diseases  suggests  the  eausal  factors. 

Patliologic  Anatomy. — Several  varieties  may  be  distinguished, 
though  one  iif  these  merg**s  gradually  into  the  other. 

Catarrhal  dysentery  is  tlie  mihlest  form,  cbanicterized  by  con- 
gestion,  swelling,  and  edema  of  the  niueous  mcndirane.  Petechial 
hemorrhages  and  follicular  enlargements  or  uh^ersare  not  unusual. 

Ulcerative  dysentery  is  marked  by  swelling  of  the  mucosa, 
due  to  a  serous  or  sero-hemorrhiigic  intiltrntion,  and  scattered 
ulcers  having  a  more  or  less  irrc^gular  and  raggtHl  out  hue  and 
undermining  the  mucosa.  The  ulcers  are  often  surrounded  by 
heniorrhagic  itdiltration  and  eovereil  with  a  glistening,  sticky, 
mucous  or  mucopurulent  exudate  which  is  often  mixed  with 
hhHnl  and  tibrin.  The  ulcerative  form  tends  to  become  ehrouie, 
causing  great  thickening  of  the  Imwel  and  inthJcnt  ulcers. 

Diphtheritic  dyBentery  is  distinguislicd  hy  the  |vrcsenee  of  a 
pseudoTiieml>ninous  deposit  in  and  upon  the  mucous  nicud>nine. 
The  entire  wall  of*  the  colon  and  nctuni  may  be  eovercd  with  a 
grayish  or  lirowoish,  more  or  less  nwrotic,  membrane;  or  smaller 
areas  of  like  character  may  l>e  sciittered  here  and  there  upon  a 
thiekencfl  ant!  catarrhal  surface.  In  the  mildest  eases  the  process 
is  entirely  superficial  ;  in  the  severest  it  extends  deeply^  and  the 
muscularis  mucosa*  and  even  the  submueosn  may  be  flcstroyed. 
The  detachment  of  this  pseudun»end)raue  leaves  an  irregular  ulcer 
wliose  (Miges  have  a  gnawed  appearance.  Thc^  ulcer  later  becomes 
dirty -gniy  or  brownish  in  (*olor.  This,  togetlicr  with  the  greatly 
swollen  surrounding  niuc(uis  membrane,  gives  a  somewhat  char- 
acteristic jneture,  Fmm  the  running  togetfier  of  several  ulcers, 
small  islands  of  mucous  membrane  are  left  upon  an  ulcerating 
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Imse.  To  tlie  moi^t  violent  of  all  forms  the  term  gangrenous 
ilifiieiikrif  is  appliral>le.  Microseopieally,  thu  epithelial  cells  sliow 
granular  degeneration  and  l>eeonie  mure  and  m(»re  neerotie.  The 
degenerated  cells  of  tlie  oiiieosa  and  sohniucoBa  are  enibedde*l  in  a 
iil>riiious  or  inueotibriiious  nutrix\  and  rouud  cells  invatle  the  mem- 
brane as  well  as  the  .suhjneent  tissues.  The  pseudomemhraiie  is 
eouipjsed  of  pulymorplunHiehar  leukoeytes,  a  network  of  tibrin 
witli  the  remains  of  the  neerotie  eell^,  and  mimeruus  baeteria. 

Ill  tlie  amtebic  fonii  the  amieba  eoli  may  he  found  in  the 
mucous  membrane  near  the  site  of  a  begin  id  ng  ulcer.  If  ulcers 
have  already  formed,  the  ama^ha?  may  be  found  in  the  deeper 
tissues.  Here  they  eause  ucerosis,  wiili  very  little  evidence  of 
i  n  Ha m  ma tory  reae t i  ou . 

Eeeults  of  Dysentery. — In  all  eases  there  is  a  tendency  to 
chronic  tliiekeniug  or  iurtarnnuition  of  the  large  bowel  ;  and 
mucous  colitis  or  nien^ly  a  tendency  to  i*epeated  acute  colitis  may 
remain.  Occasionally  perforation  occurs,  and  peritonitis^  or  jkti- 
pnK'titis  results.  The  most  frequ*'nt  eomplieatictn  is  abscei^s  (»f 
the  livtT  resulting  from  embolism  or  frt»m  asceniling  thrombosis 
of  the  pnrtal  vein.  In  amebic  dysentery  tlie  Amceha  eoli  is 
earrii'd  to  the  liver  in  eml>oli  ami  occasions  si'conitary  changes. 

Cholera. ^ — (liolera  epith-mica,  or  Asiatica,  is  an  acute  si>eeific 
inflammation  i>f  the  smaU  and  large  intestines,  <lue  to  the  comma- 
baeillns  or  vihrion  of  Koelu  This  micro-organism  is  found  in  the 
great  majt*rity  of  cases.  Oeeasionally  it  is  not  distHivertHl,  while 
other  micr*>-org:inisms»  Bacillus  (*oli  conununis  and  strept*HMK!ci, 
are  pH'scnt.  It  is  protmble  that  in  these  instances  errors  of  obser- 
vation cause  the  fnibire  of  detection. 

Pathologic  Anatomy. — Cholem  is  chamcterized  by  redness  and 
swelling,  and  not  rarely  by  petechial  ecehymosls  of  the  mucous 
membnuHs  particularly  oj'  tlie  small  intestine.  The  superficial 
eiiithebnm  siitfrrs  early  iiud  extensive  degi^nemtion,  perhaps  a 
form  of  coaguhition-uecrosis.  Tlie  solitary  follicles  and  the 
agminated  glands  may  enlarge  and  may  suffer  ulceration.  The 
intestines  contain  antl  discharge  a  serous  exudation,  often  in  large 
ipiantities,  and  ctaitaining  tfrayish  or  whitish  particles,  wliich  are 
flakes  of  destpiamated  and  degcnemtcd  epitlielinm.  The  term 
**  rice-water^'  discharges  is  applicil  to  the  evaenations.  Ext^'O- 
sive  areas  of  the  mucous  mendjrane  may  be  laid  bare  by  the 
desquamation  of  the  epithelium.  Wlien  cholera  has  passed  to 
its  hiter  stages  secondarv'  psendomembi'anous  inrtammation  of  the 
mucous  membrane  is  not  unusual,  and  is  pix>bahly  the  result  of 
secon  da  ry  i  n  fi  ^  c  t  i  i  >  n . 

Associated  Conditions. — The  blood  is  thiekcnc^l  and  dark-red  in 
eoh>r  ;  thromliosis  in  the  heart  or  venous  sinuses  is  fretpient.  The 
kidneys  present  marked  Cfnigestion  and  degeneration,  which  are 
dependent  upon  the  action  of  the  toxins  of  the  disease.  I/obidar 
pneumonia  is  a  <'on)mon  complication* 
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Typhoid  fever  \^  clLstiiigiiift?]ied  by  an  aeutL%  specific  inflaninia- 
tion  oi  the  iyriiphinil  cleoionts  of  tlie  intestines,  particulnr!y  of  tlie 
ileum  and  upper  portion  of  the  eolou,  Tlie  speeilic  eanse  is  the  Ba- 
eillus  typlii  abtlonunnh?:;,  deH-rilKd  by  Eberth  xm\\  iin^'ky.  This  or* 
ganii?rn  enters  the  ^^a^trcj-intrstinal  tract  with  (lr]nkiiii:'Wat<T,  inilkj 
fir  other  fixHl,  ami  niultipliei?  in  tlie  s^mall  intestine  (see  Part  I.). 

Pathologic  Anatomy.— The  specitie  h^sions  of  tyjihoid  fever  oo 
eur  in  t[ie  lyinpiiatie  struetures,  notably  in  the  Kolitnry  follicles, 
Fever's  patches,  nu'Si'iiti'ru^  |r!auds,  and  spleen. 

The  solitary  folbeles  luid  IVyer's  patches  of  the  lower  ead  of 
the  ileum  are  lirst  ai^eeti'd,  l)iit  later,  or  exceptionally  in  the  ln*- 
^inning,  the  lyruph»Md  c(»ilccdt>us  of  the  upper  part  of  tlic  ih^ujn 
and  jejunnni,  (*r  of  the  eeinnn  and 
colon,  fnuy  be  involved.  At  first 
the  (bllicles  and  pat<'hes  are  .swol- 
len and  somewhat  reildejicd  l*y 
congestion.  Within  a  f(  w  ihiy^^ 
of  the  onsets  howev^'r,  tliey  lose 
their  (*ongesteil  itpj>eariiriee  and 
present  themselves  118  grayisli  or 
white  elevations  projeetiug  ironi 
one  to  s(*veral  millimeters  alH*ve 
the  surface  (Fig.  239).  Micro- 
si'opieully  tlie  lymphoid  elements 
are  found  in  a  state  of  active  |)rfK 
liferation,  and  in  additic»n  large 
round  cells  (cmlothelial  or  cpithe- 
li(Md)  arc  Uiore  or  h/ss  abundant. 
These  large*  f^ells  arc  actively 
phag<T<'ytii%  and  have  been  tlis- 
covered  in  the  lynipiiatic  chan- 
nels at  some  distance  from  the 
local  lesiems,  as  well  as  iti  the 
mesenteric'  glands,  antl  in  distant 
parts.  The  sur  run  tiding  mucosa 
may  be  normal  in  appearance^  or 
may  l)e  somcwlnit  inflamed.  The 
eontlitions  of  the  lymphoid  striict- 
ures  at  this  stage,  iu  which  the  t«Tni  me(bilkiry  mfiltratton  hn^s  been 
applied,  remain  nnelianged  for  some  days  or  a  week.  After  the 
first  week  necrosis  is  prone  to  occur.  The  center  of  the  solitary 
follicles  or  {KU't  of  the  reyer's  patch  Ix^comes  nxore  ami  mwvv  soft 
and  yellow,  <jr  sonn 'times  rcddisli  fnjm  absorption  of  bbvod-pigmcnt. 
The  necrf*tic  |K)iiions  are  disc*liargcd  after  a  few"  days,  leaving  an 
ulce^rated  surface  of  regular  or  irregular  emtline,  and  presenting 
necrotic  edges  with  hcnmrrhagie  infiltration  (Fig.  240).  The  ul- 
cei's  resulting  from  destruction  yA*  tlit!  solitary  follii^lcs  art*  small 
and  roniulccb  while  tliose  involving  the  Peyers  pat<.ibeg  are  ekm- 


-   I  -Typhtiicl  fever,  HhowiiVK^^tngL: 

\*\   lui  ihiUnry  innUmtlou:    etiliirntmu'iit 

Oni>i:liliL>it  from  Kti^tuiu]  Rurapt'l). 


588 


TEXTBOOK  OF  PATHOLOGY. 


gated,  the  loii^  axis  heint:^  jwimlh  1  with  the  axi.s  of  the  intestine. 
Tlie  ulcers  are  usually  touiid  in  an  aeute  sta^^*  {it  the  end  of  tlie 
second  or  at  the  be|riniiing  of  the  third  week  of  \\w  disease.  Reso- 
hitifvu  may  oeenr  with*Mit  neen>^i.s  ami  uk^eration,  hut  more*  eom* 
nnnily  uh'.ers  are  formed  and  healing  proeeed.s  more  shjwly*  The 
lytuphriid  eh?meuts  of  tlie  tollieh^s  ami  patehi's  are  usually  perma- 
nently dt^strnyed,  antl  healiufi;  takes  plac*e  by  prtjlifenitiun  id"  the 
fihrftus  struma.  Oe(*asionally»  however,  (^utnplete  n'stitution  of 
the  normal  tis^sues  oeeurs.  Wlien  tlie  lym|jlioid  follieles  of  the 
patehes  have  bet^ome  neen>tic  and  liave  l>een  infiltrated  with  blood 
dark  pitruieuted  sjiotH  are  formed,  and  give  rise  to  the  condition 
designaU^l  as  the  **  shave n -bea rd  *■   appearauee* 


Fin,  'i'lO,^TyiVhoid  fevi  r,  showtiip  n(?eroM«  of  Pt"V*^f',i  imti^'luii*  ant!  iiiteiiBe  cotigeation  of 
thi»  bowel  (iwiOIrtud  from  Kast  imtl  RumiK-l> 

Complications. — ^Ex tensive  neerosis  may  lead  to  erosion  rd'  a 
Idood-vessel  and  lieni<»rrhage  ;  or  tlie  wall  *>f  the  intestine  may  l>e 
eomjiletely  jm  rtl>ratetl  by  t!ie  iieerotie  prcK*ess,  and  fatal  peritonitis^ 
may  residt.  In  other  instanees  peritonitis  oeenrs  witliout  perfora- 
tion l>y  <lireet  extension  of  the  iutlammalory  jmM'ess  through  the 
intestinal  wall.  Very  commotdy  sliglit  reactive  peritonitis  is 
found  on  the  serous  surfaee  opjK>site  the  uh?ers*  Exti'nsive  peri- 
tf>nitis  rarely  <x*eni's  in  this  way.  Peritonitis  in  mre  instances  re- 
sults iVnni  necrosis  of  tlie  mesentery  ghmds,  i»r  from  rupture  of 
the  spleen. 

The  mesenterie  glands  are  eharaetenstieally  enlarged,  those 
nearest  the  points  of  ulceration  being  first  ami  most  prominently 
involved.  In  the  firnt  stage  they  are  soft  and  dark-red  in  cxilor, 
exuding  a  siiiall  amount  of  liquid  on  section.  Later  tliey  become 
largi'r,  harder,  and  <d*  whitish  af>pearanee  :  they  may  finally  sutler 
neiTosis  and  rupture,  ll^snally,  however,  resolution  takes  place 
after  the  first  stage. 

The  spleen  is  enlarged  in  most  ca»es»  and  presents  the  charac- 
teristics of  acute  splenic  tumor,  Verj'  rarely  perisplenitis  or 
id>seess  may  (K'cnr. 
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Lesions  in  Other  Parts. — Tiu-  niJisflrvK^  particularly  tlioso  uf  tiie 
alMlniiumil  \vatl>«,  fri'inicntly  show  spots  ui  tlogciienition  of  a  waxy 
or  fiynliar  (■liarju'tcr,  as  d^^srrilK/d  hy  ZenkiT.  Vi-ry  rarrly  pt^te* 
diiai  or  fuiisidpnihle  hnnorrha^^f's  may  hv  lunrKl  m  tlir  rrniBck^s  ; 
ami  ahscessas  are  rtoniotiiiirii  iiirt  witli  as  s<Mpiohe. 

Tlu'  lieart-Dniwle  is  involviHl  in  perhaps  a  niajurity  i>f'  the 
eases.  The  mnsele-filHTS  suiter  pari'UeliyniatoHs  and  liyaline 
fh'i^eneratioji ;  and  li-ss  eoinniiMiIy  the  tjitt^'iiniseidar  tissues  pre- 
sent tilt'  elianateristicH  of  aeute  aiyoeartlitis.  Aeute  eiidoearclitit* 
and  inflaniinatioijs  (d'  other  serous  siirfaees  are  rare  in  typlioid 
\e\QT  as  eoinpared  with  some  other  inteetious  diseases. 

Aeutt*  deijeneratiou  of  tlie  kidney  ami  aeute  nephritis  are  ipute 
common,  and  the  kiflney-s!d>stanee  may  pn-sent  small  lympho- 
matous  fo4'i.  Similar  lyniphomata  oeeur  ii^  th(*  liver  and  ihrou^h- 
out  the  jieritoneum.  Small  necrotie  foei  an*  alsc*  iimnd  in  the 
kidney  and  liven 

A^'nte  loludar  piieunionia  and  croupous  pneunumia  an^  freipieut 
com  plications.     Osteomyelitis  is  rare. 

The  bloml  hi  typhoid  fever,  unlike  otlier  iniet^tions,  presents  no 
leukocytosis,  hut,  on  the  eoutrary,  may  be  eharaclerizetl  hy  leu- 
kopeiiin,  tlio  moiiomielcar  leukocytes  p^edonlillatinl^^ 

Tuberculosis* — Tubercuhisisof  the  iut(  stines  nuiy  he  primary 
or  s*x*on<kiry.     It  may,  in  rare  cases,  oeeur  primarily   frttm  the 


Fiii,  241— Tuberc-mitr  iilrcratkm  of  the  fiitcfetine. 

drinkin)^  of  infected  milk  or  consuinptiou  of  the  meat  of  tulier- 
enlous  animals.  Primarv  tid^erenlosis  of  this  character  is  espt>eially 
frcfjuent  in  vouu^t^  infants.  More  con^nouly  tul>ercuh»sis  of  the 
intestines  is  secondary  to  pulmonary  or  larynireal  tuberculosis,  and 
i.s  due  to  the  swallowing:  of  sputa. 

The  usual  situation  of  the  lesions  is  tlie  lower  end  of  the  ileum, 
an<I  it  IS  the  lymphoid  tissues  that  are  prone  to  be  attacked.  At 
first  the  foilieies  or  Peyer's  patches  become  enlargcil  and  project 
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abov-e  tlie  surface.  Soon  they  iincIerfT'i  nor-rosis  and  diRchar^e 
thfir  contents,  leavin^r  more  or  less  irregular  easeoiis  ulcers.  The 
tnilioidar  ulcers  are  .small  ami  roimtletl,  but  the  more  characteristic 
lesion  is  an  irreg^ular  ulcer  ex  tent]  iu*;  tranfiversely  to  the  long  axis 
(if  the  howel  and  often  involving  a  half  or  mttrc  of  the  entire  cir- 
eiuniercnee.  The=e  nieers  usaally  h^gin  as  follicular  ulcers;  later 
the  siihnuicosii  is  invaded  and  tlie  tuhtTculous  process  extends  in 
a  lateral  direction  along  the  lymphatic  channels  running  toward 
the  me&entery  (Fig.  241). 

Microscopical! J  tlie  changes  are  fotmd  t<i  involve  tlie  inucous 
mcmhranc  and  t!ie  adja(*ent  subinncons  coat.  Karly  caseation  ih 
(characteristic.  On  the  serous  eoat  may  often  he  seen  gmnnlar 
elevatii»ns  in  clusters  opp<i.sitc  the  ulcers  in  the  nincosii,  and  ex- 
tending in  lines  from  the  region  of  ulcenition  aronnd  tlie  liowel 
towani  the  mesentery  (Fig.  242).      Tliese   n»prescnt  tuljerculuuij 


nf  the  lnie«tine:  the€:1usterK  nre  sititHied  u^NfrnwitL-  uji  eruui-us  nf  the  mucous  membrAJie 
(modi tied  frura  Jlr»ningvr». 


lyniphxingitis  and  small  miliary  tubercles  in  the  coarse  of  the 
8nl*serous  lymphatic  vessels. 

Tnijcreiilous  ulconitifm  rarely  causes  perforation  of  the  bowel, 
excepting  in  the  rectum,  where  peri|>roetitis  mwA  fiHtahi  tn  ano  may 
result.  The  ulcers  may  heah  causing  cicatricial  <Iistortion  or 
Htenosis.  Very  commonly  there  is  associated  tuberculous  enlarge- 
ment of  the  mesenteric  glands,  aufl  soiuctimes  the  latter  jire 
extensively  diseased,  thougli  the  |)riinary  inU^stinal  involvement  is 
insignificant,  (icnemlized  enteritis  of  catarrhal  chanu'tcT  may 
a(*conip:iny   t!ie  spec i tic  ulcerative  disease. 

Syphilis  is  most  frequent  in  tiic  rectum,  though  cases  of 
syphilitic  disease  of  the  small  iuU^stine  or  colon,  in  the  form  of 
localized  or  diffusa*  gtmimatons  involvement,  sometimes  with 
secondar\^  ulceration,  have  been  observe*!,  particularly  in  cases 
of  congenital  sy  pin  lis. 
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In  tlie  rt^^tuni  syphilig  may  appear  in  the  form  of  warty  elcva- 
tion<iorns  a  chanrre ;  also  as  miicouH  imtrlu'S,  priinniiatoiis  nodules 
or  intikmtitm.'^.  Considenihli^  tliic^kciiiut^  of  tlio  iimh^osu  iiitd  sub- 
mufo.sa,  witli  ii!romti<m  ami  st*eotidary  tnmtrimtion  and  stenosis 
{^}/philific  fitrivfuir),  may   result. 

Anthrax  iR't-asionally  affects  the  small  iutt\'^tiue  in  prsoiis 
exposed  to  infection  hy  their  rK'enpiiticvns.  It  is  met  with  among 
wooKsortens  linishinakers,  tanners^  and  the  like.  Mort*  or  less 
extensive  uh'('rati<in  is  seen  in  the  smal!  intestine,  and  sometimes 
in  the  large  intestine.  The  u leers  tuv  dark-eolored  and  neerotie 
in  appearance^  am!  are  rommfinly  snrronnded  l>y  a  liemorrhaj^ie 
Kone.  Consideralile  edema  and  hemorrhagie  in  tilt  nit  ion  of  the 
neighboring  parts  of  the  intestine  may  aeeonipany  the  nleenition* 
The  neighbiiring  lymph-glands  and  the  spleen  are  enlarged.  The 
baeilli  of  anthmx  are  tbund  In  eonsiderable  nmnbers  in  the  uleei*a 
and  in  tfie  surrounding  tissues. 

Actinomycosis  oi*  the  intestines  is  very  rare.  It  most  eoin- 
raouly  atlects  the  region  of  the  eeeum,  eansing  fu-st  infiltrations 
au<l  then  lUeerations  of  the  nuieosa  and  submnetisa. 

Bnteromycosis  is  a  term  applied  to  intestinal  aifeetions 
resulting  from  thi-  ingestion  of  putrid  meat,  fish,  sausages,  and  the 
like.  ( Kn^asiunully  (*r>nsideralde  epidemics  may  occur.  Tlie  intcs- 
tines  may  [u-eseut  tiie  lesions  of  catarrhal  enteritis  or  of  intense 
eroopous  or  |iseudomembranons  infhimmation,  and  there  nuiy  he 
erosions  or  idcer4ition.  Micro-organisms  of  various  sorts  have 
been  discovered^  liut  no  specific  jfitrni  is  recognized.  The  aente 
general  symptoms,  and  even  the  ltR*al  lesions,  may  \w  caused  by 
poisons  elaburatf  (1  by  bacteria  in  tainted  Ibods,  rather  than  by  the 
mieroHjrganisms  themselves. 

TUMORS. 

Connective-tissue  Tumors. — Among  the  benign  tumors  of 
the  intestines  /fA/'o^/K/,  nufxtnaa^  and  lipttmtr  nv<'  oceasiunally  met  with 
in  the  submncosa  as  small  no<bilar  tnniors  ur  us  pendulous  polyps. 
T1k\v  may  oees^isiou  intestinal  oljstruetion  and  even  invagination. 

8a  I  TO  }i  HI  o  f "  t  b  e  in  tes  t  i  n  e  i  s  ni  re.  I  jX  m  pin  *sa  r  ( *o  mat  o  us  or  1  y  ni  - 
pliadenonuitous  enlargenieut  of  the  solitary  follicles  or  IVver's 
patches  maybe  met  with  in  leukemia  or  ps(^udolenkemia.  Round- 
celled  sarcoma  springing  from  the  subuiueosa  and  deeper  layers 
of  the  mucosa,  and  Miinetinu's  infiltrating  t!ie  inesi'ntery,  may  also 
occur  as  an  indrpendcnt  and  primary  affe<'tion.  Notlnh/s  of 
secondary  sarconia  iirv  not  rarely  met  witli  in  the  mu<'<jsa  and 
Bubmucosa  of  the  intestines  (Fig,  243)^  and  the  serous  covering 
may  lie  studded  with  miliary  nuduh's  in  sarcomatosis. 

Epithelial  Tumors.^ — Amon^  the  epithelial  tumors  may  be 
included  hijfammafonf  pfipif/nmn,  ffdenoinn^  and  t'trrrifiornfi, 

InflauHuatory  hyjM'rplasia  of  the  mucous  membrane  may  occur 
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in  association  with  chroiiie  inHiiiiirnutions,  e^:pecially  in  the  Iarg6 
intestine,  ami  may  lea  J  U>  the  iariiiation  of  itapillrdnakiiis  or  p>ly- 
poiJ  elevations  of  considerable  niaguitiitle. 


Fm.  243.— Nodule  ut'«econtlttry  isarcotim  in  tht*  tniierjeaof  thi3  ititostiiu*  (Kikst  mid  Riirapeiy. 

Adenomaid  arr*  more  strictly  of  the  nature  of  tumors,  being 
indejM^ndt^nt  ofiutlammatory  processes,  althongh  m*  shar|>  dividing* 


Fjo*  244,— Oftrcliioroa  of  the  duo^eimi  ru^piJltt  (roodified  frtmi  Kast  *tnd  Rum|H?l), 

line  cmi  be  drawn  between  the  intlnmmatory  proliferations  and  the 
adenomata  proper.     The  latter  may  occur  in  the  form  of  flat  ele- 
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vations  having  a  more  or  lesn  iineveo  surface  and  a  tendeney  to 
hemorrhage  ami  uleenition ;  or  in  the  form  of  papillomatous 
elevations  of  a  canliHower  ohanicter.  Adenomata  arise  hy 
hyporplaj^ia  of  the  crypts  of  Liel>crkuhn  in  the  duodenum  or  of 
Mailers  glands,  and  in  their  fitrueture  they  present  typical  gland- 
ular  acim,  the  tuhides  having  a  hasement-membrane  lined  with 
cylindrical  epitheUuin.  Adenomata  are  most  frequent  in  the  rec- 
tum^ but  may  m-enr  in  other  parts  of  the  large  intestine  and  in 
the  duodenum. 

Ctireinoma  is  the  most  frequent  tumor  of  the  intestines.  It 
CMX^urs  in  the  dyodenum^  espieially  at  the  papilla  of  the  common 
bile-duct  (Fig.  244) ;  at  the  ilet^cee^il  valve,  at  the  flexures  of  the 
colon,  and  in  the  u])per  or  hiwer  part  of  the  rectum.  The  appear- 
ance is  that  ijf  a  soft,  irregular,  often  idferatcd  and  hlecding  ele- 
vation, pn^jccting  into  the  hmien  of  the  gut  and  causing  eonsidei-able 
Darrow  ing,  or  surmunding  the  bowel  by  circular  iuvolvenicnt  ai'  the 
entire  circumference.  The  eareinomata  of  the  bowel  are,  for  the 
most  part,  cylindrical  epitheliomata  (Fig,  245)  or  glandular  ean- 


Fifl,  24is,— Cy Jill d rim  1  t-pltheJioma  of  Uie  intestine  (Perls), 

cePSj  consisting  of  atypi(*al  acini  and  tubules,  with  irregular  pmlif- 
eration  and  infiltration  of  the  neighboring  tissues  with  masses  of 
epithelial  cells.  Cases  are  met  with,  especially  in  the  rectum,  in 
which  there  is  a  clear  transition  of  adenoma  into  eareinoma  (aileno- 
C4ircinoma),and  in  genera!  adenomata  of  the  [>owel  have  a  tendency 
tc*  such  transfornmtion  (Fig.  246).  At  the  lower  end  of  the  rectum 
Sfiuamous  epithelioma  may  occur. 

The  results  of  carcinoma  of  the  bowel  are  the  same  as  those  of 
stenosis  due  to  other  eaus4\s,  together  w  ith  the  consequences  of  the 
cancerous  ciu'hexia  and  ui  metnstams,     Ulcemtion  of  the  tumor 
may  lead  t^j  perforation. 
3d 
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Mt/oma  r»f  tlie  intestines  and  multiple  etfds  are  occusianally  met 
with. 


Fm.  21^— Adenocftrt  1 ! 


struc'RS)  (KftrgAnd  8clmior1>« 


PARASITES. 

Veg:etable  Parasites. — V^iricnis  forms  of'l>nrt(Tiii  nm  found 
witli  such  t"nM|iif'Uc  V  in  thr  intestinal  contents  thiit  it  is  ditlicult  to 
estimtite  tbeir  luitholo^ic  signiiicauee.  Tuborclc-hncilli,  tlie  Imeil- 
lus  of  glander:^  and  of  typhoid  lever,  and  the  Streptothrix  aetino- 
m yces  [>r o(  h  i  ce  1 1 1 e  s  [>ec  i  B  e  I  e  s  i  n  n  s  o f  1 1 1  v si.'  *  1 1  sea ses.  Ti  i  v  Biie  i  1 1  us 
C(>li  couiunniis  Is  a  €(MistiuU  iuliabitant,  Imt  probably  asisonies  patho 
geiitc  proiK-rtH's  ami  h  ads  to  JnHaniniatory  h'sions  when  the  coii- 
<lilioiis  (sueli  as  irri ration  by  roanse  food,  congestion,  obstruction) 
fa%'or  itvS  activity  and  multiplication.  Under  the  same  circum- 
stances other  miciYj-organisms  likewise  become  active  in  tlie  pro- 
tluetiou  of  i^uteritis. 

Animal  Parasites* — The  animal  parasites  are  discussed  in 
eletuil  elsew  here,  l»ut  may  be  l)riefly  mentioned  here  with  reference 
to  patholoj;;:i<'  results  occasioned  by  their  presence.  Various  forni!^ 
of  protozoa  liave  been  foimd,  and  may  (K'casion  inflammations 
when  in  considerable  numbers*  Coc^ciflial  pHorospermia  occur  in 
the  epithelium  of  the  villi  of  the  small  intestine,  and  the  Lamblia 
iutestinalis  may  be  found  attached  to  the  epithelium.  The  Amoeba 
dyseuterite  may  lie  free  in  the  contents^  or  may  be  found  in  the 


DISEASES  OF  THE  O ASTRO-INTESTINAL  TRACT.        595 

tissues,  especially  in  the  viciiiitv  of  ukierations.  Tt  inhabits  the  hirge 
intestine,  and  is  the  probable  cause  of  certain  kinds  of  dysentery. 

The  lar|:c^T  intestinal  pam.sites  are,  for  the  most  part,  sp'eies  of 
vtTnu's.  Anmng  tfi**  tape- worms  Taenia  saginataj  Tieiiia  solium, 
and  Dibothrioeephalus  latns  are  tlie  most  frequent*  Oeeasionally 
these  raay  lead  to  intestinal  obstruction  by  forming  thick  knots  or 
coils,  anil  sometimes  tlie  head  t>i'  (he  worm  may  be  attached  in  the 
mouth  nf  the  biltMliiet,  causiu*^  ol>stnietit>u  and  jaundice.  Intlam- 
mutory  chauj;es  are  rarely  met  with  as  a  resuH  oi'  these  w(>rms. 

Among  the  uematfKles,  or  rounil  worms,  the  Asearis  lundjri- 
ecMdet^,  or  nrdinary  round  worm,  is  the  most  frequent.  It  is  usu- 
ally multiplcj  and  may  oerasion  obstruction  of  the  intestine  or 
inflammation.  Sometimes  they  perfonxte  the  intestinal  wall,  but 
it  is  improbable  that  the  perforation  is  due  entirely  to  the  aetitai 
of  the  worm.  Previous  intrstinal  ulceration  is  the  nitire  im{Hirt- 
ant  condition.  Obstructiun  of  the  bilc-threts  or  i»f  the  app*'Utlix 
may  m^easinnally  l>e  cine  to  lumbricoifls.  The  Ankylostonuun  dn- 
irtlenale  may  eanse  petwhiai  hemorrhages  and  iutJamniatory  dis- 
turbances in  the  duodenum  (»r  jejunum.  The  worms  attaeh  them- 
selves firmly  to  the  mucous  surface  and  may  hv  pivsent  in  large 
numbers.  The  Oxyuris  vermicular  is,  or  thread-worm,  «KH"upies 
the  large  bowel,  nudtiplying  in  tlu^  cecum  and  <lesecndiug  in  the 
mature  state  tn  tlie  r(*(*tum  ;  it  mayi»ccasion  considerable  proctitis. 
In  female  children  vaginitis  stmietimes  results  from  migration 
of  the  worms.  The  Trichinclla  spiralis  when  ingested  in  large 
numbers  occasions  violent  gastro-eutcntis,  and  its  embryos  per- 
fonite  the  wall   of  the   intcs(iu(^  nod   migi"ate  to  the  muscles, 

Larvie  of  various  forms  nf  flics  occasionally  occupy  tlip  inlcs- 
tinal  tract,  and  owe  tl*cir  presence  to  the  ingestion  of  the  eggs 
with  fwi<l,  Tliev  may  oceasion  enteritis,  and  may  be  found  in 
immense  numbers  in  the  bowel  or  the  stools. 


INTESTINAL   RUPTURE  AND  FOREIGN   BODIES, 

Rupture  may  Ijc  due  <!irectly  to  traumatism  or  penetrating 
wounds;  but  more  fu'<|nently  n suits  from  ulcerations  within. 
Duodenal  (peptic)  ulctu's  not  infrequently  perfomte,  aufl  typhoid 
ulcers  orcasionally  cause  rupture.  Tul>ert*ulur,  dysentertc,  and 
other  ulcers  are  less  jvrone  to  ]>enetrate  completely.  The  appen- 
dix ntay  rupture  frruu  obstruction  at  its  mouth  and  serondary 
catarrhal,  neen>ti<"j  or  g^augreuous  inflamnuitum  of  it^  walls,  llec* 
tal  ulcers  frequently  cause  painful  diarrhea,  proctitis,  periproc*titis, 
and  fistula?. 

Intestinal  rupture  usually  leads  to  rapid  peritonitis,  Imt  oncn- 
sionally  recovery  ensues.  A  ltx*alized  peritonitis,  by  walling  oif* 
the  infected  area,  may  fu^evt^nt  general  infection.  The  rupture 
may  take  |ila<:e  between  contiguous  coils,  causing  sjMjntiineous  in- 
tegtinal  anastomosis. 


nm 
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Foreign-bodies. — Vanous  hodw^  that  have  been  swallmved 
may  Iwlge  id  the  intestiiier^.  Oecaj^iouully  tbuil  euricretions  or 
erderoltthii  are  foun«l,  t*sj>ecially  in  the  appendix.  These  cdu- 
sifit  of  a  nuehnis  of  epithi^Iial  et'lls^  niiiens,  haii^  ami  tlie  like,  gur- 
ronnded  l>y  inspissiit4'd  feeal  matter  and  earthy  siUs,  phospliate  of 
lime  and  earhonak'  of  ealriuni.  Tliey  may  vmn^e  crmtsidemble 
irritation,  especially  in  the  appeii<lix,  and  even  perforation. 

THE   LIVER. 

Anatomic  ConsideratiotiB* — The  liver  U  petndiar  in  hav- 
ing a  dotihle  rireulatino  ;  t>ue  system  of  vee^sels,  the  portal 
vt'in  and  its  ultiniate  snhdi vision,  re<*eiving  the  hhwHl  from  the 
4ligestive  tract  for  fynetionat  |»nrposes ;  tlie  t>ther  system,  the 
hepatic-  artery  and  its  lininches,  supplying  the  nntritive  bhxMl 
for  the  walls  of  the  h I otxl -vessels  and  ibr  the  interlobular  enn- 
neetive  tissnes,  as  well  as  to  a  certain  extent  the  proper  hepatic 
gtnn-ture  itself.  The  portal  eapilhiries  ramify  through  tlie  acini 
and  empty  into  small  branches  of  the  liepatie  vein  lying  in  the 
center  of  the  acini.  The  capillaries  of  the  hc[jatie  artery  traverse 
the  interlobular  tissne  and  ultimately  empty  int**  the  interlobular 
branches  of  the  hcpatie  vein.  The  primary  biliary  capillaries  are 
merely  si>aees  l*etween  the  hepatic  cells,  tlie  larger  formed  capil- 
laries oecupying  the  interlobular  tissues. 


MALFORMATIONS   AND  CHANGES  OF  POSITION. 

Congenital  malformations  arc  uncomnuin.  There  may  be 
eomplfh'  ((hnfuri' of  the  or//fi»,  especially  in  ccrtiun  monstrosities; 
more  fre<juently  (tdvrttO'fimjM  hvpaih  limne  is  found  in  the  susj>en- 
sory  ligament  or  elsewhere.  Minor  abnormalities  in  the  lolies  or 
fissures  are  more  fretpient*  Ahfunre  of  the  f/fiff-bi^Nltier  and  co^?- 
f/enihti  strnoHiH  or  ocvltttaion  of  the  hrpatir  fiiirtK  are  occasional ly  niet 
with. 

Congenital  Alterations  of  Position,— The  liver  may 
occupy  the  left  side  in  transposition  of  tfic  viscera.  More  mrely 
it  is  displaced  downwiird,  or  ocmpies  other  abnormal  p(jsitions. 

Acquired  Changes  of  Form*— -Tbc  most  important  of 
these  is  eoutraction  and  lengthening  of  tlu^  orgsm  by  lacing. 
This  gives  rise  t(v  compression  along  the  line  of  the  lower  mar- 
gin of  the  ribs ;  the  right  lobe  of  the  liver  may  thus  be  divided 
into  an  upper  and  a  lower  portion  by  a  deep  fissure.  The  capsule 
is  fre(piently  tliickened  and  thr*  su|H^rfieiul  acini  atrophic  at  the 
line  of  constriction,  ^Similar  indtMitation  by  the  ribs  posteriorly, 
or  by  the  right  cms  of  the  diu|ihragm^  results  from  pulmonary 
afteetions  and  enlargements  of  the  liver.  Other  changes  of  forni, 
due  to  special  diseases  of  tlie  liver,  will  be  discussed  below. 

Acquired  Changes  of  Position* — Downward  displacement 
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inaj  result  from  pleural  effusion  or  emphysema ;  or  it  niay  be  due 
to  relaxation  and  len^thc^ning  of  the  suspensory  ligitmenis.  The 
latter  form  is  more  eonmntn  in  wonn^n  than  in  men,  and  is  olten 
part  of  a  general  enteropt4).sis.  Tight  hieing  may  Ik*  a  amse  of 
impi^rtanee.  l>isplaeement  to  the  right  iir  left,  or  tilting  upward 
of  the  lower  erjge,  ntay  occur  in  association  with  various  abdominal 
and  thoraeie  affections. 


CIRCULATORY  DISTURBANCES. 

Anemia  of  the  liver  may  l)e  part  of  a  ji:enend  anemia,  or  it 
may  l>e  due  to  pressure  uirui  tlie  f»r<r**u,  to  various  disease,*;  of  tlic* 
li\er-substanee,  or  to  eontpression  of  tlie  bhxid- vessels.  The  sub- 
stance Incomes  j>ale  and,  if  the  anemia  persists,  undergoes  degen- 
eration. 

Active  hyperemia  is  physic jlogie  during  digestion,  and 
occurs  in  association  with  various  iriflamnuitory  abdominal  dis- 
eases. It  is  rarely  extensive,  and  does  not  leail  to  marked 
pathologic  cha nges. 

Passive  hyperemia  results  from  obstruction  to  the*  circula- 
tion due  to  cardiac  or  |»ulm*mary  diseases,  to  pleural  effusion  or 
adhesions,  or  to  throudjusis  or  compression  of  the  upper  part  of 
the  inferior  vena  cava.  It  is  especially  eharactcristic  of  cardiac 
affections,  the  slnggisli  venous  circulation  of  the  liver  accounting 
ftir  th<'  fact  that  this  organ  first  evidences  failing  cariiiac  power. 

The  liver  in*' reuses  in  size»  often  eousidera!)ly  ;  the  edges  arc 
rounded,  and  the  color  on  the  surface  is  darker  than  normal.  On 
section  there  may  be  seen  deeply  congested  centml  veins  snr- 
rounded  by  ligliter  areas»  n^presenting  the  suhstancc  of  the  acini. 
If  the  process  has  persisted,  secondary  fatty  di^generation  of  the 
peripheral  zones  of  the  acini  or  atrophy  of  ttiese  tak(  s  place,  an*! 
the  light  color  of  such  portions,  contrasting  strougly  with  the  dark, 
congested  eentnil  vein,  suggests  the  name  nuhnff/'firfr  (Fig.  247), 
In  some  instanees  of  intense  ct»ngestion  small  ht'morrhages  may 
iH*cur,  es|)ecial!y  in  the  portions  lying  beneath  the  capsule.  In 
the  later  stages  ilrgeneration  and  rcdu(*tiou  of  size  may  take 
place  ancl  the  organ  may  become  ilark-red  from  deposit  of  hema- 
togenous pigment.  Ti>  tliis  form  tlie  term  rt'd-ai ropht^  is  srmie- 
times  given.  In  other  instam-es  hyperplasia  of  the  connective 
tissues  between  the  [of^nles  and  arini  ortnirs,  while  at  tlu^  same 
time  the  organ  is  ilarkly  pigment* 'd.  The  term  nf  art  otic  htdu- 
rat f Oil  niiiy  appropriately  be  given  to  sn*'h.  Cases  of  this  sort 
are  in   reality  instan*'es  of  sevoathin/  eirrftoKis, 

F*assiv*'  coug*'stion  of  the  liver  may  iK'easion  considerable  dis- 
turbance of  th*'  hepatic  fimetion.  The  most  striking  evidence  of 
this  is  janndice.  This  is  |>r*»bably  *lue  t*>  the  compn^ssion  of  the 
smaller  biliarj^^  ducts  and  capillarieSj  and  in  part  to  swelling  of 
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the  liniDg  cdh  of  thcst;  rliiiniK-li^.  The  l>ih>  at  the  same  time  is 
pnilmbly  tliickcr  thiuj  normal,  and  does  not  therefore  as  rt.^adily 
escai>e  through  the  tlucts  as  in  health. 


FlO.  347  — Nwtnieif  liver:  chronic  <?f)ngcrtlon  due  to  c«rtllnc  dineue  (Bomnger). 

Bmbolism  ami  thrombosis  i>f  the  portal  vein  nmy  oeeur  in 
conseqiitiK-r  of  various  tlisens**^  of  tlie  gastro-iiitestina!  tmet,  jmr- 
ticnhirly  in  eiises  tA^  nleerative  enteritis.  Emholie  oeelneion  of 
one  of  the  larger  branefies  of  the  portal  vein  may  oeimsion  no 
serious  circnlat^^ry  (listnrlninces,  on  aeeomit  of  the  free  eolkteral 
eirenlation  and  fr* »ni  the  faet  that  the  liepotie  artery  is  e*np£iblc  of 
supplying  tlie  entire  latpatie  eireiilation,  Knibolie  or  thrombotic 
ocekision  of  tlie  bninelu's  tyf  tlie  hepatie  arter\^  i.s  similarly  devoid 
of  8erions  dii^tnrbanee  of  the  eirenlation. 

Obstrnetion  of  the  interlobular  branches  of  the  portal  vein, 
and  partienlarly  when  sevenil  are  *Taneidently  (jeeUidcil,  may 
oex^aBion  decided  nutritive  disturlKinees  in  tlie  liepatic  acini. 
Small  areas  of  necrosis  liaving  a  grayish  or  yellowish  an*!  some- 
what granular  appearance*,  or  in  other  eases  foci  of  necr<isi&  with 
hemorrhagic  intiltnitioii,  are  the  striking  lesions.  Such  eondititm^ 
are  observed  in  most  instances  of  death  from  pnerperal  eclampma 
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ID  eonseqiif'iier^  of  toxeiiiie  thrombosis  or  of  embolism  or])lueental 
cells  (Fi;;:.  248)|  and  iti  c*ojisec|ueii€i"  of  various  imoxiriitioiis  or 
iiiiectiojis  having  their  origin  in  the  distrihiition  of  the  portiil  cir- 
eiilation.  The  irnrnetJiiite  eau^e  of  the  k'sions  in  the  latter  con- 
dition  is  hyaline  thromliosis  of  tlie  interlohnhir  jwirtal  ves.sels. 


W^ 


Fto.a**.— CflAKUIftlJonncefoflw  of  tlif  lu^fiatii'  •t^lls  in  a  case  of  puetperal  celampttia 

(KitrK  iind  j^i'hTiiorl), 

Thmmbosis  of  tlie  portal  vein  h  nuxst  fivqnently  tlie  result  ol' 
infective  intlanunation  of  the  vein  (j)ylc^plilehitis),  re.Hiiltin^  from 
nieenitive  enteritif^,  apjMiidieitis,  or  siioihir  proeesrief^  invnlvinji: 
the  parts  from  whic^h  tlie  pcntal  hlood  is  reeeived.  There  may 
be  a  gradual  aseetiding  inilammation  and  ihromfMisis  extending 
from  the  [»rimary  foeus  of  di^easf.^  to  the  jinrtal  vein;  or  the 
latter  may  be  in  vol  veil  in  a  nnm'  direet  manner  by  infeetions 
eniholisju*  The  portal  vein  and  its  bninehes  in  the  liver  bet*ome 
more  or  less  obstructed,  and  serious  disease  of  the  liver  niay 
oeeur  (multiple  abseesses).  At  the  same  time  the  obstruetiun  of 
the  vein  oce^isions  intense  jiassive  liyperemia  of  tlie  |)eritonenni, 
and  ascites  results. 


ATROPHY   AND   DEO E IV E RATIONS* 

Atrophy  of  the  liver  fx*eurs  in  cases  of  death  from  senility, 
i  na  1 1  i  t  i  on ,  or  tVo  i  n  v  a  r  io  u  s  o  rgai  lie*  d  i  seasr^s.  ( P  r  ess  1 1  re  -a  t  r< » p  h  y  1 1  as 
been  referred  to  above*    Acute  Yellow  Atrophy  is  deseril>ed  Itelow*) 

The  greater  part  of  the  liver-strneture  nuiv  1h*  atTeeted,  or  the 
atrophy  may  be  limited  to  the  edges  or  other  limited  portions. 
The  liver  is  more  or  less  uneven,  and  may  at  tlie  same  time  be 
somewhat  pigmented , 

Xlieroseopieally  the  liver-eelLs  are  dec^n^ase^l  m  size,  grannlar, 
and  <lark-<"(jlonML  At  times  the  acini  nuiy  disappear  entirely, 
and  reaetive  hyjirrjilasia  of  the  stroma  and  even  prolifemtion  of 
biliary  duets  mav  ensue. 
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Localized  atrophy  ocniirs  in  the  vieinitv  of  tumors,  in  the  arini 
surroimded  by  hypi^rplastic  connt'ctivf  tissue  in  eirrhosip,  and  in 
parts  of  the  liver  otherwise  subjected  to  pressure.  The  liver-c*ells 
of  tiie  affected  part  become  distorted  and  decreased  in  size,  and 
are  deeply  pignientt^d  (t*ee  Vl^,  258).  In  the  later  stag^es  they 
break  down  completely,  and  are  remt^ved.  Red  atrfiphy  (see 
('ongestion  of  the  Liver)  is  a  form  of  pressure-atrophy  with 
pigmentation,  the  compression  of  the  hepatic  cells  being  due  to 
ovenlistentiHn  of  the  hepatic  veins  and  capillaries. 

Pigtneatation  of  the  Hver  is  prone  to  occur  on  account  of  the 
sluggish  circiilatiQu  through  that  organ^  and  maybe  of  various  kinds  i 

1.  HcmjUogenou;?  pigiuuntatinii  ihcmaclironiatosis)  in  the  yiortal 
areas.  Particles  of  altered  bh^od- pigment  are  often  deposited 
in  the  interlobular  tissues,  esfTecially  in  Kupfer\s  stellate  tndts, 
or  in  the  peripheral  zones  of  the  aeini  in  cases  of  abnormal 
blood-obstruction  in  the  portal  circulation.  This  is  particularly 
common  in  pernicious  anemia.  In  this  disea^si?  the  peripheml 
zones  of  tiie  acini  are  liabitually  infiltrated  with  pigment-matter, 
which  responds  to  tests  for  iron,  such  as  with  annnoniuni  sulphid 
or  ferroevauid  of  potassium  and  Imlroehloric  acid.  Somewhat 
similar  pigmentation  of  the  iiver  may  occur  in  eases  of  absorp- 
tion of  hemorrliagic  effnsifjus  in  the  pentoueura^  or  lu  consequence 
of  other  forms  of  blood-(h'struetion.  Analogous  pignien tuition  is 
often  met  w4th  in  tlic  livers  and  other  abdominal  organs  of 
drunkards. 

2.  Hematogenous  pigmentation  of  the  central  portions  of  the 
acini  has  been  noted  in  cormcction  with  a  red  atrophy  of  the  liver 
coa-^equcnt  upon  congestion. 

3.  Biliar}^  pigrat^ntation  results  from  ohstruction  of  the  biliary 
ducts,  and  is  eonstuutly  met  with  in  certain  forms  of  cirrhosis  and 
in  the  vicinity  of  new  growths  which  compress  the  biliary  pa.ssages, 

4.  Very  randy  anthmcotic  pigmentation  has  been  observed. 
In  one  case,  at  least,  there  w^as  associated  cirrhosis. 

Fatty  infiltration  is  more  or  less  physiologic,  especially  in 
children  and  in  overfed  imlividuals.  Path(jlogically  there  may  be 
diffuse  infiltration  or  deposit  in  the  liver-e-ells  of  id!  parts  of  the 
organ.  Sucii  pathologic  iatty-liver  may  n^sult  fr<jm  overeating 
and  general  obesity,  or  may  be  due  to  puhuonarv  disease  or  anemic 
and  cachectic  conditions.  It  has  generally  been  held  that  the  im- 
mediate cause  is  retarded  oxidation,  in  consequence  of  which  fat 
accumulates.  It  is  probable^  hnwever,  that  there  is  some  disease 
of  the  hepatic  cells,  rendering  them  more  active  in  the  sti»ring  up, 
or  less  active  in  disposing  of  tats.  This  seems  especially  true  in 
certain  cases  due  to  poisons  whicli  cause  a  deposit  of  tat  in  the 
liver,  as  in  geese  pampered  by  antinxonial  pi>isoning. 

The  liver  increases  in  size,  often  considerably ;  its  edges  are 
rounded,  its  consistency  is  doughy,  and  the  color  is  rather  yellow- 
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jsh  and  glistening.     On  section  there  may  be  visible  exudation  of 

oil-clnips  and  the  kniie  may  be  eoverfd  with  droplets. 

Miiiro&jropically  the  proeews  is  iounrl  to  he^iii  in  the  peripheral 
portions  of  the  acini  in  th(^  iiirm  of  (lrn|ilrts  witiiin  the  hepatic 
cells.  Soon  these  inereai^e  io  size  by  eonfliKiiee,  adjaeent  eel  Is  are 
involved,  and  the  entire  acinus  eventually  I  re  comes  atfected  (Fig. 
249).     In  extreme  eases  tiie  hepatic  ecll   is  filled  with  a  single 


Fig.  249.— Fdtty  iiiftllratioD  of  the  llvur. 

large  oil-drop,  which  compresses  the  protoplasm  and  nucleus. 
The  hlocMJ -vessels  and  other  structures  may  he  comph^tely  hiddeo 
from  view  ;  and  the  pressure  of  the  ihtty  ile[»(>sit  may  be  sufficient 
to  produce  a  certain  dr^gree  of  anemia,  thougli  nut  enough  to  occa- 
sion serious  circulatory  tlisturbances.  The  functional  activity  of 
the  liver  is  dinunished. 

Parenchytnatotis  degeneratioti,  or  cloudy  swelling,  occurs 
in  various  infeetinus  fevers  and  in  eonseijuenee  of  intoxications, 
notably  by  phosphorus,  arsenic,  utkI  autiiuj^oy.  The  liver  is  some- 
what enlarged,  and  of  an  upa*jUe,  grayish -ye  I  low  appeamnee,  tbe 
outlines  of  the  lobules  beiujx  extinguished.  Microscopieally,  the 
liver-cells  are  fournl  filled  with  tine  albuminous  granules  more  or 
lees  obscuring  the  nucleus.  In  most  instances  eloudy  swelling 
terminates  by  return  to  the  ni»rmal  state ;  hut  if  the  iutoxication 
or  infection  is  ei>ntiuued,   fatty  degeneration  may  lY-sult. 

Patty  degeneration  may  occur  as  the  result  of  severe 
anemia,  particularl)'*  |>ernicious  anemia,  or,  fijllowing  eloudy 
swell ing»  as  the  result  of  infectious  diseases  or  of  iutuxications. 
Among  the  infections,  pyemia,  yellow  fever,  rela|>sing  fever, 
and  erysipelas  are  notalde  examples.  The  liver  may  be  greatly 
decreased  in  size  and  softer  than  normal  :  the  substance  not  rarely 
is  friable.     The  color  is  yellowish,  and  oil-drops  may  exude  from 
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ihv  surface.  Mirmscopif^nlly  tlie  ht^patic  cAh  are  filled  with  small 
graiiiikir  partieli's  or  Jroplrts  ut'  tat,  and  in  the  advanced  stages 
they  break  down  cninjdetety  into  granular  detntiLs.  The  liver 
cells  may  contain  single  larii^e  drops  of  fat  [u^ietieally  hulistinp^tii en- 
able from  tliose  seen  in  fatty  inJiltratioiL  The  <listinetion  of  the 
two  eimditiuns  may  be  exoeedinirlv  diffienlt.  Fatty  degeneratitm 
of  localized  areas  of  the  liver  or  of  individual  aeiivi  or  cells  occurs 
in  ai5riOciati(aj  with  ehrouic  hepatitis  or  other  diseases  causiDg  pres- 
Hure  ujxm  the  acini. 

Acute  Yellow  Atrophy* — The  most  advanced  fatty  de- 
generation of  the  liver  occurs  in  tlie  affection  of  tlie  or^ran 
t<TTned  acute  tfeihw  afrophif.  This  *'onditiim  \fi  most  frequent 
in  young  womeiK  and  cs[Mria!ly  in  tliose  a<hlicted  to  the  ex- 
cessive nsi'  (vf  alcoh(*l.  ()e(*asi<mally  syphilis  sccuis  the  etiologic 
factor^  and  in  acute  phosphorus-poisoniug  tlic  apiH-arance  of  the 
liver  is  the  same  as  that  \vhieli  is  reeuguizeil  as  acute  yt*]h»w 
atropiiy.  Finally,  aumv  cases  are  idiopathic,  arising  without 
rccognizafjle  clause.  Parturition  seems  a  ch*ti-rminin*^  <"ausc  in 
some  cases.  MienM)rtr»^nisms  r»f  various  kinds  liave  !ie(/n  foun<l, 
and  it  is  likely  that  sill  raM's  are  toxic  or  iufeelious* 

Pathologic  Anatomy. — The  liver  is  elecreased  in  size  and  lie- 
cumes  rcniarkal)lv  soi't  ami  Irialde.     On  section   there  is  found  a 


k^  ^ 


Flo.  2S0.— 'Acut*  y<  Hmw  iitn^phi'  of  ihn  liver,  showing  txienslve  fally  (leKeiiera.t1<>Ti  Mid  tm 

variegated  appearance,  the  prevailing  color  lieing  a  bmwnish  or 
gmyisli-yellow,  m  whitdi  are  scattered  Irnght  or  dark-red  areiis. 
The  yellowish  areas  repres+'Ot  the  degenenitetl  anil  pigmeiit^^d 
hepatic  cells;  the  reddish  areas  foci  of  hemorrlia^ic  In  tilt  ration  or 
pigmentation.  Tlie  process  ysually  In/gius  in  the  left  lobe,  but 
mpidly  involves  the  entire  organ.  Sometimes  the  liver  m  in- 
ereascil  in  size  during  the  initial  stag(»s,  and  occasionally  a  liver 
enlarged  by  previous  disease  sulfers  terminal  acute  atrophy. 

Mierosc«ipi<3ally  the  he|>atic  cells  are  fijtuid  to  have  nnelergone 
rapid  fatty  degeneration  or  necrosis,  and  are  tilled  with  or  replaced 
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by  yellowish  pigment-jxirticles.  As  the  proeess  advances,  the  cells 
are  eotiipletely  destroyed  (Fi^.  250).  In  the  red  areas  referred  t^, 
infiltration  with  blood-cells  aud  heniatugenuus  pigmentation  are 
observed. 


Fig.  250,  a.— Acute  yellow  wtrojiby  of  the  Uvcr  from  a  case  oecurring  (luring  rirtgimiiicy. 

Associated  Conditioiis.— Aente  yellow  atrophy  k-ads  to  intense 
clinlumia,  in  ennsequents^  of  whieh  biliary  jiignieiilation  iif  the 
various  struetures  of  the  botly  may  develop*     Puteehiul  hemor- 


FiQ.  251.— Amyloid  liver  (fh)in  a  photograpti  by  Dr.  Wm.  M,  ^Tnij). 

rhages  may  occur  in  the  rancons  or  serous  memiiranes,  or  in  tbe 
skin.  The  urine  contains  h^iiein  and  tyros  in.  More  or  less  pm- 
fonn<l  acid  intrixieatinn  may  oeenr  (see  Acid  Intoxieation,  Part  L). 
Amyloid  deg^eneration  occurs  in  eonsecpienf'»'  of  svjjI litis. 
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tuberf*ulot?i8,  and  suppurative  diseases  of  the  bones,  or  as  a  re- 
sult of  long-standiDg  cachexia.  It  is  habitually  associated  with 
amyloid  disease  of  the  spleen,  and  often  nf  the  kidneys  and  other 
stniotures. 

Amyloid  degenenition  begins  in  the  smallest  blocid-vessels  ^ 
between  and  within  the  aeini,  vMWbmg  a  more  or  les.s  pronounced 
thickening  of  their  walls.  The  liver-cells  themBelves  may  be 
Beeondarily  involved,  but  more  fireouently  undergo  atropliy  and 
fatty  degeneration  in  eonsoquence  ot  the  pressure  and  of  dimin- 
ished nutrition  due  t<»  compression  of  the  IdtXKl -vessels  (Fig.  251). 

The  liver  is  enlarged  and  denser  than  normal.  Not  rarely  it 
presents  a  striking  transluceney,  and  on  section  the  color  is  gray- 
ish-white or  yellow.  The  peripheral  and  central  zones  of  the 
acini  are  s«3metimes  readilv  distinguished  by  their  light  color  from 
the  innermost  portions,  which  are  least  affected. 

Dropsical  infiltration  of  the  liver-celis  occurs  in  eases  of 
intense  infection  and  intoxication^  especially  such  as  originate  in 
some  part  of  tlie  portiil  cin^ulation.  It  is  found  particidarly  in 
the  viemity  of  necrotic  areas  due  to  embolic  otx^lusion  of  the  inter- 
lolmlar  portal  veins.  The  liver-substance  is  swollen,  and  micro- 
scopically the  cells  are  cloudy  and  ofttimes  vacuolated. 


INFLAMMATIONS, 

Hepatitis,  or  infiammation  «»f  the  liver,  may  be  of  several 
forms  :  a  parenchymatous,  an  acute  interstitial,  or  a  chronic  inter- 
stitiaL 

Parenchymatoiis  Hepatitis.^In  the  course  of  various 
infections  an<l  intoxications  a  certain  amount  of  parenchymatous 
degeneration  of  the  liver-cells  may  take  place.  This  was  for- 
merly described  umler  the  name  parencliymatous  hepatitis.  The 
term  is  generally  inappropriate,  though  in  some  instances  there  is 
associated  with  the  degeneration  of  tlie  hepitie  cells  a  certain 
amount  of  cellular  infiltration  and  reactive  inflammation.  To 
such  cases  the  term  parenchymatous  inflammation  might  be  ap- 
plied, though  in  reality  even  these  are  more  degenerative  than 
inflammatory  m  natnre. 

Acnte  Interstitial  Hepatitis,  or  Abscess  of  the  Wver. 
— In  practiciilly  all,  if  not  all,  cases  abs<x'ss  of  the  liver  is  due  to 
the  action  of  micro-organisms.  The  bacteria  may  gain  access  in 
aeveral  ways.  In  some  eases  penetrating  wounds,  or  ijcrforation 
of  gastric  or  cbuKlenal  ulcers  or  of  other  pathi>Iogic  lesions  into 
the  liver,  <x*casion  direct  infection.  In  other  cases  the  raiero- 
orgiiuisuis  are  carried  in  the  circulation  and  enter  the  liver  with 
the  pnrtal  or  hepatic  blood,  or  by  retrograde  embolism  through 
the  hepatic  veins  from  the  vena  cava.  Finally,  infection  may 
occur  l>y  invasion  of  the  bacteria  along  the  bile-  lucts. 
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Most  frequentty  hejMtic  abscess  is  secondary  to  ulcerative  dis- 
'♦flise  of  the  intestines^  notably  dysentery.  In  this  disease  the 
*^eciile  amebie  are  carried  to  tlie  liver  in  the  portal  circulation, 
and  occasion  necrotic  foci  in  wiiieh  the  hucteria  earned  within  the 
aincb^  mnltiply  and  give  rise  to  the  further  changes  eonstitiiting 
an  abscess.  Similar  emljolic  abscesses  occasionally  follow  appen- 
dteitis  and  perityphlitis,  or  various  forms  of  intestinal  ulceration. 
Thrombophlebitis  of  the  i>ortal  vein  not  rarely  extends  to  the 
smaller  branches  within  the  liver,  and  oeeasions  multiple  suppu- 
rative ftR'i. 

In  cases  of  jroneral  pyemia  midtiple  abscesses  of  the  liver  may 
occnr^  especially  wlien  the  primary  infeetion  oecnrs  within  the 
abdomen.  Infeetion  by  invasion  along  the  luHary  tract  is  esjie- 
ciatly  pmne  to  oeenr  when  there  is  obstruetion  of  the  bile-*lucts 
by  calculi  or  otherwise.  In  tropical  eonntries  traumatism  without 
visible  eontusion  may  lea<l  to  abscesses,  and  it  is  not  unlikely  that 
micro-organisms  from  the  biliary  passages  penetrate  the  hepatic 
structure  in  the  injured   j>ortions. 

Among  the  micro-organisms  that  have  been  discovered  are 
tlie  streptococci  and  staphylococci,  the  Bacilius  eoli  communis, 
and  otiiers  less  frequently. 

Pathologic  Anatomy. — Dysenteric  and  traumatic  abscesses  are 
usually  solitary,  and  general ly  ocxiupy  the  right  lobe.  In  the 
early  stages  they  appear  as  spots  of  grayish  or  yellowish  color,  in 
which  the  division  of  the  lohules  is  lost  and  wliich  jissume  a  more 
and  more  granular  appearance.  Subsefjuently  softening  takes 
place,  and  a  cavity  is  formed.  This  increases  in  size  until  in  ad- 
vanced cases  it  may  reach  enormous  proportions.  The  contents 
consist  of  curily  or  creamy  pus  having  a  yellowish^  brownish ^  or 
often  ouite  reddish  appearance,  and  the  wall  is  composed  of  an  in- 
formed pyogenic  membrane.  Tlie  abscess  may  consist  of  a  single 
ca^vity,  or  may  be  partially  lobulated.  Sometimes  tliere  are  nntl- 
tiple  abscesses.  If  the  cavity  is  small,  nesorption  of  the  pus  may 
take  place  and  a  cicatrix  may  result.  In  other  cases  ins]>issation 
and  e neaps ulatif in  ensue.  Large  abscesses  may  rupture  into  the 
pleum,  into  the  stomach  or  intestines,  into  the  peritoneal  cavity, 
or  externally.  Not  rarely  the  diaphragm  and  lungs  are  [Km et rated, 
and  the  pus  is  evacuated  through  the  brouchi. 

Metastatic  abscesses,  and  those  due  ti»  infection  from  the  biliary 
duets  or  to  suppurative  pylephlebitis,  are  multiple  and  usually  of 
small  sixe. 

Chronic  interstitial  hepatitis^  or  cirrhosis  of  the  liver, 
is  a  form  of  diffuse  iiyperplasin  of  the  connective  tissue,  beginning 
in  the  interloludar  tissues  and  sometinufs  extending  into  the  acini, 
or  causing  secondary  changes  in  the  liver-cells.  Hy]>cr{dasia  of 
the  interlobular  bile-ducts,  and  less  fi^^quently  of  the  hejmtic  cells, 
raaj  be  observed. 
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Etiology* ^ — Cirrhosis  nf  the  liver  is  essentially  the  result  of 
hematogenous  irritation.  The  most  frequent  cause  is  alcohol, 
and  it  is  jxirtieiilurly  ireqnent  in  persons  who  eonsunie  raw  spirits. 
Overeating,  witii  a  srcjrntary  life  and  a  gouty  {liatliesisj  may  also 
contribute.  Other  eases  are  seeondar}'  to  infeetioiis  diseases, 
notably  to  syphilisj  malaria,  or  tuhereulosis. 

Oeeusionally  cirrhosis  is  due  to  the  absorption  of  irritants 
hy  the  portal  radicles  an<l  their  transference  to  tlie  liver  in  eases 
of  clirfvnic  peritonitis.  Certain  eases  are  dtie  to  chronic  con- 
gestion of  the  liepatie  circulation  in  conscTjrience  of  cardiac  or  pul- 
monary ilisi^ase  ;  anrl,  finally,  obstruction  of  the  bile-ducts  may 
lead  to  another  ^roup  of  rases,  Keeently,  certain  observers  have 
ascribed  cirrhosis  to  the  action  of  bacteria  entering  the  portal 
circulation  from  the  intestines.  Organisms  resembling  the  bacil- 
Ins  co!i  and  its  degeneration-forms  have  been  discovered  in  the 
hepatic  cells* 

Horbid  Anatomy » — Several  varieties  having  rather  marked  dif- 
ferences in  their  manroscopic  and  even  microscopic  appearances 
may  be  distinguislied.  The  process  is  essentially  the  same  in 
tlie  different  forms  and  tlie  causes  are  similar.  Tfie  most  promi- 
nent varieties  are  atrophic  rlrrhomiif  hyjmirophir  drrhosiH^  and 
hiiiarif  eirrhomii. 


Fig.  '2Lj.    Atr.tjihiL  cErrUiisfii  at  tin'  U wr  of  m  twiy  OK^d  elxieeo  yfars.  ^buwiii^  alao  thick- 
en ini?  of  tilt!  t'ttpaale  fttnl  ]fgumeiit«  (periht'piitltis>. 

Atrophic  cirrhosis  (Lacnnec's  cirrhosis)  is  the  ordinary  form, 
whii^li  is  also  known  by  the  name  '*  (iin-tlrinlvcr's  liver.**  In  the 
earliest  sta^^es  the  liver  is  often  enlarged,  bnt  in  the  typical  ad- 
vanced form  it  is  contracted,  extremely  hanl,  granular/ or  irregu- 
larly uneven  on  the  surface,  and  nn  section  resistant  to  tlie  knife 
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(Fig.  252),  Tlie  mze  of  the  liver,  even  in  liclvancefl  stages,  is  by 
no  means  iilways  small.  A  stndy  of  statiBtics  oljtainecl  at  the  }iost- 
mortem  table  slunvs  that  tlie  liv4'r  in  iierlu^ps  a  ninjoritv  of  the 
eases  of  otlierwise  typieal  Laennee'^  cirrhosis  is  hirger  tlian  the 
normal  orgjin.  The  Burfaee  of  seeticm  presentH  bands  of  ronnpe- 
tive  tii^sue  surrounding  groups  of  arini,  and  eompressing  them  so 
that  they  rise  above  the  surikee.  The  eon  nee  tive- tissue  bands  are 
dull  gray  or  white  in  ap[*earaiice,  the  enclosed  acini  yellowish  or 
brownish, 

Mieroscopieally  the  pnx*ess  is  found  to  begin  as  a  prr^Iiferation 
of  the  eonneetive  tissues  around  the  interlobular  bnuiehes  of  the 
portal  vein.  In  the  earlier  stage  there  are  found  round-eell  infil- 
tration and  proliferation  of  fibroblastie  cells^  causing  modemte 
obstnietion  to  tlie  porfcil  eirenlation.  Later  the  eonneetive  tissue 
beeotnes  sek-rotie^  greater  compression  of  the  jtortal  veins  en- 
sues, and  considerable  obstruction  of  the  circulation  residts.  At 
the  same  time  the  acini  are  compressed  and  may  suffer  degenera- 
tion. This,  however,  is  ntrely  pn*niHmee(K  There  is  little  ten- 
dency to  extensiv^e  invasion  of  tlie  acini  themselves  by  the  inflani- 
matory  proi;ess.  New- formed  biliary  duets  nuiy  be  present  in 
considerable  numljers  in  the  liypt^rpla,stic  interlobular  tissue. 

A^smnnf^'ff  PhatHfeK — Tfie  marked  result  of  atrf>phi(^  cirrhosis 


Flii. VJ'A-Cirrliosis  of  the  liver,  jihuvvln*:  ii  lobuli'  tiilbe  <  *  ntrr  Rirrounfk'd  by  d^enM 
connective  Usauc,  The  lie[mtle  ri*n>j  witfiin  the  lubuk-  art-  exk-usively  degL'neriittsd 
(fiicty)t  and  Ihuse  ftt  the  periphery  deeply  pi^nented, 

is  obstrueticm  to  the  portal  cii-enlation.  This  weasions  congestion 
of  the  spleen  and  gastro-intcstiiiai  mucosa,  and  eventually  ascites. 
When  the  obstruelion  Ijeeomcs  extreme  collateral  eirculation  may 
relieve  the  ei>ngcstiou  of  the  jKirtiil  system.  The  most  j>ryminent 
anastomoses  are  those  between  the  gastric  and  esophageal  veins, 
and  between  the  bemorrhoi<lal  veins  and  the  veins  of  Ketzius  with 
the    retrof>erituneal    veins.      The    veins  of   the    nmud    ligament 
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increase  m  size  and  communicate  with  the  superficial  veins  at  tlie 

umbilicus. 

Gastn>-intestinal  catarrh  nud  enlargement  of  tlie  spleen  are 
usually  prominent  in  cirrliosis.  Jaundice  m  rare,  l>ecaust*  the  Ijik^ 
duet8  are  rarely  comprcsftcd. 

In  some  instances  the  liver  is  hirge  and  srn<xither,  scifter  and 
lighter  iu  color,  from  the  fact  that  consi<lenible  iiitty  iniiltnition 
of  the  acini  is  associated  with  the  cirrhosis  (Fatty  Cirrliosis,  Fig. 
25*1).  In  the  later  stages  siicli  eases  may  become  converted  into 
the  typical  form  by  absorption  of  the  fat. 

PaihMogic  Phifmohfiy, — Cirrhosis  of  the  liver  occasions  gastro- 
intestinal symptoms  by  obstroeting  the  portal  cirenlation»  and 
(irobably  also  by  altering  the  functional  acti(Ui  of  tlie  liver.  Mela- 
jolic  dii^orders  of  some  sort  also  result  from  tlie  he]>atic  disease, 
hut  the  nature  of  these  is  as  yet  unknown.  The  fatal  termination 
often  comes  in  the  Ibrm  of  sudden  or  gradual  comaj  which  is 
probably  toxemic. 

Hypertrophic  cirrhosis  is  perhaps  more  frequent  in  warni 
climati's  than  elsrwljcre.  The  livrr  is  uniformly  enlarge*!,  smooth, 
or  moderately  gmnnlar  on  the  surface,  and  intlumt^^ih  On  siH!tion 
the  color  is  s*?en  to  he  inoi-e  or  less  yellowish  or  greenish,  and  either 
uniform  or  mottled. 


Fig.  254.— rL'rJlii-[mtitl>  a^j^utiated  wUb  clirhotla  of  the  Uver. 

Micnjscopically  proliferation  in  the  interiohular  connective 
tissues  is  found,  as  in  the  atrophic  form,  but  it  does  not  bear  the 
same  relaticFU  to  the  portal  veins  and  is  less  pmne  to  cicatricial 
coutmrtion.  Unlike  the  atrophic  form,  there  is  decifh-d  extension 
into  the  peripheral  zones  of  the  acinic  and  e very \\  here  lietween  the 
columns  of  hepatic  cells  there  may  be  seen  pn>li(eratefl  tiljroblastic 
cells.      Within  the  ncw-lbrmed  connective   tissue  mav  be  seen 
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coIuDing  of  low  cyliinlrital  cells  flurroimding  a  narrow  canaL 
These  are  pmliferatiKl  bile-dinrts.  Pmliferation  of  tlie  Iiver-t^ells 
themselves  is  alfio  freijuent,  and  tltroughoiit  tlie  irrgkm  the  cells  are 
found  more  or  less  deeply  gtained  with  biliary  pit^nicnt. 

Associuhd  (^huHficii, — The  most  proniiiient  is  jaiindico.  C}b- 
struction  of  the  jjortal  eipciilation  rarely  becomes  marked. 

Biliary  cirrhaeis  is  a  form  of  chronic  hepatitis  eonsequent 
upon  i>l>struetion  of  the  biliary  ducts.  The  Hrst  effect  of  such 
oostruetioi>  is  a  swelling  of  the  liver,  due  to  the  retention  of  bile, 
and  jierhaps  also  to  congestion.  Eventually  the  stagnation  of  the 
bile,  with  production  of  irritant  substances,  leads  to  reactive  in- 
flammation. 

The  appearance  of  the  liver  is  much  the  same  as  that  seen  in 
hypertrophic  cirrliosis  of  the  oi^linary  ty|>c.  The  i>rgan  is  uni* 
formly  enlarged^  and  may  be  somewhat  granular  ujkiu  the  Hurfac4i 
Of  entirely  smooth.  On  section  the  subst^ince  is  found  to  be 
deeply  l>ilC"Mtained,  and  ha*s  a  yellowiish  or  greenish  color.  The 
substance  is  firm,  and  the  overgrowth  of  connective  tissue  may  be 
visible  i>n  the  surface. 

Microscopical ly  the  first  di,scoverable  changes  are  areas  of  in- 
sular necrosis  in  the  peripheral  zones  of  the  acini*  Subsfquently 
pmliferation  of  conncetivc  tissue  replaces  these  and  spreads  to  the 
interlobular  tissues.  Proliferation  around  the  intcrlnbular  biliarj' 
capillaries  ( pertanf/lovhiditfii)  may  be  a  striking  characteristie  from 
the  first,  and  nudliplicatiun  of  new  bikwluets  an^l  of  hepatic  cells 
is  observed.  In  cases  of  absolute  obstruction  of  the  gall-tluets, 
and  iu  eases  in  which  active  iermentative  changes  in  the  bile  have 
occurrctl,  rapid  fatty  degeneration  and  acute  atrophy  of  the  liver 
may  be  the  terminal  change. 

Perihepatitis*^ — Inflammation  of  the  capsule  of  the  liver  and 
of  the  supi'rfieial  portions  of  the  lif*jjatic  structure  may  hv  asso- 
ciated with  rirrliosis  (Fig.  2ii4),  and  not  rarely  *j4'curs  in  conse- 
quence of  chronie  perit<^nitis.  It  may  lead  to  ei)nsideral)le  fhiek- 
cniug  fd'  the  capsuie.  The  pressure  of  the  eoiitraeting  fibrous 
tissue  may  occasion  atr(»phy  of  the  underlying  hepatic  substanee, 
and  a  more  or  less  uneven  and  atrophic  organ  results.  Primary 
inflammation  of  the  capsule  nuiy  be  an  expression  of  syphilitic 
infection  J  and  may  octMir  alone  or  in  association  with  thielcening 
of  the  peritoneimL  Kcference  will  Ijc  made,  in  the  discussion  oi' 
diseases  of  the  pcritoueimi,  to  a  special  form  of  Iivjk  qjlastie  peri- 
hepatitis— that  known  as  the  Ziu-ktrgut^lvber  of  C'urschmann. 


HYPERTROPHV, 

The  regeneration  after  injuries  of  the  liver  shows  the  power  of 
the  liver-cells  to  undergo  active  multiplication.  Not  rarely  active 
hyperplasia  of  liver-cells  throughout  the  entire  organ  may  occur 
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in  asscM^iation  with  other  diseases,  Dotahly  hypertrophic  cirrhosis. 
A  simple  hypcrtropliy  of  tlie  liver  also  occurs  in  certain  well- 
developeJ,  robust  individuals*  Enlargements  of  the  liver  for* 
merly  n?garded  us  hypcrtropljies  are,  for  the  most  part,  due  to 
pathologic  conditions. 

RUPTURE  OF  THE   LIVER* 

Rupture  niay  CM_'cur  from  direct  tmumatie  Injiins  and  is  par* 
ticuhirly  coninion  in  tlic  new-born  when  fc*rcil)tc  delivery  has  been 
neeesi^iry.  In  the  latter  eases  small  injuries  with  seeoodarv  hem- 
orrhagic infiltration  are  observed  near  the  surface  of  the  organ. 
Portions  of  liver-(^ells  may  be  loose  net!  and  may  be  carried  as 
emboli  to  thr  lungs.  The  injury  is  repaired  by  active  liyperplasia 
of  the  livcr-ccUs  and  of  the  bi!iarv  L-apillaries^  and  in  this  manner 
the  atfetied  part  utay  be  rcston^^d  without  the  developnient  of  SL^r^ 
tissue.  Large  injuries,  however,  occasion  the  formation  of  cica- 
tricial tissue, 

INFECTIOUS  DISEASES. 

Tuberculosis  may  occur  in  the  form  of  minute,  translucent, 

miliary  tuberrles,  wfiich  nuiy  be  scarcely  visible  to  the  miked  eye 
(Fig.  l!r)5).  or  in  ih*^  form  of  larger  fov].  Tuberculosis  of  the  liver 
is  always  a  seeondar)*  disease.     The  tubercles  arise  in  the  inter- 


^■' 


Flo.  255,— MUiary  tuUi'tclca  in  thu  ilvcr. 

lobular  tissue  or  from  the  acini  themselves.  The  larger  caseous 
tubercles  are  rare  ;  thev  may  he  associattMJ  with  diifuse  i'irrhotie 
contraction  of  the  organ.  Miliary  tuberculosis  of  the  capsule  of 
the  liver  not  rarely  occurs  in  tuberculous  peritonitis. 

Syphilis  is  met  with  in  the  form  of  diffuse  infiltration  and 
cirrhosis,  or  in  the  form  of  gummata.     Either  of  these  varieties 
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may  be  found  as  a  result  of  acquired  or  of  hereditary  syphilis. 
In  the  diffuse  form  tlje  liver  presents  raueh  the  same  appear^ 
ances  as  in  atrophic  eirrhosis,  hut  ttic  eooneotive-tissue  Bauds 
are  much  more  pronoiuioed  and  the  h\'er  is<  prone  to  be  Irregu- 


—,'>]. iiilitii'  clrrhi.isla  of  tin-  Jivrr:   iubultttcd  liv*.r    Kast  aii4  lUiiiipLli 


larly  contracted  and  lobukted  (Fi^,  256).  GiminuUa  may  occur 
in  jiuy  jmrt  of  tlu?  ctrgan^  and  may  be  sirijfk*  or  undtiple,  j>re- 
senting    tlicmsclvci^    as    roimdcil,   yellowiVli,    or   ^myi,sh    ma.-mjs^ 


*«-*jP 


Fig.  2R7.— iJu:, 


„^t  nllAl  syphlUa  of  th*-  Hver. 

t 


ofttimes  showing  central  necrosis  and  .surro»ndc<l  hy  eonnective- 
tisiJiue  h}T^erpIas(a  (Fig.  106).  Complete  cicatrization  may  lead  to 
decided  sear- formation.      In  addition  to  these  forms,  cong(*nital 
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fivpiiilis  may  manifest  itself  in  the  form  of  a  uoiforiii,  diffuse  con- 
nective-tiji^ue  liy}K*rplasia  aivrl  rotind-cell   iiifiltnitiim.     The  liver- 
cells  are  piLshod  apart  ami  are  ill-<leveloptHi  i>r  atrophic  (Fig,  257). 
XrCprasy  ot'easifmally  affects  the  liver,  camming:  the  formation 

of  niMlular  masses. 

TUMORS. 

Plbrontata,  lipomata,  and    myomata   are  wcasionally 
ol)Herved  a.s  nmlular  ma^.ses,  but  have  littlt-  sig^nificance. 

Angntoma  is  a  more  !nij>ortant  form.    Thi^  tumor  occurs  upfni 

the  surface  of  the  orpan,  ami  ie  uj^iially  of  Fniall  size,  rarely 
exceeflinf;  that  of  a  walnut.  It  h  more  coninionly  found  in 
pcrscHiM  who  have  dic^rl  at  aflvaneed  ycarsi  than  in  youn^  peivoni^. 
AnjLrirmiata  appear  as  dark-red  nr  lilnish,  slightly  elevated  aroae, 
either  sharply  outlined  and  etiea|jsnlatedj  or  mergintr  gradually 
into  the  snrronnding  tisstie.  Microseopieally  they  are  i'ound  to  he 
i^avernfais  angioniata,  ant!  doiihth*?*s  owe  their  origin  to  dilatation 
t»f  the  eapillarirs^  with  eotnei^Ient  atrt*phy  of  the  liver-cells. 


Ftf}.  26e.-<!lrrh9tlQ  imncer  of  Ibi;  liver  (Ifanot  and  OUbeft). 

Sarcoma  of  the  liver  may  occasionally  be  primary,  but  h  ex- 
ceedingly nire,  SrcMiiiilmy  sarcoma,  on  tlie  other  [land,  i.s  verv 
civmmon»  especially  tlie  tHclanotic  form  following  primary  ««arcoma 
of  the:  eye. 

I^ymphadenomata  aiv  fivcpient  in  tlie  liver  in  the  course  of 
the  genemlization  of  leukemic  lymphatlenonia  ;  but  it  has  not  as  yet 


/ 


Section  thnmirh  n  Inrge  nodule  of  stirccHtui  i>f  \W  livi^r,  sthowin^  tbe  pmcti- 
cullv  normal  liver-?* ub^ttinc«  «bove,  unci  the  htirt'iunu  with  ft*ntml  ftoft<Miing 
b<?luw. 
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been  fully  detorniinetl  t^  what  extent  theFe  aro  to  be  congidored 
as  true  tunun^,  and  to  wlmt  extent  as  mere  infiltmtions  of  leiiko- 
eytes  eonsecjueiit  upon  tlie  enonnmis  leukocytosis  of  this  disease. 
Siuiilar  lyniphomatous  nodulps,  thoutrli  much  less  marked  and 
niimennis,  o<^eur  in  typhoid  fever  and  other  infectious  diseases. 

Adenoma  of  the  liver  is  met  with  in  several  forms.  There 
may  be  either  nodular  luasses,  more  or  less  eneapsu fated  and  of 
^niyish-wliitr  or  pinkis)^  eolor,  t»r  a  fonn  of  ditfusL'  inHltmtinn  of 
the  liver-sul»stanfe  by  enntpsulated  nc»dules  of  sirnihir  eharaeter, 
<  \insiderable  eirrhosis  of  tlie  livrr  juay  he  asswnated  with  the 
latter  eases,  and  they  eannot  l)e  elearly  distingnished  from  eir- 
rhcfctie  eaueer  {see  behiw). 


Fta,  '2^9— Met««UtIc  iicidulc«  of  carcluoma  nti  ttu*  iturfaf'e  of  thf^  liver  (Hatiot  and  Gilbert). 

Carcinoma  of  the  liver  is  rather  rare  jus  a  primary  tinnor,  but, 
like  a<lenoiiut,  may  be  nodular  or  ditfuse.  The  no(fi(f(ir  nr  mamirt' 
t'tiiwer  appears  as  a  single  mass  <if  varying  size,  oft  times  snr- 
rounded  Uy  hwal  metastatie  nmlules.  On  seetion  the  eolor  is 
grayish  ur  pinkish,  and  there  may  be  central  neerosis  auti  soften- 
ing. Dlff^ni^f'  fiepath*  vanrrr  cweurs  as  a  widespri'ad  and  more  or 
less  miifonulv  distrihufiMl  inliltratint*;  gn»wtlu  JNot  rarely  in  sneh 
eases  lliere  is  associated  eirrhosis,  and  tht^  ioac*ros4'opir'  aj^pearanee 
of  the  liver  rnay  be  strikingly  like  that  oi"  an  ordinary  eirrhfisis, 
though  the  liver  is  sometimes  muesli  enlarged  (Fig.  258).  The 
terms  ein'hoite  i*aneer  and  tvntrrr  itith  virrhoHi^  have  been  applied 
to  this  form.  Finally,  the  diffiise  ft>rm  may  surround  and  spring 
fn)m  the  perijmrtal  striietun^s,  and  may  ramify  in  t!ie  form  of  an 
interlobular  in  titration. 

Formation  and  Structure  of  Adenomata  and  Carcinomata. — 
Mieroseopie^dly  there  is  no  sharp  dividingdine  In^tween  these 
growths.     The  adenomata  present  tubular  ibrmations  of  a  more  or 


614  TEXT'BOOK  OF  PATHOLOGY. 

less  elongated  and  tortuous  character,  composed  of  cylindrical  or 
of  more  irregular-shaped  epithelial  cells.  In  some  instances  these 
are  strikingly  like  new-formed  biliary  capillaries,  and  ])erhaps 
they  occasionally  originate  ironi  these  structures.  More  com- 
monly, however,  the  origiu  would  seem  to  be  from  the  hepatic 
cells  themselves.  The  columns  of  hepatic  cells  undergo  prolifera- 
tive change,  and  at  the  same  time  become  somewhat  transformed, 
assuming  the  tubular  arrangement  of  adenoma.  Occasion- 
ally adenoma  and  cystic  adenoma  originate  from  the  mucous 
glands  of  the  larger  biliary  ducts.  When  cirrhosis  is  associated 
with  adenomatous  proliferation  it  is  probable  that  the  primary 
change  is  a  cirrhotic  overgrowth  which  induces  secondary  hyper- 
plasia of  the  epithelial  cells,  instead  of  degenerative  changes,  such 
as  usually  result  from  the  pressure  of  new-formed  fibrous  tissue. 


ff' 


Fig.  2f>0— Secondary  oancer  of  the  liver :  a,  columns  of  liver-cells  filled  with  bile-pipj- 
Tnent;  6,  endothelial  walls  of  capillaries;  r,  carcinomatons  emboli  in  the  capillarie.s 
(Hanot  and  (Jilbert). 

Carcinonui  of  tlie  liver  is  similar  in  ori<j^in  and  strneture  to 
adenoma.  The  cellular  acini  and  tubules  are  more  irretrnlar,  and 
there  is  an  evident  tendency  to  diffuse  infiltration  and  atypical 
formation  of  acini. 

Secondary  carcinoma  of  the  liver  is  very  common  as  a 
result  of  carcinoma  of  the  stomach  or  of  other  parts  of  the  portal 
distribution.  It  is  usually  due  to  cancerous  embolism  in  the  por- 
tal capillaries,  with  subsequent  development  of  the  emboli  (Fig. 
260).  The  liver  becomes  enlarged,  and  presents  nodular  masses 
upon  its  surface  or  within  its  substance.  These  nodules  varj- 
from  the  size  of  a  pea  to  that  of  an  apple,  and  are  fre(\\ieutl>' 
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embed<]e(!  [ii  more  or  less  firm  L'onnective-tissiie  (Fig,  262). 
KehitRK'occ US-cysts  umy  rupture  into  the  abdomen  or  into  sur- 
rounding viscera.  The  most  serious  conditio  a  is  rupture  into  the 
veuii  ca%^a,  as  the  result  of  which  hydatid  disease  of  tfie  hearty  the 
bniinj  or  other  or|ifiius  may  ensue.  Bacterial  invasion  oecasionallj 
takes  phice,  and  ubs4:'css  may  result.  Finally,  tlie  liqui<l  eont-t^nt^ 
may  be  abgorbed,  an<l  the  cyst  may  be  red  need  to  a  small  cavity 
having  a  shrivelh*<l  wall  and  containing  granular  or  caseous 
dctrttus  (Fig.  263).  Eehinoc^jccus-i^ysts  may  press  uprm  the  gall- 
duct,  prixlucing  jaundice,  or  upon  the  portal  veins,  causing  ascitea. 

THE   BILIARY   DUCTS   AND   GALL-BLADDER. 

INFLAMMATIONS. 

Cholangitis^  or  inflammation  of  the  hlliary  dticts,  is 

most  frequently  secondary  to  duodenal  catarrh,  thou;^h  it  may  be 
the  esult  of  direct  irritation  by  gall-stoneH,  by  foreign  bcKliea 
which  have  entered  from  tin-  inter^tinc,  or  by  parasites  or  bacteria. 
In  the  cji.ses  secondary  to  duodenitis  tlie  inHauHoation  usually 
extends  but  a  short  distance  upwanl  from  the  niouth  of  the  com- 
mon bile-duct,  but  there  may  sometimes  be  more  extensive  in- 
volvement of  the  <lucts,  and  the  mucous  membnine  of  the  ^11- 
bladder  may  be  affected  at  ttie  same  tim<\  The  mucosa  is  swollen, 
more  or  less  edematous,  and  Beeretes  abundant  niueus.  Tlie  result 
is  obstruction  of  tlie  duct  with  retention  ol   bile  and  jaundice. 

Stlppurative  cholangitis  may  occur  as  an  independent  con- 
dition in  cunsc<|ucnee  of  certain  infectious  diseases,  but  is  more 
commonly  sec4»ndary  U*  obstruction  of  the  conmion  duct  or  liepatie 
duct  Bacterial  invasion  from  tlie  intestine  or  tlirough  the  blood 
causes  dccitmiTosition  itf  tlie  rctuined  l>ile  luul  intlammation  of  the 
ducts.  Sometimes  supi>unitive  cliolan^itis  results  from  the  rupture 
of  an  abscess  of  the  liver  into  the  bile-ducts.  The  assfK'iation  of 
cholang-itis,  simple  or  suppurative,  with  typhoid  fever  is  of  con- 
s i d erab  1  e  el  t  u  i ea  1  i  n  t e rest .  A  m ong  1 1 1  c  m i c n  mj rga  n  i sm s  d  i bca j v cred 
in  suppurative  cholangitis  the  pyt^geiiic  mienK-oeei  and  the  liaeilhis 
coli  communis  are  most  frequent.  The  biliMbiets  are  fillet!  with 
more  or  less  decomposed  bile,  or  with  puriform  Jiquid,  aiul  the 
walls  of  the  ducts»  especially  tlie  hirger  ones,  may  present  an 
ulcerated  or  necrotic  ap(>earanee*  Small  dilatations  may  occur  in 
|>laces  where  the  duct  hns  become  deeply  idcerated,  and  later 
hepatic  abscesses  of  considerable  size  may  form. 

Chronic  cholangitis  may  be  the  outcome  of  an  intense 
acute  or  repeated  acut^^  attacks,  but  is  more  comnumly  met  with 
as  a  conscquenf*e  of  chronic  obstruction  ol'  the  ducts  and  retention 
of  bile.  A  localized  form,  t^usin^  cicatricial  stenosis,  n^^sults  from 
intense  inflammatory  lesions  Ibl lowing  the  passage  of  stones.    The 
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The  FoMciftta  hq^aOca  and  the  DierocKxiium  lanttaJtum  occasioii- 
allf  infest  the  biluiry  ductei,  and  the  SdnMosomum  hetmatobivm  the 
portal  vc'in.  A9ocuride9  Bometiiiiea  creep  upward  in  the  biliaij 
itoetn  an  far  a^  the  bnuiebes  within  the  liver.  The  Qftiieenm 
edlulome  is  a  rare  paiaaitic  formation. 

EtJunocoeem  cy^t. — ^The  moct  important  parasitic  disease  of 
the  liver  is  the  echinocooct»-cTFt,  cauBed  by  the  presence  of  the 
lar\*ie  of  the  Ticnia  eehinococcus  (gee  Part  I.).  This  parasite 
occaaioiie  cyniu^  fomiations  of  various  kinds  within  the  liver.  The 
cgrst  has  a  iiouble  wall :  the  outer^  of  connective  tissue ;  the  innery 


a  parcnrliynintoiis  nienibnuif,  i'mm  whieh  bud 8  flirood^capsuleg') 
and  Beroncliin'  evHts  are  prone  to  originate.  There  may  be  a 
Hingle  cyht  rrmtaiiiin^  clear  liquid  of  low  specific  gravity,  or  a 
motber-i'yfit  (■ontuiiiing  daughter-cyst?^  cither  upon  tlit*  inner  wall 


Fi«.  388,— Kflil«oi'O0«>ns-t'yBt  of  the  liver  (froi 


tlRi  Miibt-iiiii  of  IhP  Phila- 


or  floiiting  free  within  the  liquid  after  their  separation.  Sorae- 
tinie.s  i'Vi'u  jrjrniuldau^^htcr-cysts  are  formed.  Ocf^siomilly  the 
daujjIitor-i'VMtH  arr  fnuinl  outside  of  the  luoiher-H'ys^t,  extrusion  in 
j^noh  ea>*c*^  luiving  taktm  place.  A  form  i»f  multilocular  cyst  is 
more  rarely  ob?*erv«Ml  in  which   then*  are  numemiiB  small  cysts 


DISEASES   OF   THE   aASTHO-INTESTISAL   TRACT,        617 

embedded  in  more  or  less  firm  connective- tissue  (Fig.  *2B2). 
KehinutHX^cuS'cysts  riuiy  rupture  into  the  abdomen  or  into  sur- 
rouudiDg  viscera.  The  most  serious  condition  is  rupture  into  the 
vena  cava,  as  the  residt  of  %v!iieh  hydatid  disea.se  of  the  heart,  the 
brain,  or  other  organs  may  ensue.  Bateterial  invasion  iK-easionally 
takes*  phice,  and  abscess  may  result.  Pinally,  the  liquid  contents 
may  lie  aljsc^rbed,  an*!  the  cyst  may  l)e  redueed  to  a  small  cavity 
having  a  shrivelled  wall  and  containing  granular  or  c^*;cous 
detritus  (Fig.  263).  Echinocijccus-in'sts  may  press  upon  the  gtill- 
duct,  producing  jaundice,  or  ujKiU  the  portid  veins,  causing  a^ites. 

THE   BILIARY    DUC 1 S   AND   GALL-BLADDER. 


I 


INFLAJHMATrONS. 

Cholangitis,  or  inflammation  of  the  biliary  duets,  is 

most  fref(uent!y  secondary  to  duodenal  catarrhj  though  it  may  be 
the  esnit  of  ilirret  irritation  by  gall-stones,  by  foreign  bodies 
which  have  entered  from  the  intestine,  iw  by  parasites  or  bacteria. 
In  the  e^as^'s  secondary  to  duo<letjitis  the  inflammation  usually 
extends  but  a  short  distx\nee  upward  from  the  mouth  of  the  com- 
mon bile-<hict,  but  then:*  may  sometimes  be  more  extensive  in- 
volvemc^nt  of  the  ducts,  and  the  mucous  membrane  of  the  gtdl- 
bladder  may  be  affected  at  the  same  time.  The  mucosa  is  swollen^ 
more  or  less  edenmtous,  and  secretes  abundant  mucus.  The  result 
iM  obstruetion  of  thr  duct  with  retention  of  bile  and  jaundice. 

Suppurative  cholangitis  may  occur  as  an  inde]>enilent  con- 
ditirui  in  ecmsccjucnee  of  certain  infectious  diseiiscSj  but  is  more 
conmionly  secondary  to  obstruetitiU  of  the  common  duct  or  hepatic 
duet.  Ikcterial  invasion  from  the  intestine  or  through  the  bhMKl 
causes  decomposition  of  the  retained  hilr  and  inflammation  of  tlie 
ducts.  Sometimes  suppurative  cholxingitis  results  from  the  rupture 
of  an  absee.->s  of  the  liver  into  the  bile-ducts*  The  ass(.>ciation  of 
eholangitis,  simple  or  suppurative,  with  typhoid  fever  is  of  con- 
sidenible  elinieal  intert'st.  Among  the  micrtvorganisms  discovered 
in  suppurative  eiiolangitis  the  py<jgen!c  micnH'twei  and  the  Bacillus 
<'oli  communis  iim  most  trcqticnt.  The  bile-duets  are  tilled  with 
more  or  less  decomposed  bile,  or  with  puriform  liquid,  anrl  the 
walls  of  the  duct,?,  especially  the  larger  ones,  may  presc^nt  an 
ulcerated  or  necrotic  appearance.  Small  dilatations  nuiy  occur  in 
places  where  the  duct  has  become  deeply  nh-erated,  and  later 
he  patie  aliseesses  of  roTjsiih-nible  size  msiy  form. 

Chronic  cholangitis  may  be  tla"  outcome  of  an  intense 
acute  or  repeated  acutv  atta<vks,  hut  is  mon^  i-ommonly  met  with 
as  a  consequence  of  chronic  obstruction  of  the  ducts  and  retention 
of  bile.  A  lot*alii5*Hl  form,  causing  cicatricial  stenosis,  results  from 
intense  inrtannriatorj^  lesions  tbllowing  the  passage  of  stones.    The 
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gall-ducts  in  chronic  cholaiigitiB  are  more  or  Iobs  thickeued,  aud 
in  the  casi\s  due  to  ohstniction  may  be  considerably  dilated. 

Eesolts  of  Cholangitis. — In  the  acute  form  extension  may  take 
place  to  the  ducts  within  the  liver,  antl  in  case  of  bacterial  in- 
vEii^ion  ptTifiholangitis  and  abscesses  may  form,  IMore  commonly 
acut4?  eholafigitis  leads  to  but  a  tenifMjrar}^  ovt^rfiUing  of  the  biliary 
capillaries  with  bile,  and  in  e<»nHcqucnce  to  obstructive  jaundice. 
When  the  obstruction  is  continued  for  a  considcnible  length  of 
time  reactive  changes  occur  in  the  liver,  constituting  the  form  of 
cirrhosis  calle<l  biliary  eirrlufsis  (see  page  60^). 

Cholecystitis,  or  inflammation  of  the  gall-Madder, 
may  result  fmm  extension  of  chohnigitis,  or  mav  be  due  to  the 
irritation  of  retained  bile  or  of  gall-stones.  It  is  a  fairly  common 
sequel  of  typhoid  fever,  and  the  typlioid  l>acillus  has  been  found 
in  tile  couteuts  of  the  gall-bladder,  sometimes  a  considerable  time 
after  the  original  infection  had  subsided.  It  is  prone  to  assume 
a  purulent  character;  and  the  gall-l>Iaddcr  may  become  filled 
with  pus  (empiiema  of  the  f/fili-f/iiiiftlct').  Tins  may  rupture^  dis- 
charging into  the  abdominal  cu%'itv,  into  adja<H*nt  viscera,  or  ex- 
ternal ly.  The  wall  of  the  gidl-bla<ldcr  is  usually  much  thickened, 
and  the  mmrons  menibntnc  is  swollen  and  ulcerated. 


STENOSIS  AND  DILATATION. 

Stenosis  of  the  bih^-iluets  is  most  commonlv  the  result  of 
acute  iuHammation,  causing  thickening  of  the  mucosa  and  ac- 
cumulation ijf  mu(*ns.  It  may  result  from  chronic  cholangitis 
with  eicatricial  o\^ergn>wtfi  of  eouneetive  tissue ;  from  the  impac- 
tion of  galbstones,  or  the  presence  of  various  foreign  hiKlies,  such 
as  particles  eif  food,  mucus,  r(Mmd-\vorms  or  other  piirasitcs  within 
the  duet;  from  p^e^ssuTe  by  aneurysms^  by  tuiufirs  (if  the  head  of 
the  pan<  ivar^,  pybvniSt  duotieuuin,  lymphatif  glands,  t>r  of  the 
liver  ;  and  from  tumors  of  I  lie  gtillHlucts  themselves,  iSomctimcs 
it  is  due  to  the  constriction  of  adhesions  resulting  frtmi  peritonitis. 
Obstruction  of  the  duets  leads  to  thv  ret(*ntion  of  bile  and  dilata- 
tion of  the  ducts  above,  with  consccjuent  enlargement  of  the  liver 
and  jaundice.  Obstruction  of  the  cystic  duel,  which  is  most  fre- 
quently due  to  the  impaction  of  a  stone,  may  oi*casion  dilatation 
of  the  gall-bladder  with  dropsical  liquid,  in  consequence  of  the 
passive  hyperemia  produced  by  comprt\ssion  of  the  veins  at  the 
neck  of  the  gall-blaAler.  This  condition  is  spoken  of  as  dropay 
of  the  ffaU-bfaddn-.  Sometimes  suppurative  inflammation  occurs, 
and  empyeuui  of  the  gall-l>lad4h*r  results. 

Contractioii  of  the  gall-bladder,  or  even  complete  shrink- 
age or  atrophy,  may  result  from  oljstruction  at  tlic  mouth  of  the 
cystic  duct,  or  from  inflammatorj'  proce^saes  within  its  walls  or 
surrounding  it. 
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Dilatation  of  the  ducts  or  of  the  gall-bladder  most  frequentiy 
resnlts  from  any  stenosis  of  the  ducts  below. 

aALL*STONESj    CHOLELITHIASIS. 

Gall-stones  are  conrretion.^  resultinu;  from  inspissation  of  bile, 
or  from  tin*  dL'p(vsit  of  varirms  wtibstanees  from  the  bih_\  Most 
frequently  they  are  formed  in  the  gall-bladder ;  occasionally  they 
oripnate  m  the  bileHlucts. 

Etiology P^The  causes  are  imperfectly  underst<>o<l.  Ad- 
vanced years,  the  female  sex,  sedentary  life,  and  high  living  seem 
to  be  factors  of  importance.  Inflammatory  conditions  leatling  to 
obstruction  and  retardation  of  the  outflow  of  bile,  and  also  to  des- 
quamation of  epitheliinn,  whielj,  with  miiciLS  serves  to  form  the 
nuclei  of  the  stoni'w,  «wnn  to  be  among  tlie  causes.  Besides  these 
conditions  there  are  probably  inile finite  altcnitions  of  the  bile 
which  permit  of  precipitation  of  j^ome  of  its  constituents,  notably 
cholesterin.  Bacteria  play  un  important  role  in  many  eases.  The 
bacteria  may  by  their  precipitation  and  clumping  form  the  nucleus 
of  a  stoncj  or  nuiy  occasinn  dccomjMisitiou  of  the  bile  iind  iuHani- 
niation  of  the  <luc^ts.  r>cst|iiauuitefl  e[Htlielia]  cells  and  jirotlurts 
of  decorri[Misition  tjf  the  Ijile  in  the  latter  ease  ftirni  the  nucleus  «*f 
the  gall-sioiir,  Amont^  other  miero-organisnis  the  typhoid  baeilhis 
is  of  etiohigio  importuuee, 

Stmcttire  and  Patliologic  Anatomy,— Gall-stones  may 
he  single  or  multiple,  iind  may  vary  in  size  fniru  minute  granular 
particles  of  biliary  sand  to  calculi  several  reutimeters  in  diameter. 
When  single  they  occur  as  rounded  or  oval  masses  ;  when  multiple 
they  are  prone  to  be  marked  with  facets  ;  when  formed  within  the 
bile-ilucts  they  are  elonguted.  Biliary  sand  is,  fur  the  most  part^ 
eomjxised  of  biliary  pigments  in  eonibiuatinu  with  calcium  sidts. 
Tlie  larger  stomas  on  section  Ufsually  show  a  central  nut^leus  com- 
j>08ed  of  epitht'lium  ur  mucus  mingled  with  inspissated  bih%  sur- 
ronndtHl  by  a  zone  eif  somewhat  radiating  and  crystalline  striietiirc, 
composed  of  clu>lesterin.  Around  this  may  be  a  coat  of  biU^-pIg- 
ment.  In  other  cases  the  entire  stone  is  formed  of  biliary  pig- 
ments in  combination  with  calcinm  salts,  or  more  rarely  the 
calculus  consists  entirely  of  carbonate  of  lime. 

Gall-stones  may  lie  in  the  gall-bladder  or  ducts  without  caus^ 
ing  serious  disturbances,  or  from  time  to  time  attacks  of  biliary 
colic  d*enote  their  psissage  through  the  ducts  to  the  bowel.  They 
may  pass  through  the  ducts  into  the  intestine  when  of  small  size, 
but  often  beeome  impacted  in  the  lower  part  of  the  common  duct, 
generally  just  above  the  duodenal  pa  pi  I  he  or  in  the  mouth  of  the 
cystic  duct.  Secondary  changes  in  the  gall-bladder  (dilatation  and 
inflammation)  and  in  the  liver  (enlargement,  cirrhosis)  may  result ; 
and  the  stone  may  e^mse  local  ulceration,  and  may  finally  escape 
into  the  bowel  or  into  other  parts  by  ulceration.     Occasionally 
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gall-stonoi?  remain  impaetcHl  for  long  periotls  without  causing 
&eriuiis  disturbances,  eoough  space  rematniDg  to  permit  the  es- 
cape of  bile. 

TUMORS. 

Tumors  of  the  gall-ducts  and  n;all-hl{idder  are  rare.  Primavi/ 
rarcinorna  arising  from  the  mucous  glands  is  the  most  important. 
This  appears  as  an  irregular  elevation  of  the  mucous  surface,  and 
rapidly  infiltrates  the  adjoining  parts.  In  cas^^sof  primary  cancer 
of  the  gall-blailder  the  liver  is  soon  involved.  Gall-stones  are 
present  in  a  great  majority  of  the  eases  and  probably  play  an  im- 
portant etiologic  part  by  their  continuous  irritation.  On  the  other 
band,  the  gall-stones  may  form  in  coiiscquen(!e  of  the  stagnation  of 
bile  and  other  local  4"ondition6  caused  by  the  tumor.  Secondary 
rarehioma  of  the  gall-bladder  or  ducts  most  fifquently  results 
from  cancer  of  the  liver.  The  lower  end  of  the  duet  may  be  in- 
volved in  cases  of  carcimmia  of  the  papilla  of  Vater.  $Sareoma, 
JibromUy  and  other  tumoni  are  rare. 

JAUNDICE. 

Jaundice,  or  icterus^  is  a  discoloration  of  the  skin  and  other 
parts,  resulting  finm  the  presence  in  the  blood  of  Itiliary  pigments. 

Etiology .^ — Jaundic^e  lias  been  described  as  being  of*  two  forms, 
the  obstnictive^  mechaitieaf,  or  h  fpatogenons^  mii}  the  lion-obstrudive  i 
or  hematogenouif  variety.  This  distinction*  however^  has  been  to 
a  large  extent  abandoned,  and  it  is  now  admitted  tliat  the  abnor- 
mal coloring-matter  in  all  cases  originates  in  the  liver,  and  is  in- 
variably a  hepatic  pigment. 

Among  the  distinctly  mee ha niea I  causes  of  jaundice  the  most 
fre<juent  is  occlusion  of  tlie  ducts  by  catarrhal  duodenitis  and 
cholangitis.  To  this  form  the  term  vaiarrhal  jamuUcf  is  generally 
applied.  Less  commonly  ultst ruction  may  be  occasioned  by  for- 
eign bodies,  gall-stones,  or  pamsites  within  the  ducts;  by  the 
pressure  of  tumors  of  the  duodenum,  pancreas,  and  the  lymphatic 
glands  of  the  liver  or  of  the  g-all-ductvS  themselves  ;  by  the  press* 
ure  of  aneurysms  upon  the  ducts  ;  or  by  occlusion  of  the  luliary 
passages  within  the  liver  by  abscess,  hydatid  cysts,  hypertrophic 
cirrhosis,  carcinoma,  or  other  tumors.  Ctmgestion  of  the  liver 
may  lead  to  jaundice  by  the  swelling  of  the  organ  const/quent  upr>n 
the  overfilling  of  the  vessels  with  blood,  or  by  reason  of  tlie  re* 
sorption  of  bile  due  to  the  altenitiuos  uf  pressure  of  the  blood  in 
the  ditfereut  vascular  channels.  HetuatogeuoUK  jaundice  was  for- 
merly regarded  as  due  to  disintegration  of  the  blood  in  the  gen- 
eral circulation,  but  it  is  now  recognized  tliat  formation  of  the  pig- 
ments can  take  place  onl\'  in  the  liver.  There  are,  however,  in- 
stances of  jaundice  in  wiiich  active  hemntysis  is  an  element  of 
imp^rtauce.  Jaundice  of  this  chamcter  occurs  in  various  severe 
infections,  such  as  yellow  fever,  acute  yellow  atrophy  of  the  liver. 
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the  jaundice  of  the  new-lmriij  and  hi  eoiiseqiieiK»e  of  certiiiii  iiH 
toxications  (plio.spliorus,  toadstools,  the  %'enoni  of  snakes).  Hev(*ml 
explanations  may  he  applied  to  cases  of  this  kind,  Stmietime.s 
excessive  blood -destruction  leads  to  formation  of  abnormal  fy  large 
quantities  of  bile  (jjohfdtoiia\  and  in  eonseqnenee  t^j  ab;*urntioii 
of  hilijiry  pigment  by  the  lymphatics  in  the  liver.  It  is  believed 
by  some  investigtitors  that  the  hepatic  cells  may  in  some  condi- 
tions reverse  the  direction  of  their  secretion,  so  tliat  the  bile  is 
I  discharged  into  the  lymphatic  current  instead  of  into  the  biliary 
'  «ipillaries.  This  view  needs  ronJirmation.  In  <»t her  cases  toxic 
degeneration  of  the  he[>ati€  cells  may  lead  to  stimulation  of  the 
hepatic  fnnetion,  or  to  swelling  of  the  cells  and  compression  of  the 
biliary  capillaries,  and  in  consequentM"  to  al)sor|ition  of  the  liilc. 
Finally,  in  the  jaundice  of  the  new-born,  as  well  as  in  si>me 
instances  of  sudden  eTnotional  janndice^  disturbance  of  the  cirt^ula* 
tion  within  the  liver  may  lie  a  p*jtcnt  cause. 

Pattiologic  Anatomy; — Micmseopie  examination  of  the  liver 
may  show  the  biliary  capillanes  dist^ndcKl  with  bile  and  the 
hepatic  cells  themselves  more  or  less  pigmented.  The  bile  is 
absorbed  by  the  lymphatics,  ami  nltimately  reaches  tht^  general 
circnhxtion  and  pigments  the  tissues.  The  earliest  evidence  is 
seen  in  the  intima  of  the  vessels  ;  later,  all  the  tissues  and  orgsms 
of  the  body  may  be  involved,  and  visil)le  discoloration  appears  in 
tlie  skin  and  external  mneous  mruiibranes.  The  urine  is  dark 
brownish  or  greenish  in  color,  and  ail  of  the  secretions  and  litpiifl 
exudates  miiy  be  pigmented.  In  cases  causcfl  by  obstruction  of 
the  bilc-<Iucts  the  bile  eatuiot  reaeh  the  intestines  auti  the  stools 
have  a  quite  cliamcteristic  pntty  eohvr.  In  **  liematogenous  *' 
janndice  the  color  of  the  stools  is  to  a  certain  extent  maintained. 
Intense  disturbances,  es|>eeially  «>f  the  nervous  system,  result  from 
excessive  cholemia^  but  are  (hie  to  the  cholie  acid  sidts  nither  than 
to  the  biliary  pigments. 

THE    PANCREAS. 

CONGENITAL  ABNORmALITIES. 

Complete  absence  lias  been  met  with  in  monstrosities.  More 
frequently  an  adventitious  pancreas  or  heterotopic  pancreatic 
tissue  is  observed.  Small  niKluleB  of  pancreatic  tissue  may  be 
found  in  the  omentum,  the  wall  of  the  intestines,  or  elsewliere. 


CIRCULATORY  DISTURBANCES- 

Active  hyperemia  occuis  during  digestion  and  in  association 

witli  acute  iuHanunation. 

Passive  hyperemia  occurs  in  cases  of  obstruction  to  the 
portal  circulation,  but  rarely  leads  to  notable  changes. 
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Hemorrliage  nmy  oeour  in  the  pancreas,  in  the  form  of 
minuk'  petet^hite  or  diffuse  hemorrhagic  infiltration,  af?  the  result 
of  [^.ssive  congestion  or  of  vanoiis  hemorrhagic  and  infectioua 
di&ease8,  such  m^  purpura,  scurvy,  septicemia,  or  the  extreme 
anemias. 

More  extensive  ht^morrhage  in  the  pancreas  and  in  the  tissues 
surrounding  it  sometimes  ot*curs  as  an  *' idiopathic  *'  affection,  the 
causes  being  obscure.  It  is  more  common  in  tJie  young  than  the 
old,  and  in  the  male  than  the  female  sex,  and  at  times  appeai*s  to 
be  dependent  iipm  traiimatisra.  Doubtless  iri  ,sonie  eases  the  hem- 
orrhage is  the  result  of  necrosis  or  other  pre-existing  affections  of 
the  pancreas  or  of  its  blooil -vessels.  The  changes  are  most  marked 
in  the  head  of  the  organ,  altliough  any  part  may  be  affected.  There 
may  be  diffuse  infiltRition,  or  the  hemorrhage  occurs  in  isolated 
foci,  OcLitsionally  cunsidcrable  collections  of  blood  may  be  met 
with,  and  secondary  reactive  inHanunation  and  necrosis  arc  fre- 
quently observed.  The  peritoneum,  the  wall  of  the  diKwIenum, 
and  otlier  surrounding   tissues  may  be  eoincitlently  involvc<h 

8udden  death  may  <K*eur  in  this  condition  from  shock  or  com- 
pression of  the  solar  plexus,  or  the  cas«^  may  terminate  in  other 
panereatie  affeetioni^.  Doubtless  chronic  indurative  pancreatitis 
originates  in  this  way  in  some  eases.  More  commonly  progressive 
necrosis  and  suppurative  inflammation  terminate  the  disease. 

ATROPHY  AND  DEQENERATIONS. 

Atrophy  of  the  pancreas  <^ccurs  in  old  age  and  as  the 

result  of  nuirasmic  conditions.  The  entire  organ  is  involved  in 
such  cases.  Localized  atrophy  may  be  associated  with  various 
degenemtioiis  or  other  tliscases  of  the  organ.  Thus,  in  carcinoma 
or  in  cirrhosis,  pn'ssnrc-a trophies  are  extremely  frequent. 

Parenchymatous  deg^eneration  juay  o<'cur  in  conscrjuence 
of  acute  infertinus,  and  rcsend^lcs  the  ch>udy  swelling  t if  the  liver, 
kiilneys,  au<l  heart  iK»curring  in  tire  same  dis<^ases.  Tlie  «»rgan 
becomes  souicw  hat  enlarged  ;  is  softer  than  normal ;  and  may  at 
the  same  time  be  congested. 

Microscoptcnlly  the  cells  arc  found  to  have  undergtaie  gmnular 
c  ha  ng(  ^  ( pa  re  u  r  ^  1 1  y  ma  toi  i  s  dege  n  era  t  i  <  i  n ) . 

Amyloid  degeneration  is  a  rare  condition  occurring  in 
assm'iation   with  amyloid  disease  of  ntlier  organs. 

Rgmentation  may  be  met  witli  in  the  atrophic  organ  of  old 
pers<jns,  or  in  consetjuencc  of  hemorrhagic  inhltnitiou  and  subse- 
quent disorganization  of  the  extra vasuted  blood.  Of  particular 
interest  are  the  cases  of  heifuifovkromatods  allecting  tlie  i>ancrt^as, 
together  with  the  intestines*  liver,  and  otlier  abdotniual  organs  in 
drunkanls.  The  affected  organs  in  this  eondition  present  more  or 
less  extensive  hematogenous  pigmentation. 

Necrosis  <>f  small  areas  of  the  pancreas  may  occur  in  conse- 


DISEASES  OF  THE  O ASTRO-INTESTINAL   TRACT.        023 

f|iu'iK'e  of  hemorrhage  or  of  itiHanimatory  t'oiiditionj^.  Sometimes 
the  entire  organ  is  disorganized  by  a  form  of  gangrenous  neerosiB, 
especially  in  ease  of  panereatitis  resulting  from  jK^rlbmtion  of  a 
gastrie  uleernr  fnim  extension  of  other  scvi-n*  inH;imni?itc*ry  lesions. 

Disease  of  the  Islands  of  tangerliaiis.^Tiie  ]>nnen  an 
normally  eontiiins  sniull  ef>lleetions  of  roimd  eelL-^  ditfering  very 
strikingly  from  the  true  panrreatie  eellg.  They  are  more  abundant 
near  the  tail  than  tl»e  hea<l  of  the  organ.  They  are  not  in  relation 
with  the  excretory  ilucts  of  the  orgtin,  but  rather  with  the  Ijlood- 
vessels,  and  are  sup|>osed  to  make  an  internal  seert^tion.  Atrophy 
ami  hyaline  degeiuTation  of  tfiesc  islrinds  have  heen  dej^crihed  in 
a*^.sociation  witli  chronic  interstitial  piuien^atitis  and  as  inih^prndent 
conditions*  The  relation  of  such  lesions  to  diabetes  is  discussed 
below. 

Fat-necrosis  is  a  form  of  degt^nenition  or  necrosis  peculiar 
to  the  fatty  tissue  of  the  panerwis  and  of  the  onientum.  Most 
frequently  it  is  found  in  asswiiation  with  acute  or  chronic  pancrea- 
titis, with  tumors  of  the  pancreas,  or  obstructioti  ol'  its  duet ;  but 
it  may  tK-eur  indepemleutly,  and  it  may  appear  in  the  fatty  tissue 
of  the  onu^ntum  withxHit  involving  the  pancreas.  Minute  foin, 
having  a  gray  t)r  white,  ojKioue  appeianmee,  or  more  rarely  larger 
areas  due  to  confluence  ot  small  foci  of  necrosis,  are  found 
in  the  adi [khc  tissues.  Hemorrhagic  infiltration  nxay  be  asso- 
ciated, and  sf>metimeH  extensive  liemorrhage  may  ensue.  Inflam- 
mation of  the  panercatie  tissues  around  the  foci  of  necrosis  is  com- 
mon,  and  in  sonic  instances  extensive  disorganization  (necrosis)  of 
the  pancreas  cicenrs, 

Mieniscopically  the  chan<2:e3  consist  of,  fii'st,  disintegration  of 
the  fut-drops  of  the  adijiosc  c<'lLs  with  lunoation  of  small  dro|dets, 
then  the  apparaut^c  ut'  hit-crystals  within  the  adipose^  cells,  and 
subsequently  the  iiisor|]^iniziition  ot'  thf  sc  anci  tlu'  tbrnuition  of 
calcium  salts  of  the  iat-acids,  the  nHcrosco]>ie  appearance  at  this 
stage  beiny^  tliat  of  indetinite  ^mnular  or  tninslueent  jmLsst^s,  The 
nature  of  fat-necrosis  has  been  prc*vionsly  discussed  (see  page  101). 


INFLAMMATIONS. 

Pancreatitis  may  he  acute  or  elmjnic.  The  acute  variety 
presents  itself  in  ditlereut  forms,  the  most  frequent  beinn  the 
hemorrhagie^  ami  the  Huj>purative  or  necmtic,  Chronic  pancrea- 
titis is  analogous  t<*  chrrmic  hepatitis,  and  leadti  to  similar  indura- 
tion or  cirrhosis, 

Acate  hemorrlLagic  pancreatitis  oin-urs  most  commonly  in  young 
persons,  and  is  prob:dily  in  most,  if  not  all,  cases  dependent  upon 
infection  of  tht^  jwncreas  throngli  itw  duet«.  It  is  likely  that  some 
cases  are  not  in  rtality  infiaumiatory,  bnt  sinijily  instances  of 
dc^nerations  of  the   pancreas,  with   liemorrliagr*  and  mund-eell 
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infiltration  as  coiipcquciices.  Tlie  paJicrcas  is  swollen,  especially 
at  it«  liead  ;  the  lobules  are  enlarged  and  the  interlobular  tissues 
CKimpressed.  Henaorrhagic  in fi I tratiim  in  a  constant  eondition,  but 
variable  in  extent*  Microscopically  the  eel  Is  of  the  pancreas  are 
swollen,  and  usually  presc^nt  the  appeu ranees  of  parenehynjatiius 
degenenition*  The  interlobular  tissues  are  inti United  with  round 
cells.  Loi'alized  necrosis  and  fat-iieenjsis  niay  l)e  ass<jeiated. 
Rapid  death  is  the  usual  consequence,  lint  it  is  probable  that 
some  of  tlie  eases  teniuoate  in  chronic  pancreatitig. 

Acute  stippurative  or  necrotic  pancreatitis  may  result  from 
direct  extension  of  septie  processes  in  the  neighhorliood,  as  in  gas- 
trie  or  duodenal  ulcemtion,  purulent  eijllections  in  tlie  peritoneum, 
and  the  like.  It  may  also  occur  as  an  independent  atlection,  must 
frequently  in  consequence  of  infection  from  tlie  intestinal  tmct 
tlirougli  the  ducts.  Occasionally  metastatic  aljscesBes  are  observed 
in  the  pancreas.  Hemorrhagic  pancreatitis  may  be  converted  into 
the  necrotic  form  in  consequence  of  extensive  extravasation  of 
blorwl  and  secondary  infect  it»u. 

lite  organ  presents  a  variable  appearance,  according  to  the 
cause  and  extent  of  tlie  process.  lliere  is  genenilly  marked 
B  welling  wit  It  niore  or  less  sottening,  and  not  rarely  nwrotic  frw^i. 
Complete  gangrene  or  necrosis  is  an  occasional  termination.  In 
other  cases  parts  of  the  pancreas  may  slough,  and  may  be  dis- 
charged  throngh  the  intestines  or  into  tlie  j)eritoneum,  setting  up 
fatal   peritonitis. 

Chronic  indurative  pancreatitis,  or  cirrhosis  of  the  ]>ancreafi,  may 
be  hematogenous  in  origin,  resulting  fnmi  syphilis  and  alcoholism, 
or  it  may  be  caused  by  prolcmged  irritation  exercised  thn>ugh  the 
pinereatic  duets,  in  eonseqm'uee  of  frequent  entrance  of  intestinal 
conicnts  ur  partial  stenosis  of  the  ducts.  In  tlie  latter  case  it  may 
be  secondary  to  duodenal  catarrhs  or  obstnietifms  of  the  paiKTcatic 
duct.      In  some  cases  it  is  doubtless  the  4»nteome  of  acute  attacks. 

The  pancreas  in  the  earlier  stiiges  is  enlarged  and  hard.  On 
section  it  may  present  a  homogeneous  structure  and  may  be  of 
cartilaginous  consistence.  Macroseopieally  the  tissues  Ijetween 
the  acini  are  visibly  infiltrated  and  hy|ierplastie,  the  amount 
of  connective  tissue  being  greatly  in  excess  of  the  normab  In  the 
later  stages  the  organ  becomes  contracted,  anrl  may  be  consider- 
ably reduced  in  size  and  of  stony  hardness. 

Microscopically  the  parcnchynia  of  the  organ  is  found  to  he 
atmphied  or  degenerated  in  consequence  of  cnntraction  of  the 
hy|K'rplastic  librous  tissue.  Fat-necrosis  and  fatty  degeueratioa 
of  tfje  panereatic  *"ells  are  frequently  associated, 

A  di^iinctiuu  has  been  made  between  intralubular  and  inter- 
lobular pancreatitis,  the  former,  by  entering  the*  lobules  themselves, 
being  said  to  cause  changes  in  the  islands  of  Langerhans  and,  there- 
fore, diabetes  more  readily  than  the  latter,  in  which  the  connective- 
tissue  overgrowth  is  confined  to  the  stroma  lietwecn  the  lobuleg. 


pliier>,  u*  jit  («),  It  ltivnking-<Inwnof  the  duct  and  tin*  s^umjuiidint^  ti^^up  ti*  Innn 
netrutic  iib8ce«g-<.'aviti«8. 


GttlUMutlfli^r  from  ras*'  i^f  iiuintic  L'li**leeyKiitirt  with  chokdithTttsis.  The 
intenor  of  the  trHll-hltidrkr  is  jibown  with  iu  nhbtnl  p^jjcrtion!*  and  intervening 
paucbeSf  in  whii-h  small  iind  large  ga]l-s;ton(?9  had  been  lodged. 
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Pathologic  Physiology  of  Pancreatic  Disease- — xlmoug 
the  more  or  ]eiis  iAinnirivTistlc  synapt<mis  of  pancn'iitic  dist^aw^  are 
fatty  diarrlica  {steatorrlH-a),  imperfect  dige^itirni  of  proteids  {irio- 
t(^rrlieii),  nipid  enmciatioii,  lipemia,  and  lipuria.  All  nf  these  resolt 
from  the  eessatitm  of  ]»aiK'n'atie  t^ecretion  and  eoiisequeiit  disturb- 
ances of  di^stion  aod  idisorption  of  ftxid.  None  of  them  is 
pathog^nomoide.  A  more  imjiortant  symptom  is  glycosuria,  and 
the  r6le  of  pancreatic  disease  in  the  patliology  of  dial>etes  is  a 
leading  one.  Atrophy,  cirrhosis,  can'inoma,  and  otljer  lesions  of 
the  organ  may  Ite  foun<l  in  diabetes.  Whatever  the  nature  of  the 
disease,  the  rrsult  seems  to  l>e  a  disturhani-e  of  an  internal  secre- 
tion having  imfMjrtanee  in  the  ronsiimption  of  sngar,  M'hen  tliis 
fieeretion  stops  or  diminishes  glycosuria  (»r  dialictes  results.  Recent 
investigations  seem  to  imlicate  that  the  islands  of  Langerhans 
(certain  <"olleeti(ms  of  round  cells  differing  fn mi  the  true  pancreatic 
cells)  are  the  source  of  tfu^  internal  seeretinrK  ond  that  disease  of 
these  islands  is  the  essential  lesion  in  *' pancreatic  diabetes/' 

INFECTIOUS  DISEASES. 

Syphilis  may  occur  in  ttie  pancreas  in  tlie  form  of  indurative 
pancreatitis  or  of  gummata.  The  former  may  occur  in  adults,  l)ut 
IS  more  common  in  the  new-born,  in  dissociation  with  inthirative 
changes  in  tlie  li\er,  lungs,  and  otiier  organ: 

Tfiiberctilosis  of  the  pancreas,  in  the  form  of  miliary 
tubercles,  may  occur  in  cases  of  generalized  tt.oerculosis. 


TUMORS. 

Primary  benign  tumors  have  occasionally  been  met  with,  but 
are  unimportant. 

Carcinonia. — Primary  canc^T  may  affect  the  iiead  or,  more 
rarely,  other  (>arts  of  the  pancreas,  ami  is  of  tlie  glandular  (seir- 
rht>us)  or,  mure  rarely,  of  the  cylindrieabeelled  variety.  Com- 
pression with  secondary  cystic  ilistention  of  tiie  pancreatic  duet 
and  obstruction  of  the  couiuion  bile-<lnct  or  of  the  veins  ( portal, 
superior  mesenteric,  and  splenic)  behind  the  head  of  the  organ  mav 
result.  Metastasis  to  the  neighboring  lymjjhatic  glands  and  to 
the  liver  is  frecpunit.  Secondary  cancer  juay  albi't  the  pancreas 
by  extension  cd'  eaneer  of  the  storaaeh  or  of  tliC  duodenum, 

Pathologric  Physiology. — l^ancreatic  carcinoma,  ami  other  chronic 
diseases  of  the  pancreas,  often  oeeasion  rapid  cnuiciation^  and  some- 
times fatty  diarrhea,  lipemia,  and  lipuria.  Reference  has  already 
been  made  to  the  ot'currence  of  diabetes  (glycosuria)  in  pancreatic 
diseases.  In  a  mechanical  way  cancer  of  the  head  of  the  pancreas 
may  cause  jaundice  by  obstruction  of  the  bile-«luets  ;  splenic  en- 
largement, intestinal  congestion,  diarrhea,  anc|  ascites  by  obstruc- 
tion of  the  adjacent  veins ;  rcpciited  vondting  anil  sometimes 
intestinal  ol>structiou  by  compression  of  the  duocJi-num. 
40 
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Sarcoma  is  rarely  priraaiy.  Secondary  nodules  are  occasion- 
ally ob,s*^rv6cL 

Cysts  of  the  pancreas  may  he  of  several  kinds.  Dilatation  of 
the  pancreatic  duct  or  its  l»ram"he8  may  occa.^ion  a  single  cyst  nr 
multiple  cysts  tilled  with  serouB  or  gelatinous  liquid.  Hemorrhagic 
cvst.'?  arc  aometiniCH  the  result  of  neerosi?^  of  portions  of  the  organ, 
or  a  hemorrliagi^  {lnMnatojna)  may  lie  lati.T  converted  into  a 
serous  cyst.  The  latter  is  the  mode  of  formation  of  some  of  the 
large  cysts,  occurring,  for  the  most  part,  nrar  tlie  tail  of  th<'  pan- 
creag.  In  other  eases,  it  has  been  held,  these  cysts  result  from 
primarv  necrosis  and  subsecineiit  digestion  of  the  necrotic  area  l>y 
the  pancreatic  secretions.  In  rare  instances  cysts  <if  the  pancivas 
have  a  glandular  structure  somewhat  resembling  that  of  ovarian 
cystoma  ta. 

Cystic  accmnulatioaB  in  tlie  lesser  omental  cavity,  resulting  from 
localized  [leritonitis^  may  he  ditlieuit  to  <listinguish  from  true  pan- 
creatic cysts,  as  some  of  the  latter  lie  more  outside  t!ran  within  the 
Eanercas.  In  some  iiLstanfes  sueh  IrMvalized  peritonitis  seems  to 
e  the  result  of  extension  of  pancreatic  inflammations. 

The  fluid  of  pancreatic  cysts  often  contains  a  proteolytic  and 
an  emulsifying  ferment,  but  the  contents  of  other  abdominal  cysts 
may  have  similar  constituents. 

The  Pancreatic  Duct. 

Obstrtictioil  of  the  pancreatic  dnct  may  he  due  to  tumors  of 
the  papilla  in  the  duodenum  or  of  the  head  of  the  pancreas,  to 
calculi,  to  inflanmiat^try  thickening  of  the  duut  itself,  or  to  the 
pressure  of  contracting  fibrr>us  tissue  in  chronic  pancreatitis. 
Most  commonly  it  leads  to  tVfkitafhm  of  the  durt^  this  sometimes 
beeonung  so  great  as  to  occasion  actual  cystic  ibrmations  (Fig. 
264).     The  dilated  ducts  are  filled  with  clear  liquid,  but  some* 


Flo.  364.^IHUt*tfoii  of  the  pancreatic-  duct  and  atmpbv  of  the  pancreaa,  due  to  calculi 

(Orth). 


times  through  bacterial   infection   this  is  renderml  turbid,  or  is 
actually    converted    into   pus.     Occasionally  small  rysts,  caused 
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by  dist<.'ntion  of  the  finor  divisions  of  the  duct,  are  scattered 
thnmgh  the  orjeran  (pancrealie  atme).  The^  are  supposed  to 
result  from  eatarrlial  procesBcs  in  the  dm^t^  theiiij^eKes*  These 
small  eysts  are  iilletl  with  eh^ar  or  pun  form  liquid .  Some  eases 
so  described  arc*  donhtles8  iustiiiiees  id'  fatHieeroslB, 

Pancreatic  calculi  are  eojiijinsed  of  rarhfntate  or  phosphate 
of  lime,  and  usually  ha%'e  an  irre<;idar  .^hape.  They  may  oceasioo 
eyatic  distention  of  the  duet^  and  a  h  see  ss- form  at  ion. 


THE    PERITONFATM. 


CONGENITAL  ABNORMALITIES, 

Absence  of  the  peritoneum  has  been  clewril>eil ;  but  more 
frequently  minor  deieets,  such  as  absence  nf  the  omentum  or 
unnatural  length  of  the  onu^ntum  uv  mesentery,  localized  defects, 
fenestrations,  and  the  like,  have  lieen  observed.  The  {>eritoneal 
extension  into  tlic  inj^iiiual  canal  normally  becomes  ocehided,  but 
may  remain  patulous  and  rjiay  lead  to  cougt*nital  hernia. 

CIRCULATORY  DISTURBANCES. 

Active  hj^peremia  may  ocenr  in  assoeiatiou  with  inflani- 
matirui,  or  in  the  viciuity  of  k-sions  within  tlie  iutestine  wfiich 
liave  not  yet  occasioned  actual  inflammation  of  the  i>ii'ritoneum 
itself.  The  affected  part  is  bri^^^ht  red^  the  arterioles  being  dis- 
tended ami  the  endothelium  somewhat  swollen  and  elevated. 

Passive  hyperemia  is  more  fretjuent.  It  may  be  part  of  a 
genend  venous  t*on;jrestion,  or  may  result  from  ol^struction  of  the 
portal  vein  by  th rood msis,  cirrhosis  of  t!ic  liver,  and  similar  con- 
ditions. The  venules  may  be  widely  dilated,  the  deeper  layi^rs  of 
the  peritoneum  somewhat  edematous,  and  the  lining  endothelium 
swollen  and  loosenc^d.  Intense  passive  congestion  may  lead  to 
ascites  or  to  hemorrhage. 

Hemorrhage  may  oceur  in  the  form  of  punetate  extraxasa- 
tious  in  various  septic  and  hemorrhagic  fliseases,  and  in  part^ 
adjacent  to  intense  inflammatory  lesions,  as  in  the  peritoneum 
covering  the  Ijowel  near  autlirax-ulccrations.  Hemorrhagic 
extravasations  may  likewise  lie  due  to  intensi'  passive  congestion, 
as  in  death  from  sufftH-atiou  </r  in  ol)stnu'tion8  of  the  jwrtal  circu- 
lation.  Certain  ibrnis  oi*  intoxication,  like  phosp horns-poisoning, 
snake- venom,  or  the  like,  may  ticcasion  jM'tcchial  et:chymosis  or 
large  suffusious ;  and  occasionally  hemorrhagic  extravasations  are 
due  U)  embolic  oc<'lusion  of  the  mesenteric  arteries.  I^arge 
hemorrhagic  effusions  may  occur  in  tlie  rctropcritxmeal  tissues, 
especially  at  tlu^  root  of  the  mesentery,  Intwcen  the  foMs  of  the 
omentum »   or  elsewhere   into   the   subperitoneal   cellular   tissues. 
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These,  lis  well  as  hemorrhages  into  the  jieritoneal  t'iU'ity  itself,  are 
frequently  traumatic  in  oni^rin.  Rupture  of  the  spleen,  of  the 
liver,  of  the  uterus  or  Fallopian  tubes,  or  of  aneurysms  or 
fiuperfieial  blooel- vessels  niay  be  the  immediate  source  of  largo 
hemorrhages. 

The  extravasatefl  hUxxl  within  the  eelliilar  tisi^ues  undergoes 
gradual  alisorption,  a.s  elstnvlicre,  ami  may  leave  [ligmented  areas 
and  fi liroiis  thiekenin^,  Tfje  Ijloud  witliin  the  ravity  of  the  peri- 
toneum may  be  direetly  abst»rbe<l,  ^ir  may  be  gradually  removed 
after  eh>ttinpf  by  degenenitive  processes  and  absorption  through  tlie 
lymphatie  channels.  Intlamniatory  reaetion  is  wanting  miless  the 
blood-mass  is  infeete<l. 

Dropsy  of  the  peritoiieiiiti,  or  ascites,  may  <x'eur  as  a 
part  of  a  general  anasarea  in  eardiae  «>r  rc^iial  disease,  or  may  be 
due  to  obstrnetion  of  tlie  ptirtal  eirculation,  notably  by  eirrhosis 
of  the  liver.  In  these  cjiises  aseifes  may  be  al>sent  at  iii*st  from 
the  tW^dom  of  the  eol  lateral  eiivulation  estiiblislied  between  the 
branches  of  the  interior  and  superior  vena  eava  and  the  peripheral 
radicles  of  tlie  port;il  eirrtilation.  Eventually,  bo\vever»  ascites 
ensues.  In  the  tarliest  stages  (*f  eertaiu  eases  of  inti^n.^e  acute 
peritonitis  and  in  chronic  peritonitis,  esppcially  tt\e  tubereuloua 
form,  when  the  absorptino  of  lirpiid  from  the  peritoneum  is  dis- 
turbed  by  occlusion  of  the  lymphatics,  tbe  liquid  effusion  may  have 
a  Kcnjus  and  not  tbe  onlinary  inHununat<^n'  eharac!ter.  Chronic 
j>eritonitis  plays  a  jiart  in  the  etiology  of  many  cases  of  ascites 
ordinarily  reganled  as  the  rt^sult  *)f  obstruction  of  the  circnlatiim 
aloijCj  as  in  eases  of  eirriiosis  of  the  liver.  In  such  cases  the 
venous  stasis  may  oecasiun  no  dropsical  exudation  until  a  low- 
gmde  chronic  peritonitis  has  developed,  when  the  menjbrane 
becomes  nton:'  permeable  anti  effusion  results. 

An  o<*rasional  cuus<^  of  ascites  is  obstruction  of  the  thoracic 
duct  liy  new-growths  of  its  walls,  thrombosis  within,  or  pressure 
from  thi'  outside.  The  ascitic  lit|uid  in  such  cases  frei|yently  has 
a  chyhius  character. 

Tlie  abdomen  in  ascites  is  filled  with  clear  water)"  or  yellowish 
liquid,  (jrelatinous  masses  (coagulated  serum)  oft^^n  form  in  the 
dej>endcnt  parts,  as  in  the  pelvis  and  iliac  lassie.  Occa.^ionally 
the  litjuid  is  (piite  hemorrhagic  ;  in  otber  cases  it  is  milky  fruni 
atlmixture  of  cliyle  or  lymph  {f^htfhm  aseifrs),  Tfic  latter  cases 
are  deinMi(h'Ut  upon  obstruction  or  rupture  c*f  tbe  lyniphatic 
channels.  In  other  cases,  especially  in  instances  of  endotiiclioma 
or  ciireinoma  of  the  peritoneum,  the  licpiid  has  a  milky  character 
from  admixture  of  drgcueratctl  cells  and  fatty  matter.  The  term 
chtfitfonn  fiJ^rttrM  is  sometimes  applied  to  such  eases.  Micro- 
scopically tlic  liquid  of  onlinary  ascites  sbows  red  and  wdiite 
bloml-corpusi'les  and  occasionally  a  ic^w  endothelial  cells.  In 
the  hemorrhagic  cases  the  number  of  blooil-coqmscles  is  notably 
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iiiereaseflj  wliile  in  chylous  ascites  tliere  are  fat-droplets  and 
gmrmlar  ve\h. 

Occasionally  collectionB  of  dropHical  liquid  occur  between  the 
layers  of  the  omentum  (hif drops  orttfnti). 

Ascites  cauHeg  more  or  less  seri<nm  compression  and  displace- 
ment of  the  abdominal  orprmi^.  The  respimtions  may  be  ^catly 
embarntssed  by  upward  displacement  of  the  diaphragm),  and  the 
circulation  may  be  o!>h?tnictcd  hy  the  pressuR'  of  the  liquid  upon 
the  veins,  Secondarv*  cluni^cs  in  the  peritiinenm  are  not  unusual. 
Lon^-gtanding  a^scites  nearly  always  |tive«  rise  to  a  certain  amount 
of  clirnnie  inJiammation  (fibrous  thickening  of  the  menihrane), 
and  terminal  tuberculous  infection  of  the  peritoneum  is  not 
infrecjiient. 


INFLAMMATIONS. 

iBflatQination  of  the  peritoneum^  or  peritonitisi  is  the 

most  im]x>rtiint  condition  of  this  structure.  Acute  and  chronic 
cases  may  be  distinguished.  The  latter,  in  most  instances,  merely 
represent  terminal  contlitions  Ibllowing  acute  forms  of  the  disease. 
Exceptionally,  peritonitis  may  be  a  chronic  affection  from  the 
be^^inning* 

Etiology. — Acute  j>eritonitis  is  probably  always  caused  by 
bacteria  or  bacterial  prmlucts.  It  is  possible  to  pnxluee  it  in 
animals  by  injections  of  chemie4il  j>oisous  into  the  peritoneum,  hut 
it  is  doubtful  if  sp<jntaneous  peritonitis  ever  occurs,  excepting  as 
a  result  of  infection, 

Tlie  bact€^ria  j^ain  access  to  the  i>eritoneum  through  the  bloofl, 
by  direct  migration  from  the  Fallopian  tubes,  by  invasion  through 
the  walls  of  the  alnloniinal  viscera,  or  by  perforation  of  the  viscera 
or  external  ahilominal  walls*  Hematogenic  peritonitis  is  some- 
times met  with  in  cases  of  genenxl  septicemia  and  pyemia,  as  in 
osteomyelitis  or  malignant  endocarditis,  but  such  eases  are  rare. 
In  these  insbinces  the  bacteria  may  be  discharged  into  the  peri- 
toneal cavity  froui  the  blood,  and  may  thus  oc*?asiou  a  direct  or 
primary  peritonitis  ;  more  frequently  a  iocalized  lesion,  such  as  a 
suppuniting  infarction,  is  first  prnduccd  and  the  peritonitis  rcsultis 
secondarily  from  this.  Undoubtedly  bacteria  are  often  set  fri'C  in 
the  peritoneum  in  the  course  of  infections,  but  this  structure  schema 
to  have  a  high  degree  of  resistance,  and  seenxs  to  l>e  possessc^l  of 
special  means  of  defence.  The  exiieriments  of  Pfeifter  with  re- 
gard to  the  mechanism  of  immunity  (sec  page  225)  may  be  cited 
in  this  connection.  Idiopathic  peritonitis  was  a  term  iLsed  by 
older  authors  to  designatt^  forms  of  six^niingly  c^iusii'lcBS  peritonitis, 
or  such  as  follow  exposure  to  cold  and  the  like.  At  the  present 
time  we  must  regard  thesc^  as  exceptional  instances  of  primary 
hematogenic  peritonitis,  or  more  commonly  as  mses  of  secondary 
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peritonitis   resulting  froiix   abdimiiiial    iufections    that  have    beeti 
overlook<?d. 

Peritonitis  resulting  from  direct  extension  of  infective  pro- 
cesses h  vory  eommnii.  A  <;c^rtaiii  iinimiiit  of  irritation  of  the 
serous  cout  (tlie  puritoaeuni)  of  the  alMtoTniual  or^^ns  occurs  in 
most  of  the  diseases  of  these  nrrransj  ant!  in  the  cnise  of  eertain 
infectious  tliseases  this  may  atlain  eonsicIenil)h'  intensity.  For 
example,  in  ca.se8  of  uh^ers  of  the  intestines  or  strangulation  of 
a  eoil  of  intestine  with  seeondary  necrosis,  eonsiderahle  peritonitis, 
IiM^al  anrl  eventually  ireneral,  may  occur  without  pcTfonitiou  of  the 
t^nt.  In  such  eases  the  liaeteria  penetrate  tlie  walls  uf  the  intes- 
tines  along  the  lyniplmtie  channels,  ami  tfius  reach  tlie  serous 
eoverin^.  Similar  t^xtt^nsions  are  lfmrnl  in  diseases  of  tlie  tubes 
and  ovaries,  ur  of  the  uterus  in  puerperal  se])sis. 

Pertbrative  peritonitis  is  the  most  important  of  the  forms.  It 
may  re.sult  from  perfomtion  of  |Tii.sirie  ulcers  or  t^aneer^  fr<»m  trau- 
matic or  ulcerative  j»erffirati<ins  of  father  parts  of  the  intestinal 
tnict,  from  perturatinn  of  the  a|ipemlix  in  a*:ute  appendicitis,  or 
from  rupture  of  iliseased  Fallnpiun  tubes;  less  common ly  pertbra- 
tion  of  the  other  abdominal  viscem,  or  rupture  of  infective  foci, 
such  as  ahscesst^s  f*f  the  sjileen,  liver,  pancreas,  ovaries,  or  other 
struettires,  or  jx'netration  ot  tlie  abdomen  fnun  uitlionf  by  stab- 
wounds  or  disease,  may  lead   tn  peritoneal   infection. 

Among  the  micro-urj^nnisms  that  have  been  detected,  the 
SfrepltK'occifs  pyogen*'^  is  ninst  inqM>rtant,  and  is  the  cause  id"  the 
severest  forms  of  peritonitis,  sut^h  as  those  occurring  in  puerperal 
sepsifi.  Occasionally  the  disease  is  due  to  the  *Siapkiflococtnts 
pjfogeji€i^^  the  Bavlflnn  rofi  eommnvlSj  the  DiplmovnLH  pnemnmum 
the  i^aelihtfi  of  FriffJlirufirr^  the  f/onororrnSj  or  other  organisms. 
The  Bacillus  eoli  is  mninly  operative  in  p**ritonitis  seccmdarv  to 
intestimd  diseases,  such  as  a|>pendicitis.  Very  often,  no  doubt, 
peritonitis  is  the  conseiiucnri-  rtf  mixed  infection. 

Pathologic  Aaatoiny. — Local iznl  and  general  peritonitis  may  )»e 
distinguished. 

Acute  localized  peritonitis  is  seen  in  eas<'s  in  wldc^li 
bacteria  esciipc  gradually  and  in  small  nund)ers  through  tlie 
walls  of  the  viscera,  or  in  instanees  in  which  jHrfbmtion  takers 
place  after  the  [)n>d action  of  some  exudate  which  s(T\'es  the 
purpose  of  limiting  the  extensirm  of  the  infection.  Localized 
|jeritonitiis  is  most  fWx[nent  in  the  pelvis  in  association  with 
dispa.'^es  of  the  tul)es  or  uterus,  and  in  the  region  of  the  appen- 
dix. The  pentoncum  of  the  area  of  disease  first  liecomes  in- 
tensely iiijeet<Kl  (c( ingested )  and  the  normal  luster  disappears  in 
consequence  of  the  beginning  exudation  and  cliseas^:'  of  the  lining 
endothelium.  Subsequently  the  amount  of  exudate  increases.  It 
may,  first,  be  of  serous  character,  l>ut  usually  is  largely  fibrinousi 
and  the  amount  may  be  considerable.     Thus  the  appendix  is  not 
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rarely  Htirroiiiided  by  masses  of  iiliriiious  exwlate  a  centiniettT  or 
two  in  thick nt's^s.  The  exudate  may  remain  fibrinouB,  but  more 
frequently  beeonies  fibrin(>purulent  in  the  later  stages;  and  in 
e^ses  of  perforative  peritonitis  loealized  abt^cesses  are  commonly 
met  with.  In  sueh  cases,  if  the  disease  remains  well  encapsulated, 
and  the  patient  survives,  the  exudate  may  he  removed  in  several 
ways.  Very  rarely  the  pus  Ijiirrows  toward  tfje  exterior  and  dis- 
charges ;  more  frequently  it  empties  into  the  intestine  or  some 
other  hollow  visens.  It  may  decrease  by  gradual  inspissation^ 
leaving  a  dry,  cheesy  mass,  which  in  rare  instances  finally  be- 
comes calcareous.  Fibrinous  exudates  in  IcK-ali^^ed  peritonitis 
are  frequently  absorbed,  and  give  place  to  tibroiis-tissue  adhe- 
siouB, 

Acute  general  peritonitis  may  he  the  immediate  result  of  the 
discharge  of  large  tpiantities  of  infective  matter  from  a  perfo^lt^3fl 
bowel  or  other  organ  ;  or  it  may  ijcenr  m^;eumlarily  to  a  localized 
peritonitis  when  tlie  limiting-wall  of  exudation  is  broken  down. 
In  these  eases  the  peritoneal  t!overing  of  the  intestines,  ami  to  a  less 
extent  the  [mrietal  peritcmeuni,  become  4'ongeHted  and  lustt'Hcss, 
as  in  the  localized  tVirm,  Serous  exntlation  takes  place,  and  may 
be  considerable  in  amount  in  some  of  the  most  violent  tbrn»s  ot' 
the  disease.  Acute  inflammatory  asiat-es  is  thus  prcMhiced.  Usu- 
ally, however,  the  serous  exudation  is  scanty,  and  very  soon  the 
intestines  are  covered  with  Hakes  or  thin  coatings  of  lil)riinHLs 
exudate  and  are  matted  together.  Subsequently  the  exudate 
gmws  more  yellovvisli  fmm  the  emigration  of  leukocytes  or  pus- 
cells.  When  adjacent  coils  of  intestine  are  agglutinated  bv  the 
exudate  pockets  eoutniuing  serous  or  aeropurulent  liquid  may  be 
formed  between  them. 

In  tiie  most  violent  furius  of  pcritimttis,  hwal  or  gent^^ml,  such 
as  those  due  to  strangulation  and  gaugreue  of  a  part  uf  the  bowel, 
or  to  pnerpiTal  sepsis,  tiie  exudates  may  rapidly  assume  a  putrid 
character,  and  the  deposit  upon  the  serous  surface,  as  well  as  the 
serosa  it^^elf,  nutv  undergo  necrotic  change.  In  these  cases  the 
cavity  of  the  peritoneum  contains  more  or  less  ill-snielling  brown- 
ish»  grayish,  or  blood-tinged  liquid  exudate,  and  the  affected  areas 
of  the  peritonciuo  are  covereil  witli  grt^enish  or  brownish  deposits* 

Hcniorrhagie  peritonitis  is  sometinus  observetl.  It  represents 
no  special  fonn,  but  merely  indicates  systemic  or  local  couflitions, 
as  a  result  of  whieb  hemorrhagic  extravasation  has  taken  place 
into  the  exudate.  This  is  found  in  the  pt^ritonitis  of  s(*orbutic 
individuals  or  of  pcrsiuis  retlucerl  in  vitality  by  other  diseases.  It 
also  <3<;curs  when  passive  congestion  is  associated  with  peritonitis, 
as  in  eases  of  cirrhosis  of  t!ie  liver*  The  peritonitis  accompany- 
ing tuberculosis,  and  especially  carcinoma  of  the  peritoneum,  may 
present  hemorrhagic  exudate. 

EffectH  of  Aeuie  Peritonitis, — The  disease  of  the  peritoneum  haft 
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nn  immediate  and  profound  effect  upon  the  intestines,  andreflexly 
or  in  other  ways  upjii  the  general  gyst^m.  Tlie  perii^talsis  of 
the  howei  in  the  eiirlier  stages  is  arrested  by  spasmodic  eont pac- 
tion. Very  soon  the  musculature  is  |Kinilyzed  and  more  obstinate 
constipation  results.  The  systemic  etreets  are  most  strikuigly 
evidenced  by  the  intense  shock  of  the  early  stages.  General 
septicemia  may  l>e  the  consequence  of  the  infective  conditions  of 
the  peritoneum. 

Chronic  peritonitis  may  be  the  termination  of  an  acute 
peritonitis,  especially  the  hx-alized  form.  In  other  cases  chronic 
inflammatory  thickening  occurs  in  the  [)eritoneum  adjacent  to  or 
covering  organs  the  scat  of  various  diseases.  Thus  in  cirrliosift  of 
the  liver  the  peritoneal  covering  and  the  refiexions  ibrniing  the 
ligaments  may  be  greatly  thickened,  and  siniilarly  the  peritoneum 
covering  the  splf*eu  may  be  involved  in  consequence  of  chronic 
congestion  or  inflammation  of  this  organ. 

Chronic  peritonitis  foUowiog  hx-al  acute  peritonitis  usually  pre- 
sents itself  in  the  form  of  fibrous  thickenings  or  adhesions,  suen  as 
are  so  often  encountered  in  the  pelvis  after  uterine,  tubal,  or  ovarian 
disease  complicated  by  peritonitis^  and  about  the  appendix  after 
inflammations  of  this  structure.  Less  commonly  ehrouic  perito- 
nitis is  met  with  in  the  form  of  sacculated  effusions.  In  such  in- 
stancies the  etfusttju  formed  during  the  acute  stxige  is  only  partially 
absorbed,  and  remains  as  an  inspissatccl  liquid. 

In  other  cases  dense  adhesions  are  formed,  and  oerasitmally  cal- 
careous plates  are  ibund  in  the  thickened  [>eritoneal  covering  of  the 
bowels  or  other  parts. 

Chronic  diffuse  peritonitis  may  result  from  diffuse  acute  peri- 
tonitis* In  such  cases  there  are  widespread  adhesions,  and  the  pKiri- 
toneum  is  more  or  less  diffusely  thickened.  More  or  less  liquid 
effusion  may  be  present.  In  other  instances  diffuse  peritonitis  arises 
in  an  insidious  manner  as  a  chronic  procjcss  from  the  beginning- 
Some  of  these  cases  are  entirely  obscure  in  etiology  ;  in  a  fe^v  it  has 
seemed  probable  that  syphilis  was  an  etiologic  factor.  The  perito- 
neum is  often  uniformly  thickened,  but  in  some  cases  presents  small 
nwlular  lesions,  suggesting  miliary  tubercles.  In  several  instances 
these  nodulesj  together  with  the  abundant  serous  effusion  occasion- 
ally met  with,  have  led  to  the  diagnosis  of  tuberculous  peritonitis. 
Microscopic  examination  of  the  nculules,  however,  shows  a  fibrous 
structure, and  neither  giant-cells  nor  tubercle-bacilli.  Tuberculous 
and  malignant  ]>eritonitis  will  be  considered  below. 

Hyperplaatic  Perihepatitis, — A  few  cases  have  been  observed  of  a  re- 
mark ahl^  di sense  in  which  the  upper  part  of  the  parietjil  peritoneimi  and 
the  reflexions  coveriag  the  liver  and  spleen  are  ^^reatly  thickened  and  of 
dense  sclerotic  character.  The  peri  ton  etim  is  sometitne"*  several  millimeter* 
in  thicknesH,  gray  or  white,  and  sugge^its  the  appearance  of  the  "icing  "  of 
con i'ecti oners,  'fhis  has  led  to  the  term  proposed  by  Curschmann — Zucktr- 
guwUbcr,  The  liver  and  spleen  undergo  more  or  less  pressure- atrophy,  and 
ascites  is  a  frequent  syinptoni*     The  etiology  is  oliscure. 
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INFECTIOUS  DISEASES. 

Tuberculosis  may  in  rare  instances  affect  the  peritoneum 
primarily,  as  in  eases  in  whicli  tii^KTcle*bacilli  penetrate  tlie 
mucosa  of  the  intestines  and  enter  the  lynipliatics  ^vithnut  causing 
an  intestinal  lesion;  or  in  ea^es  of  infection  throu|i:li  the  Fallopian 
tul>es.  Ui^ualiy  tulierculosis  of  the  p€Titoneuni  is  st^eonthin-  to 
tuherciilosis  of  some  alxloniinal  viscus  or  of  niore  ilistant  ot^mi?. 
ThuB  among  the  more  frequent  causes  are  tuberculosis  of  the  mes- 
enteric or  retroperitoueal  glands  and  tuberculous  disease  of  the 
tubes  and  ovaries  in  women.  Intestinal  tuberculosis  mrely  leads 
to  more  than  localized  lesions  of  the  serous  coat  opposite  the  ulcera- 
tions of  the  mucivsa*  Pulmooary  tuberculosis  may  occasion  hema- 
togenic infection  of  the  peritoneum.  Simultaneous  tuberculosis  of 
various  serous  mcmbmneg,  csjiccially  the  pleura  and  peritoneum, 
is  oecasioually  observed.  The  source  of  infection  is  often  hidden  ; 
Boraetiraes  the  pleura  is  first  involved  and  the  jxTttoneuiu  becomes 
affectetl  by  extc'usion  ;  less  commonly  the  reverse  occurs. 

Fathologic  Anatomy,— Miliary  tuberculosis  without  marked  in- 
flammatory changes  may  occur  as  a  generalized  peritoneal  affection 
in  acute  or  subacute  general  miliary  tuberculosis.  Local  eruptions 
of  similar  character  are  seen  in  the  pelvic  peritoneum  iu  ca«es  of 
tul>al  «jr  ovarian  tuberculosis  and  upon  the  serosa  of  the  intestines 
adjacent  to  tuberculous  ulcers  of  the  bowel. 

More  impoilant,  from  a  clinical  point  of  view,  are  the  cases  in 
which  inflammatory  changes  are  associated  with  tlie  sjiccific  tuber- 
cle. In  some  instances  extensive  adhesions  by  fibrinous  or  fibrous 
!>rofluctions  are  met  with,  while  the  tubercles  tend  to  agglutinate, 
brming  masses  of  considerable  size  and  of  cheesy  character.  The 
mesenteric  lymph-glands  may  be  coineitlently  involved,  being  en- 
largetl  and  caseiDus,  Sacculated  collections  of  serous  or  seropuru- 
Icnt  liquid  are  sonietinics  observed.  In  another  %^ariety  there  is 
abundant  serous  exudation.  Occasionally  the  exudate  is  hemor- 
rhagic. 

Tuberculosis  of  the  peritoneum  sometimes  terminates  in  com- 

Cletc  resolution,  the  peritonemn   being  left  somewhat  thickened, 
ut  showing  no  other  evidences  of  the  previous  disease. 


TUMORS. 

Fibromata  and  lipomata  are  sometimes  met  with  as  small 
nodular  or  pedunculated  outgrowths  from  the  subperitoneal  tissues. 

Sarcoma  may  occur  in  the  form  of  diffuse  gelatinous  tumors 
of  angiosiircomatous  structure,  or  in  tlic  form  of  endidheliomcfta. 
The  latter  \'aricty  occasions  diffuse  thicken ing,  sometimes  of  con- 
siderable areas,  of  tlie  peritoneum,  Secondarif  imrcama  is  some- 
times observed  as  nodules  of  considerable  si2:e  or  as  numerous  mil- 
iary nodules. 
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Cardnoma  of  the  peritoneum  is  usually  secondary.  OelaH- 
nous  or  coUoid  cancers  of  the  stomach  and  bowel  (rectum)  fre- 
quently extend  widely  through  the  peritoneum,  causing  great 
tnickening  and  a  remarkably  gelatinous  growth.  Not  rarely 
rounded  masses  of  pearly  appearance  are  observed  (Fig.  76).  In 
rare  instances  tumors  of  the  peritoneum  of  the  same  general  char- 
acter seem  to  be  primary^  ana  the  reasonable  explanation  has  been 
suggested  that  parts  of  intestinal  tissue^  pinched  off  in  fetal  de- 
velopment, are  the  starting-points  of  the  growths.  Secondary 
cancer  frequently  appears  in  the  form  of  nodular  tumors  in  asso- 
ciation with  ovarian  cystomata  that  have  become  carcinomatous, 
or  with  primary  cancers  of  the  ovaries  and  other  pelvic  organs. 
Occasionally  widespread  eruption  of  miliary  nodules  is  met  with 
as  a  part  of  acute  carcinoTnatosis. 

In  all  forms  of  carcinoma  of  the  peritoneum  inflammatory 
changes  with  intestinal  agglutination  and  adhesion  are  frequent. 
Hemorrhagic  exudation  is  not  unusual.  In  rare  cases  the  bowels 
are  so  firmly  fused  by  the  spreading  tumor  and  the  inflammatory 
exudates  that  they  form  a  solid  mass,  which  on  section  shows  the 
cavities  of  adjacent  coils  of  intestines  separated  by  more  or  less 
uniform  tumor-tissue. 

PARASITES. 

BchinococCttS-cystS  occasionally  occupy  the  peritoneal 
cavity,  and  may  fill  it  almost  completely.  Filarioe  have  been 
found  in  a  few  instances ;  and  the  Linguatula  Rhinaina  and 
Oydicercws  ceUuloace  have  been  rei)orted.  Recently  an  ameboid 
organism  {Leydenia  gemmipara)  has  been  discovered  in  the  liquid 
exudate  of  cases  of  ascites. 
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CHAPTER    V. 
DISEASES  OF  THE   DUCTLESS  QLANDS. 

THE   THYROID   GLAND. 

Anatomic  Considerations^^The  thyroid  gland  is  a  coin- 
pfiuiid  tuKidar  gliind,  winch  hi  iVtal  life  communicates  with  the 
pharynx  at  the  base  <tf  the  toni^ue  by  a  duet.  Later  the  duet  is 
obliterated,  ami  the  glaml  beeomegi  duetless.  Miemsco|)ieally 
tlieri*  are  tuiuiit  acini  lined  with  polyhedral  or  cylindrical  epi- 
thelium, nstially  in  a  single  layer.  The  lumen  oi"  the  acinus 
<*ontains  more  or  less  gelatinous,  or,  as  it  is  nsually  called^  eoHoid 
material,  which  seems  to  be  a  secretion  of  the  epithelium,  Tt  is 
an  albuiniuate  rich  in  smlium  chloride  The  vascular  snjiply  of 
the  g-latid  is  very^  abundant,  the  blood-vessels  being  nunienjus  and 
the  anastomoses  ver^^  free.  The  lymphatic  network  is  equally 
abundant,  and  mainly  situated  in  the  stroma  of  the  fi^land  around 
the  acini.  The  hiri^er  lymphatics  are  supplied  with  valves  like 
those  of  the  veins.  Oei^sionally  colloid  material  has  been  found 
in  the  stn>ma  and  iu  the  lymphatics.  The  capsule  id*  the  gland  is 
a  fibrous  cfivering  fmm  which  trabeeula*  extend  into  the  substan<*e 
<d'  the  organ. 


CONQENITAL  DEFECTS. 

Oceasirvnally  one  or  amither  part  of  the  gland  is  wanting,  or  in 
rare  ins  tan  cos  the  entire  organ. 

Accessory  thyroid  glands  have  been  found  in  various  situations. 
Sometimes  small  masses  of  thyroid  tissue  occur  alongside  of  a  nor- 
mal gland,  either  al>ove  it,  in  the  neck  ;  or  bclovv^  it^  behind  the 
sternum  and  in  tiie  anterior  mediastintim.  In  other  cai^es  the  nor- 
mal thyroid  is  ahsent,  but  is  n^preseuted  by  small  massf^s  in  the 
situations  named,  or  in  other  parts.  In  a  few  instances  tiunors  at 
the  base  of  the  t*mgue  and  within  the  larynx  and  trachea  have 
been  found  to  be  composed  of  thyroid  tissue. 

DISTURBANCES  OF  CIRCULATION. 

Hyperemia  of  the  thyroid  gland  is  met  with  ver\"  frequently. 
It  occurs  in  cases  of  cardiac  tai lure,  and  in  consequence  of  obstruc- 
tion of  the  large  veins  by  mediastinal  tumors,  and  the  like.  In 
these  instances  the  thyroid  may  be  considerably  enlarged,  and  has 
a  soft,  doughy  character.  Slight  enlargement  of  the  thyroid  of 
congestive  clianiet4'r  is  found  in  perliaps  a  majority  of  the  cases 
of  chlorosis,  and   may   l>e   ji resent   in  any   form  of   anemia.     In 
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Graves'  disease  the  thyr^Jid  may  be  very  vascular,  and  the  enlarge- 
ment of  the  gland  may  be  in  large  part  due  to  dilatation  of  the 

blood-vessels  (i-ee  page  638). 


INFLAMMATIONS. 

Acute  inflammation,  or  acate  stnimitis,  may  occur  in 
the  course  of  various  intW^ticnis  dijiease}*,  notably  tj^phoid  fever- 
Occasionally  it  arises  without  definite  pree€<ling  disease.  The 
gland  enlarges  and  becomes  nit  her  tense.  The  termination  is  usu- 
ally in  resohition,  and  this  may  occur  ven"  rapidly,  siiggestinff 
that  the  enlargement  of  the  gland  m  due  largely  to  congestion  and 
liquid  exudation,  rather  than  to  cellular  (inflammatory)  infiltration. 

Acute  suppurative  strumitis,  or  abscess,  occurs  in  con- 
sequence of  embolism,  in  cases  of  infected  wounds^  endocarditis, 
or  general  pyemia.  Sometimes  the  inflammation  extends  directly 
from  local  diseases,  such  as  diphtheria.  The  aVjscess  may  rupture, 
or  may  undergo  secondary  changes — inspissation,  calcification. 


STRUMA  OR  GOITER, 

Definitlou. — Ctoiter  is  the  name  applied  to  various  enla 
ment£  of  the  thyroid  gland.  It  is  a  clinicid  rjither  than  a  patBo- 
logic  term.  Sometimes  a  distinction  is  made  between  benign  and 
malignant  stnima,  the  latter  term  including  deiinit^  tumors  of  the 
thyroid  gland.  At  the  present  time  the  term  g*)iter  is  restricted 
to  enlargements  of  a  hyperplastic  character,  which,  though  often 
resembling  tumors,  cannot  be  definitely  classified  among  the  tu* 
mors  of  the  gland. 

Etiology. ^ — (jroiter  (Mxurs  endemitially  in  certain  situations,  as 
in  tSwitzerlaud  and  other  parts  of  EurojK',  and  in  parts  of  Michi- 
gan in  this  country.  Sporadically  it  is  met  with  in  all  part«  of 
the  world.  Local  conditions  of  some  kind  are  doubtless  among 
the  fundamental  causes,  hut  the  nature  of  these  conditions  is  but 
little  known.  The  drinking-water  has  always  been  suspected,  and 
it  seems  likely  that  it  has  some  influence,  though  it  is  certain  that 
the  uiagnesinm  and  calerum  salts  have  not  the  importance  for- 
merly ascribed  to  them.  Infectious  causes  have  been  suspected 
and  micro-orgtmisms  have  actually  l>eeQ  described,  but  no  satis- 
factory demonstrations  have  been  made. 

Pathologic  Anatomy. — Two  principal  varieties  may  be  di»- 
tingulslie<l :  the  [jarenehymatous  and  the  vascular. 

Parenchymatoua  Goiter. — Parenchymatous  goiter  is  a  variety  in 
w^hich  the  glandular  tissues  or  acini  undergo  more  or  less  active 
hyperplasia*  The  gland  is  genendly  uniformly  enlarged,  but 
s(>metimes  presents  lobular  or  nodular  elevations.  The  tissue  is 
onlinarily  somewhat  elastic,  like  that  of  the  normal  thyroid,  but 
may  in  other  instances  be  very  firm.     Occasionally  cystic  forms 
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0€our,  and  a  gubvaricty  is  sometimes  distinguished  by  the  term 

ci/8tic  gmter. 

Micro8copk:ally  tliere  may  be  found  merely  a  uniform  hyper- 
plasia of  the  glonduhir  a(*ini,  without  any  notable  change  in  the 
Ktruetiire  of  the  tissue.  In  other  cases  the  acini  are  larger  and 
more  irregular  than  in  the  normal  tliyroid,  suggesting  the  struct- 
ure of  an  adenoma,  and  the  term  siritma  ade^iomaiom.  is  applied. 
In  most  iiist&nees  the  acini  contain  but  small  quantities  of  colloid 


Fill.  2<yi.— CoUoid  gQiU!r»  showing  colloid  material  in  tbe  dilated  ocLol, 

material,  as  is  the  case  in  tlie  normal  gland*  Sometimes,  however, 
there  is  abundant  jinKhietion  of  <x^lloid,  anrl  the  acini  are  greatly 
distended;  the  term  eoUoid  goiter  may  be  ai>pli*Ml  in  su<'h  inst^uiees 
(Fig;  2<i5).  In  certain  eases  the  walls  of  the  acini  are  destroyed 
and  the  colloid  of  adjacent  acini  runs  together,  forming  considerable 
cysts ,  I n  t li esc  i ns tan ces  the  t h y ro i d  t; ousts ts  of  n u me rous  cystic 
excavations.  Changes  in  the  interstitial  connective  tissue  of  the 
gland  may  be  comparatively  f^Hght,  but  may  in  other  cases  become 
conspicuous.     The  capsule  of  the  gland  may  be  thickened,  and  the 
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Btroma  may  predominate  over  the  i^laDtliilar  elements.     The  t^Ttn 
Jlbrous  goiter  has  h^n  saj^^estecl  for  .Mieh  i-artt*s. 

Vascular  Goiter.— This  term  is  applied  to  enlargjements  of  the 
thyT*:)id  jrland  ehamcterized  by  marked  dilatation  of  hlm^d-vesscls 
within  the  ^lan<L     The  glandular  tissues  themselves  may  play  no 

Sart  in  the  process,  or  they  may  present  ehanges  similar  to  thoee 
escribed  under  parenchymatouj^  goiter.      The  gland    imdergtx« 


FIG.26A.— PAreochTmatotu  and  nuicular  ffoit«r,  fihawlntr  Urge,  thitjk' walled  b]o(Hl«reBs«la,  , 

consideruble  and  sometimes  enormous  enlargement,  and  may  pnl- 
sat^-^  artivi4y.  This  form  of  goiter  is  met  with  as  the  hnpvrtaiit 
pathoKigie  eunditiuu  of  many  cases  of  Graves'  disease  (seu  pagt» 
642*)  J[acC  allum  in  28  eases  nf  tjnives'  dist»ase  ftmnd  lesions  in 
the  thyroid  closely  resembling  those  of  eomjjensatojy  hy|ierirophy 
of  the  thyroid  produced  aftrr  partial  extirpation  of  the  ghincL 
The  alveoli  vuriod  greatly  in  size  and  form,  often  sending  out  diver- 
tieula  wliieli  beeamt'  eonstrict*'d  olF  to  tortu  new  alvertli. 

The  epithelium  showed  a  Hum jgi"  ii\Mn  tbe  Hat  or  enboidal  type  U% 
the  high,eylindrical  furm.  The  euUoid  was  marketlly  ihminished  in 
amount  and  that  whieh  was  present  had  a  vt-ry  ntggeil  a[)piuirance. 
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The  vascular  ^supply  was  iiiHisually  rirli,  the  veins  es}>ecialiy 
being  large  and  distended  witli  blimd,  dioir  walls  being  very  i ri- 
al de.  They  hiy  for  the  most  part  in  the  increased  eonneeti%'e-tis- 
fiue  fmrne-work.  In  this  tissue  were  nimierutis  small,  eireiimseribed, 
scattered  lymphoid  nf»dy!es,  Corresponding  with  tins  there  was  an 
enlargement  of  the  the  cervieal  lymph  glands  and  ui'  the  thymn.'?. 
No  baeteria  or  eharaeterij^tie  eell  inelnsious  eoidd  lie  made  out. 

The  |jarathyroid  glands  showed  a  unwlerate  atrophy  of  cells 
and  indnration  or  increase  of  eoiineetive-iissiu*,  but  this  was  by  no 
means  eonstant  or  snffieiently  extensive  to  snpptjrt  llie  idea  that 
these  glands  were  in  any  way  the  eausi'  of  tlie  disease.  MaeCalhini 
eoneludes  that  as  these  lesions  ressenible  thcjse  of  compensatory 
hypertrophy  there  must  have  been  s(*me  previous  injury  to  the 
gland,  possihiy  from  some  preee<ling  iJifeetions  disease,  though  the 
nature  of  this  is  by  no  nKniiis  clear. 

Secondary  Changes. — ^The  thyroiil  fn^quently  RufFers  second- 
ary changes  in  goiter.  The  hyperplasia  of  eonneetive  tissue 
between  the  imm  has  been  referred  to.  Sometimes  this  becomes 
so  considerable  that  the  term  Hbrous  goiter  is  warranted.  Cystic 
formaticms  liave  also  been  mentioned,  the  eyst.s  referred  to  result- 
ing from  the  confluenee  of  the  dilaterl  acini.  The  eont^nt^  in  sneh 
cases  consist  of  eoHoid  nuiteria!  or  of  more  or  less  serous  or  henior- 
rhngie  liquid.  Occasionally  cysts  result  from  hemr^rrlmge  in  de- 
generated parts  of  the  gland,  with  subsecpient  ahsaqjlion  of  the 
bltXMl,  and  exuthition  of  semus  liquid*  Tlie  content.s  in  such  cases 
may  be  purely  serous  or  may  consist  of  brownish  grnmous  matter 
ctmtaining  abumlaut  eholesterin.  V^ery  mrely  secondary  jirolif- 
erative  changt^s  occur  in  the  walls  of  the  cyst,  eausing  papilloma- 
tous projections.  Calcificanon  is  a  very  common  terminal  change 
in  degenenited  goiters.  It  may  occHir  in  isolated  area?^,  or  may 
cause  a  nniforui  hardening  of  the  gland.  Actual  ossification  has 
been  observed. 

Mechanical  Effects  of  Goiter- — The  enlarged  gland  presses 
npotj  the  adjacent  structures  more  or  less  serimisly.  The  trachea 
is  most  frequently  com  pressed  or  dislocated  from  its  median  posi- 
tion. Pressure  npon  tlie  large  veins  n»ay  occasion  passive  conges- 
tions and  edema  ;  and  less  commonly  pressure  on  the  carotid 
artery  may  interfere  with  the  circulation  of  blood  in  the  brain. 
The  nerves  in  the  vicinity  (vagusj  recurrent  laryngeal,  and  sym- 
pathetic) an*  likew^ise  expiswl  to  conipression. 


INFECTIOUS  DISEASES. 

Tabercttlosia  may  t^ecur  in  the  form  oi'  miliary  tubercles  or 
as  small  caseous  nwlnles. 

Syphilis  is  met  \\  ith  in  the  form  of  gummata. 
Actinomycosis  is  a  very  rare  disease  of  the  thyroid  gland. 
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A^DFAftASriES. 


L — Thtt  term  maHgiant  scnma  ^  somi>cixiKS  appfied  to 
tmnryr^  uvi  it  i»  dxfSenh  in  cenain  ■ac'^is  «>  'inw  a  siurp  fine  be- 
tv<«»i  ^!i^naxa  p>fteR  and  dtsdaifi  iKw-Hgrnwiiitr  atioKHnaa ;. 

The  y^rm  <KCf»Mwr.  boverer.  siwaJpi  be  re<crMed  tt>  ca&e»  is 
wlikik  ti^  prrj,Ix£»xtKfi  of  acxni  a^  mpi-r^  or  I«»  aSTpicmL  and  in 
viucii  du^  tnBKir  i^  circmikscTibed.  iMdaiar.  or  odm^vK  dktbi- 
fPBsAai^  from  the  pvc^xisdiie  etand-dagae.  SsKfzmes  tmnois 
^   thi^   tfajiffjiil   fasvii^   trpieaDr  atknomasoo^  dttiacttfs  ghre 


Cammf/ma  maj  occur  is  the  ^Yin  of  a  i»>iG]ar.  or  mov^  difFbse 
tnnMr.  M^etastaas  i$  frequent  in  eases  of  cairiDotna.  bat  also 
r>!fnr«  in  cases  that  present  the  appearances  of  an  ofdmair 
adenoma.  The  bones  are  freqoenthr  involTed  bj  metastatic  de* 
m»t3.  Extenaon  from  the  thrioid  it>  the  adjacent  organs  is  not 
mfreqoent. 

Hnrffm^  occms  in  seTeral  varieties.  Boand-celled  saicoma 
and  angiocsarcoma  are  paracnlariy  malignant. 

H^i0^/t^iar}t  tmrnufTf  in  the  thyroid  are  rare. 

Faiasites. — Ecfainocoecii&-cTsts  have  been  met  with,  but  are 
TeiT  rare. 

GENERAL  RE5LX.TS  OF  Ttni^OID  DISEASE. 

The  phvsiolof^T  of  the  gland  has  not  as  yet  been  fully  deter- 
mined, tnoo^  certain  fiurts  have  become  established.  The  old 
aathor^  lielieved  the  gland  to  be  active  as  a  bloixj-making  organ, 
and  this  is  still  maintained  by  some.  It  is«  however,  mdikely  that 
this  function  L*  an  important  one.  The  nvijut-nt  association  of 
thyiT>i<i  direasfr  with  certain  general  conditions  cretinism  and 
myx^-^lema  >  has  led  to  experiments  up'.^n  animals  that  have  estab- 
lish*-<l  r-*rrtain  important  facts. 

The  immMiate  removal,  by  operati«tn.  of  the  entire  thvrmd 
^land  ^-aures  severe  ner\'ou>  nianitV-statii»ns  rt-scmbling  those  of 
tetany  follow^-<l  by  rapid  deatli.  Panial  removal  of  the  gland 
f-nn^'^  f-omfiaratively  trivial  cmi'^efjuonrt-s.  hut  in  oases  in  which 
Ui^hI  ablation  has  been  praotis*?il.  and  in  which  a  certain  amoimt 
of  thy  mid  influence  has  l>t^n  kept  up  by  injt^nions  of  thyroid  ex- 
tract or  th^'  tVwlinfr  of  thyn»id  gland,  marktil  symptoms  liave  been 
found  to  develop  after  a  peri<xl  of  some  mouths.  Among  these 
s*yriiptorfj^  are  pallor,  edema  of  the  skin,  gemral  weakness,  dis- 
turhanc^vj  of  growth,  and  alteration  t.f  the  cerebral  functions 
^int^rllection,  .-^^.-nsation,  and  motor  jK^wtr).  This  cimdition  has 
\p4:f^t  t4?rnif.'<l  cachexia  j<trumipriray  and  its  res^L^mblanee  to  cretin- 
ism and  myxedema  will  be  apparent  from  a  reference  to  the  symp- 
iffinfi  fjf  tlu>se  diseases. 
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CretiMisni* — CrHiiiism  is  a  peculiar  diseasp,  occurring  with 
^rr-at  IW'qiit'iu'y  in  irrtain  parts  t>f  contrjl  KiirnjK\  espct'ially  in 
Switzerlanri,  and  not  infreqin/ndy  in 
other  parts  of  the  world.  The  thy- 
roid ^lund  is  .sometimes  atropine, 
and  sometimes  goiterous,  hut  in  all 
ciLses  diHeased.  Tlie  disea,se  is  not, 
as  a  rule,  present  at  birth,  l>at  u.su- 
ally  develops  soon  atler  birtli  :  and 
the  parents  may  be  eretiiioid  or 
^oiterous.  Sometimes  healthy  par- 
ents have  eretin  I'hilrlivn.  Tlie 
ere  tin  remains  physieally  and  men- 
tiilly  undevelop'fl ;  the  siibinitanp- 
ons  tissue  is  Habby,  abundant,  and 
sometimes  distiiietly  myxedemiitous 
fFig*  207);  the  head  is  lary^e  ;  the 
lips  and  tongue  enormously  thick- 
ened»  and  tlje  latter  usually  pro- 
trudes ihnn  tlie  moutli ;  the  hairs 
of   the    bodv    arr    littlr    develoj>ed. 

Myxedema. — MyxcMh^ma  is  a 
disease  that  develops  in  later  life ; 
sometimes  after  distinct  diseases  of 
tlie  thyroid  (tr<jite4\  irnmma,  tumors, 
etc.),  but  often  without  any  muni- 
fest  disease  of  thyroid,  tlinuw:ii 
atrophy  and  degenerations  (ealeiti- 

cationj  ijiuy  be  disi'lusi'<l  by  tbt'  post-mr^rteiu  exaniJiiatitin,  There 
ij5  a  iH'euIiar  swelling  of  tlje  eyelids  and  of  the  stiheutaneons  tissue 
of  the  face  and  neek,  and  subsequently  tlu"  same  change  cMvurs 
elm'wbere,  invr^lvjag  tbc  limbs  and  tlie  i/ntirc  body.  T!ir  ai>[*''ar- 
anres  at  iirst  sut^p'st  »*drma,  but  therr  is  not  ibr  usuid  jiitting  on 
pressure?,  ami  tlic  finding  rouvrv<  d  to  tlu'  band  is  that  <»f  an  in  til- 
tratiun  with  some  form  of  gelatinous  tissue.  This  has  been  ionnd 
to  ennsist  nf  a  miiein-likc  su!)stanei',  often  associated  with  inen^ase 
of  the  adijjose  tissui'  itself.  The  skin  fd'  tbe  j^mtient  is  pallid  and 
exceed iuirly  dry;  the  hair  falls  out,  and  n^rvons  syiiijitoms  are 
deveiop(*d.      Eventually    intelleetiHU    may    be    almost    destroyed. 

The  resemlifanee  of  these  diseases  to  the  symptoms  |)rodueed 
Uy  operative  i^^moval  of  the  thyroiit  gland  makes  it  certain  that 
disease^  of  the  thyroid  is  the  fundamental  eouflition  in  cretinism 
and  myxedema.  This  liict  is  still  more  el  early  demonstrated  by 
tlie  ninnenius  eureis  of  these  dis(*ases  following  ini|>lantation  of 
8heeps*  thyroids  in  the  peritoneal  cavity,  and  especially  the  feed- 
ing of  thyroid-gland  tissue  or  extracts. 
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Graves'  disease  has  been  referred  to  io  connection  with 
goiter.  The  cardinal  symptoms  of  this  disease  are  enlai^ment 
of  the  gland,  palpitation  of  the  heart,  exophthalmos,  and  mus- 
cular trr^mor.  The  pathology  of  the  disease  has  not  as  yet 
been  fully  determined.  It  seems  likely,  however,  from  recent 
investigations  that  the  thyroid  disease,  from  whatever  cause  it  mav 
result,  is  the  primary  disorder.  Removal  of  large  parts  of  the 
gland  has  been  found  to  control  the  symptoms  of  Graves'  disease 
m  a  large  number  of  cases,  and  the  feeding  of  thyroid  extract  for 
a  long  period  of  time  produces  s^^mptoms  like  those  of  Graves' 
disease :  rapid  action  and  palpitation  of  the  heart,  exophthalmos, 
and  tremor.  According  to  the  view  here  expressed,  the  symptoms 
which  together  constitute  Graves'  disease  are  probably  due  to 
overproduction  of  thyroid  secretion ;  they  are,  in  fact,  the  result 
of  hyperthyroiditnn.  The  opinion,  however,  is  held  by  others  that 
Graves'  disease  is  primarily  an  affection  of  the  nervous  system. 

THE   SUPRARENAL   BODIES. 

Anatomic  ConsideratioiiS. — The  suprarenal  bodies  are 
composed  of  a  cortical  and  a  medullank'  portion,  and  are  enclosed 
in  a  fibrous  capsule  from  which  septa  extend  into  the  substance. 
The  cortical  portion  is  composed  of  aggregations  of  polygonal 
cells  which  frequently  contain  fat-<lroplets.  Three  layers  are 
distinguishable  in  the  cortex :  an  outer  zone,  in  which  the  cells 
are  arranged  in  oval  masses ;  a  middle  zone,  in  which  they  form 
cylindrical  columns  extending  toward  tlie  medullar}- ;  and  an  inner 
zone,  com]X)>RHl  of  irregularly  anastomosing  columns  of  cells.  The 
cells  of  th(»  middle  zone  are  deeply  pigmented  and  contain  abun- 
dant granular  and  globular  fat.  Tlie  medulla  of  the  gland  consists 
of  similar  polygonal  cells  arranged  in  cords  or  irregularly  anasto- 
mosing columns.  Between  these  are  found  large  venous  channels 
and  numerous  non-medullate<l  nerve-fibers,  together  with  ganglion- 
cells.  The  fibrous  septa  of  the  gland  contain  blood-vessels  and 
Ivmphatics. 

CONGENITAL  ANOMALIES. 

Accessory  suprarenal  bodies  may  be  found  in  the  vicinity 
of  the  main  hrxly.  Of  peculiar  interest  are  the  portions  of  supra- 
renal tissue  found  in  the  ca])sule  or  cortex  of  the  kidney.  These 
"  rests "  may  subscfjuently  ])rolifenite  and  form  tumors  of  the 
kidney  (see  Tumors  of  the  Kidney). 

Occasionally  the  suprarenal  Ixnlies  are  found  in  unusual  situ- 
ations. 

DEGENERATIONS. 

Fatty  degeneration  is  normal  in  adults.  It  aifects  the 
cortex,  giving  this  layer  a  yellowish  color.      The  substance  of 
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the  cortex  may  separate  through  \\w  oniMli'  zone,  forming  a 
eavity  sitg-gesting  a  cyst*  This  is  pmiiuhly  in  |>art  a  jio^t-jnorteni 
prrRlnctiidi. 

Pigmentation  is  ohservi^d  in  the  4-0 lis  <^f  Xhv  mvAuWavy  por- 
tion,  espet'ially  in  jM-rsoris  uf  ailvaiieed  age. 

Amyloid  degeneration  fKeurs  in  eonnection  with  amyloitf 
disease  of  <itiier  orgtins,  Tlie  f^a{>nireiial  bcwly  l)eeomes  hartl  and 
of  a  grayish,  tmnsliieent  ajipeanuict'.  The  degeneration  affcH*ts 
the  walls  of  the  hlmjd -vessels,  fmni  which  it  extends  to  the  con- 
nective tissue.  The  glamlular  portions  miXvr  pressure-atrophy. 
The  cortex  is  more  frequently  involved  than  the  medulla. 


INFECTIOUS  DISEASES. 

Tuberculosis  of  the  suprareiml  body  is  the  most  important 
of  its  diseases.  Milfartf  fiifjerch.s  may  l)e  met  with  in  eases  of 
geneml  tuberculosis,  but  a  fibracasmftja 
form  of  the  disease  is  nmre  frecpient  and 
of  m ueh  greater  sign  i tieanee.  Th  e  gland 
19  enlarged,  s(imetim(*s  ri^aehing  thi'  size 
of  an  Q^g]  it  is  hard  and  usually  rather 
nodular,  or  irregular  iu  outline.  Tlie 
capsule  is  thickened^  and  the  Buhstance 
of  the  gland  is  com (x^sed  of  dry,  yellow- 
ish cheesy  matter,  or  of  a  pnriffirni  mate- 
rial (Fig^  268).  In  the  later  stages  the 
easeous  or  purifiirm  matter  may  be  in- 
spissate'd,  ami  tilirous-tissui'  grunth  muv 
convert  the  entire  body  into  a  shrivellctl, 
hard  mass  of  eomieetive  tis^sue.  Some- 
times one  gland  alone  is  involved  ;  more 
frequently  the  ijiscase  oeeurs  bilaterally. 
TubiTcuIosis  of  this  form  rniiy  he*  pri- 
mary, but  usually  is  secondary  U*  fuber- 
culosis  of  the  lungs,  intestines,  or  4ither 
organs.  The  genend  etlects  of  this  <lis- 
ease  will  be  discussed  below  (see  Addi- 
.Hon^s  Disease). 

Syphilis  (wcurs  in  the  fV>rm  iA' 
gmrunata.  ITnjfnrm  fatty  degeneration 
of  the  suprarenal  body  has  been  met  wah  in  congenital  syphilis, 

CIRCULATORY   DISTURBANCES. 

Hemorrliage  is  comparatively  nire.  It  may  rx'cur  in  asso- 
ciation witii  hemnrrhagie  iliscases,  or  severe  anemias,  es|]K.*cial]y 
leukemia.     Sometimes  it  is  caused  by  traumatism^  or  by  obstruc- 


Fl'i-  1!68,— Cftst'tius  tiiliHTrnlf!! 
sis  of  tht^  aijpmrenHl  luKly  (Kaat 
and  RuiLipul>. 
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tion  of  the  venous  circulation.  The  hemorrhage  may  be  inoon- 
ftiderable,  or  may  be  quite  large.  In  the  btter  instances  second- 
an'  rupture  of  the  hematoma  may  cause  death  by  intraperitoneal 
hemrirrhage,  or  a  liemorrhagic  cyst  may  result. 

INFLAMMATION. 

Inflammatioil  of  the  suprarenal  body  is  very  rare.  A  simple 
and  a  hemorrhagic  form  have,  however,  been  described.  Abscess 
may  occur  in  consequence  of  pyemia,  or  as  a  secondary  condition 
following  other  forms  of  suprarenal  disease. 

TUMORS. 

Sarcoma  is  the  mi)St  frequent  form  of  tumor.  Melanotic,  as 
well  as  unpigmented,  varieties  are  met  with.  The  tumor  may 
reach  considerable  size,  and  may  destroy  the  gland  completely. 

Adenoma  and  carcinoma  may  arise  from  the  cells  of  the 
acini.  Histologically  these  tumors  resemble  the  normal  gland  in 
their  structure,  and  the  term  adenoma  is  perha})s  more  suitable 
than  carr.*inoma.  The  tumor  occurs  as  a  nodular,  irregular  growth, 
often  of  a  yellowish  or  brownish  (*olor ;  it  most  frequently  arises 
from  the  cortical  portion  of  the  gland. 

Gliomata  of  the  suprarenal  Ixxlies  liave  been  descril)ed,  but 
it  is  doubtful  whether  theses  tumors  are  tnie  gliomata.  Nenroma 
is  a  rare  form  of  suprarenal  tumor. 

Secondary  sarcoma  and  carcinoma  are  not  infrequent. 

Timiors  of  the  ci)rtex  of  the  kidney,  having  the  structure  of 
suprarenal   tissue,  are  desi'rilKKl  under  Tumors  i»f  the  Kidneys. 

GENERAL  EFFECTS  OF  SUPRARENAL  DISEASES. 

Tli«;  physiology  of  the  supnin^nal  ImmIv  is  still  obsiMire.  It  is 
quite  generally  believed,  however,  that  this  gland  hohls  some  rela- 
tion to  ])igin(nt-formation,  Jis  well  as  to  the  cinuhition,  either 
through  the  action  of  substances  elalnirati-d  within  the  gland  or 
through  the  nervous  system.  The  last  is  siiirgested  by  the  abun- 
dance of  n<Tvous  tissue  in  the  ghind. 

Addison's  disease,  in  which  fihrr>caseoiis  tuberculosis  of  the 
suprarenal  ho<lies  is  commonly  ])resent,  is  an  affection  character- 
ize<l  l)v  brownish  pigmentation  of  the  skin  of  ex])osed  ])arts  of  the 
bfKly  ffaec-,  neck,  and  han<ls),  and  of  the  skin  in  the  flexures  of 
the  joints,  uv  in  other  ])arts  subjected  to  j>ressnre.  The  pigmenta- 
tion usually  <K*curs  in  a  mottled  form  at  tirst,  i)nt  soon  l)ecoraes 
uniform,  lirownish  or  j)urplish  spots  upon  the  mucous  mem- 
branrs  (month)  are  not  unusual.  Besides  pigmentation  the  char- 
acteristic symptoms  are  great  weakness,  (listuri)ances  of  the  stom- 
ach (vomitinir),  and  cardiovascular  asthenia. 
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Though  fibrocaaeous  tubcn-iilosis  of  the  supniirnal  gland  is 
disc'/>veit*d  in  many  t^a^s,  Addison's  disr^asp  niiiy  ix^fiir  in  associa- 
tion with  other  affections  of  tlic  suprarenal,  snch  as  humors  ;  and 
it  may  be  absent  despite  tlic  cxist-i'iicc  of  tuberculosis  or  of  other 
diseases  of  both  of  the  glumls.  The  absence  of  Addison^s  dis- 
ease in  the  latter  cases  has  been  explaim^l  by  some  writers  by  the 
assumption  that  the  suprarenal  disease  had  not  existed  long  emmgh 
for  the  developinent  of  the  symptoms  of  Addison's  disease.  Occa- 
sionally altenitions  in  the  sympatbetic  nervous  system  (semilunar 
ganglia  and  solar  ph*xus)  have  been  discovered  when  the  supra- 
renal glands  were  apparently  normal.  No  explanation  of  such 
cases  can  be  made.  It  must  be  accepted  at  the  pres^'iit  time  that 
tlie  supraremil  b<Hlies  are  in  some  way  concerned  in  the  etiology 
of  the  disease.  The  disease  of  the  gland  need  not,  lnjwever,  be 
of  any  s|>eeial  sort 

Lewin  fouml  among  '281  cases — typical  eases  of  Addison's  dis- 
ease with  sound  adrenals  20  percent. ;  typieal  eases  nf  Addison  s 
disease  with  diseased  adrenals  80  jiereent. ;  disease  of  adrenals 
without  bronzing  28  |iereent, ;  disea.sc  of  adrenals  with  broui^ing 
72  percent.  He  reports  three  cases  of  Addison's  disease  with 
tuberculous  adrenals  and  a  single  ease  of  the  ilisease  asscK'iatctl 
with  a  simple  atn^tliy  of  the  adrenals.  In  Addisi^n's  original 
paper  he  included  threes  cases  of  secondary  cancer  of  the  adrenals. 


CHAPTER  VII. 


DISEASES  OF  THE   URINARY  ORGANS. 


THE    KIDNEYS. 


CONGENITAL   ANOMALIES. 

Arsence  of  one  of  t lie  kidneys  is  fre^picntly  observed.  Ocea* 
Bionally  one  kidney Jnstcad  of  bcintr  completely  absent,  is  atrophic 
or  hyjxjjdastie.  Tfu'  c>pposite  kidney  may  underiro  compeusttory 
hypertrophy.  Both  kidneys  may  be  wanting  in  certain  monstros- 
ities. 

Conprenital  lobulation  is  quite  common,  and  is  usually  bilateral. 
The  kidney  is  divided  into  separate  Iol>cs  by  furrows  of  variable 
depth*  Occasionally  there  is  almost  ccmiplete  st^paratiiui  into 
numerous   lobules. 

A  few  instances  liave  been  observed  in  wbii'h  there  was  a 
third  kidney,  and  usually  in  these  eases  two  of  the  kidneys  lyinj^ 
to  one  sitle  of  the  spinal  colunm  were  agglutinated. 

Fusion  of  the  two  kidneys  may  occur,  ajid  tliere  may  r<-sull  a 
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^\u(f\e  larg^  org-an^  witJi  a  <l(Mihlo  pelvis  and  urettT  lyinf^  to  one  or 
the  other  side,  or  a  horsesimt'-kkbuif  may  Ije  JbrmeiL  In  the  hitter 
the  two  organ.^,  whieh  are  gf^nerally  displiieed  far  downward,  are 
united  at  tlieir  h»wer  trids  by  a  eoiimits.sn re  piLssing  aerot>s  the 
spine  just  above  the  InrnlKLsaeral  jnnetion.  The  eammisi?ure  naay 
consist  f>f  normal  kidney-tigrtoe^  or  may  In*  fibrous ;  more  com- 
monly tile  former* 

Congenital  cysts  and  .other  congenital  diseases  will  be  referred 
to  below. 

CHANGES  OF  POSITION, 

Congenital  Malposition. — Not  rarely  one  of  the  kidneys  is 

dlsplaeefl  df)wnwanb  It  may  even  occupy  the  pelvis.  In  other 
cages  it  h  tlisplaeed  latern Uy  or  forward,  and  may  be  fonnrl  inmie- 
diately  beneath  the  anterior  alxhmiinal  walls. 

Acquired  malpositions  may  result  imnx  presi^ure  ujkju  the 
org-an,or  from  elon^^ation  of  the  peritoneal  reflections  covering  the 
kidney  and  absor|ition  of/ the  perirenal  fat.  The  right  kidney  is 
more  frequently  displaced  than  the  left,  and  the  condition  is  espe- 
cially common  in  women.  Kepeated  pi'egnaneies,  the  efiects  of 
tight  lacing,  and  diseases  or  displaeement  of  the  liver  are  prom- 
inent canst^s.  Movability  or  displaeement  of  the  kidney  may  be 
but  a  part  of  a  general  visceral  descent  {i<pla})rhftojdosif<). 

Several  grades  of  movability  or  displacement  may  be  dts- 
tingnished.  In  the  firnt,  the  perirenal  fat  is  wanting,  and  the 
kidney  i^  more  movable  beneath  its  peritoneal  covering  than  18 
nc^rmab  Tliis  oceurs  in  a  larg*,^  projiortion  of  women,  and  osn- 
aliy  ailet^ts  the  nglit  kidney.  In  more  advanced  grades  the 
peritoneal  retlciHion  eovering  the  kidney  is  elongsited  and  con- 
siderable nio%'ability  of  the  orgjm  within  the  abdomen  results. 
The  kidney  may  be  moved  from  side  to  side,  downward  as  far  as 
the  pelvis  in  some  eases,  or  upward  to  the  normal  position  or  under 
the  ribs.  In  a  third  group  of  eases  the  kidney,  lying  within  an 
elongated  ptTitoneal  [>ouch,  is  retained  in  an  abnormal  position 
by  adhesions. 

Results. — Twisting  of  the  pedicle  may  lead  to  serious  circula- 
tory disturbances,  and  twisting  of  the  ureter  to  retention  of  urine, 
sometimes  causing  bydroncplirosis.  Pressure  of  the  displaced 
right  kidney  upon  the  diaxlcnuni  may  lead  to  dilatation  of  the 
stomach* 


CIRCULATORY  DISTURBANCES- 

Anemia  of  the  kiibu^y  may  m-cnr  as  a  part  of  general  anemia. 
The  kidney  is  light  in  eolor  and  nither  hard  in  the  earlier  stages; 
but  if  the  anemia  persists  degenerative  softening  and  enlargement 
may  ensue. 

Complete  arrest  of  the  blood-supply,  produced  ex pri mentally, 
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lpa<ls  to  nipid  necrosis  of  the  kidnt'V,  the  orgiiii  Ijfooniing  ashiai- 
^rav  In  color  and  nf  a  hoi tio^t* neons  stnu'ture,  .so  that  the  s«^|mnite 
|iarts  (cortex,  ineilulta,  pyranuds)  are  iiidisthignishal*k\  Near  the 
et^rtex,  where  some  cireulation  is  maintained  by  the  capsular  ves- 
sels, fatty  degenemtioii  is  observed.  Somewhat  similar  changes 
ar«*  met  with  in  ci re nrn scribed  areas  in  diseases  in  wliich  the  circu- 
lation in  branches  of  the  renal  artery  is  obstrueted  (see  Embolism). 

Active  hyperemia  <vf  the  kidney  is  *renendly  a  part  of  aente 
iuflaraination.  It  may  result  from  irritant  chemie^il  poisons  or 
from  the  toxic  at^tion  of  infeetious  poisons.  The  kidney  is  en- 
largeil,  dark  red  in  color,  an*l  on  section  the  cortit^al  substance  is 
found  to  be  swollen  and  marked  liy  dark-red  points — the  Mal- 
pighian  iKxiies.  Htimetimes  punetate  f>r  linear  hen>orrhages  may 
Ijc  observed.  The  urine  is  somewhat  albuminous,  and  hyaline 
castH  occur.  It  is  ilifticult  to  draw  a  sharp  line  between  this 
condition  and  acute  nephritis. 

Passive  hjrperemia  CH?€urs  in  (*ardiac  and  pubnonary  diseases 
which  impede  the  circulation,  or  rarely  as  a  conse(|Uenee  of  thrum - 
bosis  of  the  inferior  vena  cava  or  renal  veins,  or  of  other  local 
causes  ol>structing  the  t^ireulation  in  the  renal  veins.  The  kidney 
is  enlarged  and  on  section  the  cortex  is  found  to  be  swollen,  the 
substanee  of  the  kidney  dark  rwl  in  color,  particularly  in  tlie 
pynimids  in  the  vicinity  of  the  large  veins.  The  Malpigbian 
bo4lies  may  be  distinctly  enlargetl  and  ilark  ivd. 

LiHig-standing  passive  congestion  leads  to  reactive  hyperplasia 
of  the  interstitial  eouneetive  tissue  of  the  organ,  and  thus  to  a 
form  e>f  .vcco/ir/ar//  infrrstHnd  H*'iiltrifi<  In  these  eases  the  ki<lney 
becomes  eontmctefl,  the  surface  somewhat  irregular,  and  the  eap- 
snle  ofttimes  adlierent.  The  org^an  may  l)e  intensely  hartl  anci  pig- 
mented^ and  the  term  rtfatiofte  in^iarafion  is  apprt^priate. 

The  urine  in  {>assive  hyperemia  is,  as  a  rule,  delicient  in 
quantity,  and  contains  varialilc  quantities  of  albumin  and  hyaline 
or  gmrudnr  tub(^-eastvS. 

Hemorrhage* — Fnminte  hemotrlmge^  may  occur  in  cases  of 
intense  active  or  i>assive  hyperemia,  the  extniva,sation  of  blooil 
o<rcurring  in  the  intci-stitial  tissues,  in  the  urinifertms  tubules,  or 
wntliin  the  ea]>sule  of  Bownian,  Similar  hemorrhagt^s  may  be  ob- 
served in  acute  nr  chroni*'  nephritis.  In  these  cases  the  extnivu- 
sation  of  IiIcmhI  may  occur  by  ciiapcdesis  or  [)v  actual  rupture  of 
the  capillaries.  Small  hcmorrliagt^s  may  occur  in  the  j»erirenal 
tissues  in  certain  of  the  heniorrhagic  disea.ses*  Lnrgr  hcnvtrrhfigt\H 
(K'cur  within  the  kidney-sulistance  tmly  in  easels  of  traumatism, 

^dema  of  the  kidney  ivsults  ^v^mi  obstrnetif>n  of  its  venous 
eireidation.  I'be  kidney  I >eeomes  enlarged  and  soft,  and  the  spaces 
between  the  convoluted  ttdinles  (the  primary  lymphatic  spaces)  arc 
distinctly  enlaig;ed.  There  is  associated  congestion  in  these  tmnes. 
Simple  e/lcma  of  the  kitlney  may  result  from  ol>struction  of  the 
urinar>'  out  How. 
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Thrombosis  »»f  the  rt^nal  vein?^  <ir  their  branches  i*  rare.  It 
caus4^8  iiitriise  livjMTenna,  hemorrlia^^^s,  and  edema,  and  later 
neeroi^is  and  deg-ene rations. 

Smbolism  is  ven^  eamnioii  in  the  branches-  of  the  renal 
arteries,  especially  in   cases   of  disease  of  the  aortic   valves  or 

atheroma  of  the  aorta,  with  fibrin- 
oiLs  deposits  upon  tfie  athiTr^nui' 
tons  areas.  The  blood-vessels  of 
tlic  kidney  Ci)rres|K>Qd  closely  to 
the  conception  of  terminal  arteries, 
and  infarction  is  therefore  the  nsiml 
result.  In  most  cases  the  infarcts 
arc  light-t^'olori'd  areas  (anemic  in- 
farcts) having  a  wedge  .shajKi,  the 
base  of  the  wedge  being  directed 
toivard  the  capsule  of  tlie  organ. 
A  zone  of  reactive  hy|K*remia  i»r 
hemorrhage  nsually  sepamtes  tlie 
infarct  fri>m  the  surrounding  strtiet- 
yres  (Fig.  *2tJ9),  Less  frecpieiitly 
there  nrv.  purely  hemorrliagie  in* 
Carets,  the  entire  area  bei  ng  dark  red 
in  color.  Minute  emboli  may  lead 
merely  to  punctate  hemorrhjiges 
within  the  kidney,  or  to  e(*chy motic 
extravasiitious  un  the  siirfac*'. 

The  wliite  <*r  ainMiiic  Infarrt^ 
umlerg«j  gradual  necrosis  and  i\\h 
wirption,  with  cicatrization  or  i'rie^a|»sulation,  the  eoiitcuts  in  the 
latter  ease  remaining  as  a  dry  detrituj^.  Tlie  licniorrhngic  iufarctn 
niort*  commonly  S(»ften,  anil  tinally  t<*rminate  in  cicatriiaition  or  in 
fhr»  fijnuation  of  small  cysts.  In  cases  f»f  infective  embolism  the 
aneuijr  or  hcmorrhiigit'  inlarcl  may  rapidly  break  down  and  form 
a  metastatic  abm'css. 

INFLAMMATIONS. 

Inflammation  of  llir  kidneys  may  aii'cct  the  snbstance  (ncjihri- 
tiM),  thf  mucous  membrane  of  tlie  pelvis  ( pi/dUi^}^  c»r  the  capsule 
and  pi'riphcml   [lortions  {perinephritiii). 

NEPHRmS. 

Nephritis  is  t\w  tonu  given  to  a  number  of  f(»rms  of  degen- 
cndiou  ami  iidlammation  of  the  substance  of  the  Ixiflney.  The 
ivtiii  Ih'ight's  *Us(  as*'  if  a  cliniral  ratluT  than  p:illit»logic  one,  beintr 
applit'd  to  various  kinds  of  kidneynlisease  attended  with  alhumin- 
uria  ami  ilropsy.  As  a  rule,  however,  the  name  Bright's  disease 
and  neplu^iti*^  are  used  synonymously. 


VlO.  2«W.— AniMiilr  tnfuroiji  *)f  the 
ktdney  Kurntitticlf^rl  by  n  ximi-  *»f  bL^mor- 
rhiitcl)^  inlUirNiitiii  (KMufnitiiiii). 


Nephritis  may  be  aciito  *)r  <*lironic  ;  iiiid  pareiiehynuitons,  rlif- 
ftLsp,  or  inl*'rstitial.  Tlie  term  pannrhtffnnfou.H  is  applied  to  eases 
in  wliieh  degenerative  ehanges  in  tlie  epitlieliiini  of  the  tuhuh^s  or 
glomeruli  are  the  most  eons]>i<"iiniis  feature  ;  the  term  tfilftim  is 
applii*tl  when  exmlative  or  prolitV-rative  ehLint^es  at!eeting  the  eon- 
net'tive  tissues  between  tlir  tubnlen  and  aroujid  tlie  ^hmieruli  and 
blood-vessels  are  lissrM'iated  in  tnore  or  less  ecpial  prt»portions  with 
the  mrenehymatons  e  ha  ages ;  and  the  U^rni  InifTstitttd  itephritiM  is 
UBeif  in  eases  in  which  exuilative  and  espe<"ially  proli lenitive  ehanges 
are  alone  eonspieui>ns. 

Etiology. — Nephritis  is  tbie  in  tiie  majority  «if  eases  to  irritants 
which  reach  the  kidney  through  the  eireulatiem.  Intense  aeule 
nephritis  may  resrdt  fnrm  various  [Mjisons,  paitienlarly  such  as 
attaek  the  [>arenehynia  of  organs,  and  are,  therefore,  known  as 
parenehyrna-[xvisi>ns.  Amont^^  these  arsenic,  meR-nry,  phosphorus, 
cantliarides,  and  tnrpentine  are  conspicnous,  A  second  (jronp  of 
cases,  and  |>erhaps  the  lar^^cst  of  all,  owe  their  fn^ig^iu  to  infections 
ii(  various  kinds.  Nephritis  is  a  common  complieation  or  sefpiel 
of  scarlet  fever,  ehoicra,  septicemia,  diphtheria,  and  many  otht^r 
infectious  diseases.  In  these  eases  the  niicrt>orgsinisnis  them- 
selves may  reach  the  kitbiey  thronij^h  the  circulation,  as  in  typhoid 
fever,  anthrax,  or  pneumonia,  or  the  renal  irritation  may  l>e  caused 
by  the  toxins,  as  in  chok'ra  luid  diphtheria.  Sometimes  infeetions 
nephritis  is  eryptoi^cnetic,  the  )>ortal  of  entranee  of  the  micro- 
organisms being  entirely  obm-nre.  In  snch  i-ases  streptm^oeei, 
particularly,  are  ope  rati  v^e.  Certain  chronic  infeetions  lead  to 
uepliritis  by  the  action  of  the  toxins  or  by  slow  nutritive  distnrlw 
ances.  Such  is  tln^  ease  in  syphilis,  tnhercnlosis,  and  malaria. 
Antointoxi<*atiou  oees^sions  certain  cases,  as  in  the  nephritis  of 
gout  and  lithemia. 

In  a  small  proportion  of  tlie  cases  nephritis  results  from  irri- 
tants reaching  the  kidney  thrc^ugh  otiier  etuinnels  than  the  eiriMi- 
latioUj  as  in  pyelonephritis,  a  emidition  consef(Uent  upim  inflam- 
matory processes  aseLndiutr  from  the  bladder  and  ureters,  or  as  in 
nephritis  seeiindary  to  extrarenal  disease  (jKSoas  aliseess). 

Luw-^ra<te  renal  intlanimatiou  may  result  from  chnmic  eongen- 
tion  of  the  kidjieys  in  consetpience  of  eardiae  and  jndmoiniry  dis- 
cmse.  In  i-ertain  eases  also  it  is  likely  thiit  arterial  disease  affect- 
ing the  renal  arteries  in  eoninum  witli  cither  nrteries  of  the  bridy 
may  initiate  renal  chauge\s  ev^'utuating  ina  elinjuie  interstitial  form 
of  nephritis. 

Pathologic  Anatomy.— In  (Considering  th*'  morbid  anatomy  the 
terms  pareuehynuitous  and  interstitial  are  pivserved,  with  the 
understanding  that  tliey  are  not  strictly  apptinible  to  any  given 
case.  Pun'  ]>anHiehymatous  inflammatifin  does  not  exist,  nor  does 
interstitial  uejihritis  occur  without  any  parent-hymatous  changes 
Diifnse  nephritis  is  considered  umler  the  heading  parenchymatous 
nephritis. 
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Acute  ParenchymalDiiS  Nephritis;   Acute  Bright's  Disease. 

Tliis  re,Hults  niMst  fVr^^iu^ntly  from  inftrtinus  fevers  anil  tn\i(» 
afiji?nts.     It  is  mure  eumnum  in  yoini*^  pf^rsoii.^  than  in  the  *»ld. 

Acute  Degenerative  Nephritis. — ^Tlie  proicsy  in  this 
eomhtictn  may  be  almni-it  purely  jxirenehyniatuns  in  nature,  and 
myrt^  nearly  allied  to  pare  defeneration  thnii  to  inflatnraa- 
tion.  The  epithelium  of  the  tuhnles,  espeeially  in  the  eonvo- 
lutetl  portions,  and  to  a  certain  extent  also  that  coverrnj^ 
the  glomeruli,  is  swollen,  clondy^  ami  eonsiderahly  de^*qna- 
niated.  Emignitetl  leukiXTtes,  and  occasionally  rtnl  eorpuj^eles, 
are  fnuiid  within  the  tubules  and  the  capsule  of  the  Malpiofliian 
bodies,  Tlie  term  acide  catarrhdl  ur  dej^tjnamatirr  mpltnti^  is 
more  or  less  apprfipriate  in  sneh  caaeBi  The  kidney  is  enlarged, 
soniewluit  swollen^  and  generally  mther  pale  in  eoh^r.  The 
chaD*^es  are  most  marked  hi  the  c(jrte\%  which  is  thicker  than 
normal,  and  by  its  liglit  or  dor  contrasts  strongly  witli  the  pyra- 
mids, Tlie  eapside  strips  easily.  In  most  eases  tlie  aflection  is 
one  of  slight  severity. 

Acute  Glomeniloiiephritis* — ^In  another  grraip  of  eases, 
crcurriug  most  cummonly  in  scarlet  fever,  tiie  ghimeruli  are 
primarily  attacked  and  most  severely  affected  throughout  the 
disease.  Such  crises  are  designated  f/ifjtna^iwtt'jjht'iti^.  I'he  epi- 
thelium of  Btnvnian's  capsule  may  or  may  not  be  involved  ;  when 
it  is,  the  cells  are  swolleu  aud  show  hyaline  change,  and  the  cap- 


Fio.  270.— Atuit*  pi  ( I  mom  Ion  eph  litis:  a,  Toscular  tune  in  itie  Malplglitim  bodies,  sur- 
rounded by  uHiumlnuus  eiudAte  and  proliferated  capsu)&r  eplthtlium* 

sular  Space  contains  an  albuminous  exudate.  The  Malpighian  tuft 
is  chiefly  attacked;  it  is  usually  enlarged,  and  in  the  early  stages 
shows  an  increase  of  cells.  This  increase  of  cells  may  l)€  so  great 
as  to  eonipletely  obscure  th**  eapiilaries.  In  the  later  sttiges  the 
walls  of  the  capilkirie>  are  thickened,  the  lobulation  of  the  tufi  is 
more  distinct,  aud  hyaline  masses  may  be  seen  iu  some  of  the 
lobnles.  The  increase  of  the  cells  is  chiefly  due  to  proliferation 
of  the  vascular  endnthelinm  ;  however,  pf>lyniorpbonuelear  leuko* 
cytes  and  lymphocytes  may  be  present.     Distinct  hemtirrlmges  into 
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the  capsular  sj^at'u  ami  ikhtosis  of  the  celLs  of  the  cflpsulo  aiitl  uf 
the  tuft  sometimes  occur. 

Acute  diffuse  nephritis  is  the  ordinary  lorm  of  acute 
Bri^ht'rt  disea.so»  and  is  the  ronn  in  which  either  of  the  two  pre- 
eediiig  are  prone  to  terminate.  The  kidney  is  enlarged,  and  some- 
times eonge.sted  and  red  in  enhir ;  at  other  times  it  i.s  tight-(!t dared 
or  even  yellowish  in  eouseqiieuce  of  the  epithelial  degeneration  and 
the  anemia  eiinsed  by  pressure  due  to  the  epithelial  swelling.  On 
see t ion  the  cortex  is  much  increased  in  widtli,and  when  congestion 
exists  it  is  more  or  less  niotlh-d,  showing  spots  or  streaks  of  reddish 
color,  the  intervening  portions  of  the  suhstanee  being  gniyisli  or 
yellowish  in  hue.  In  other  cases  the  entire  cortical  snbstance  is 
iinifurinly  gray  or  yellow.  The  latter  appearance  is  prone  to  occur 
in  cases  of  conmderahle  duration.  In  intense  acute  cases  there  may 
l)e  punctate  or  linear  hemorrliages^  especially  toward  the  surftice 
of  the  organ,  and  the  entire  organ  may  In^  of  a  dark-red  color.  In 
all  eases  the  capsule  strijjs  easily  from  the  nrjderlying  substance. 

Microscopically  the  changes  are  most  varied.  In  all  eases 
there  is  more  or  less  degeneration  of  tlie  epithelium  of  the  con- 
voluted tntjules  and  of  that  in  the  Malpighian  bodies.  In  the 
earlier  stages  the  cells  become  swollen  and  granular  (floudy  swell* 
ing),  while  in  advanceil  stages  tljcy  may  lie  filled  with  gniniites 
or  droplets  of  fat  (fatty  degeneration).  On  the  other  hand, 
cases  of  great  intensity  may  be  marked  from  the  vcr}'  first  l)y 
complete  necrosis  of  the  epithelial  cells.  Similar  clianges  may 
be  met  with  in  the  epithelium  of  the  Malpighian  Ijodies,  and  the 
latter  may  be  converted  into  granular  masses  in  which  the  capil- 
lary tufts  are  more  or  less  obscured.  Associated  with  these  purely 
parenchymatous  changes  are  found  evidences  of  interstitial  involve- 
ment in  the  presence  of  masses  of  rounil  cells  between  the  tubules 
and  in  the  vicinity  of  the  Malpighian  borlies.  Active  prolifc^ration 
of  the  connective  tissues  is  also  observed,  tliough  less  markedly,  in 
the  same  situations.  Certain  cases  are  distinguished  liy  their  spe- 
cial tendency  to  hemorrhagic  extravasations  into  and  aroimd  the 
tubnles  and  into  the  Malpighian  bodies.  To  such  the  name  acute 
hemorrhaf/k'  neithrUii<  is  sometimes  applied.  This  variety  is  es|w- 
cially  common  in  intense  septic  or  infectious  eases,  particularly 
such  as  are  attended  with  minnte  end>oIism  of  the  renal  arterioles. 


Acute   Interstitial    Nephritis. 

Acute  interstitial  nephritis,  non -suppurative  in  character, 
may  occur  during  the  course  ol'an  infectious  disease.  The  kidney 
is  of  a  grayish  ojtaqiie  color^  usually  nu^tthnl  with  irregular  hyper- 
emic  areas.  Ou  section  the  uoriiud  markings  an*  somewhat  ob- 
literated^  and  the  contrast  between  the  cortex  and  tlie  |iyraniids 
is  less  marked.  Tl*e  interstitial  change  may  lie  ditfuse  or  in  areas 
only*     Jt  is  usually  most  marked  at  the  juncture  of  the  cort-ex  and 
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raedolk,  in  the  reginn  of  n  pjlimiorului^  or  direetly  iindt^r  the  cap- 
sule, Thf  bliwul-vessclsof  tlii'  kidrifv  are  always  uivoIvcmJ,  The 
fells  found  in  tlie&e  areas  are  pniliferatirif:  eojineetive-tisfiae  cells, 
pc^lymorpliniiuelear  leiikfKjyte>,  lyniphorytes,  or  plasma-eel  I'?, 

Defeneration  of  the  epithelial  <"ells  in  the  ncit^hiHirintc  tnlnde.s 
may  or  may  not  hv  jn-cst* nl. 

Suppurative  nephritis  nmy  result  from  nietat^tatie  involve- 
ment of  tlif  kidnry.s  in  eases  of  general  sept i ropy enda,  i'nmv  ascend- 
ing inrtamniation  in  assoriation  with  pyelitis,  or  fnym  involv^'nient 
of  the  kidney  in  eases  of  suppurative  disease  in  the  vieinity. 

Embolic  suppurative  nepluritis  is  ehanirterized  by  the  form  ii  I  ion 
of  small  tVn'i  of  suppuration  in  tin*  snbstanre  ot'  the  organ,  t^sjte- 
eially  toward  the  periphery.  These  may  oeeur  as  nier*"  points  of 
yelkiwish  eolor,  or  they  may  lie  snrronntle*!  by  a  eonsiderable  ztme 
of  hemorrliagie  iniiltmtion.  The  surface  of  the  organ  may  he 
studdt'd  with  small  elevated  |>oints,  and  as  the  proeess  advanees 
hirger  foei  may  form  by  eonflueni'e.  Microseopirally  the  ehanges 
are  found  espeeially  in  the  vi(»inity  of  the  jialpighlan  bodies. 
Small  eapiliaries  are  eomnionly  ftiutKl  more  or  leFs  obslrneted  with 
mvlnilie  |>bigs.  Hemorrliagie  extravasation  is  usually  marked, 
an*l  the  aernniulations  of  lenkix*ytes  leading  to  suppuration  are  the 
eharaeteristie  feature.  Degenerative  ehanges  are  seen  in  the  epi- 
thelium of  tlie  vieinity,  and,  if  the  ease  has  persisted  ibr  a  eertain 
leni^tli  of  tinu%  tin*  ]i:irenc'liymat(His  ebangis  may  be  (jnite  extensive* 

In  errtain  in  fret  ions  fevers  miero-orgauisms  eseape  from  tlie 
blocKl  through  the  kidneys  (pneumonia.  t\|jhoid   iever»  iuithrax). 


Fio.  :271,— Pyelonephritis,  showing  lines  of  A^cciKUng  iupporMlon  (Kauftnann). 

In  sueh  cases  it  is  possible  that  the  baeteria  whieh  have  been  ex- 
creted may  eause  infeetion  in  tlie  lower  parts  of  the  urinifertms 
tubules.     Tire  oeeurreneo  of  such  nepliritis  is  uneertain. 

Suppnratirf  pifehmephrlih  oeeurs  in  eases  of  suppurative  pye- 
litis, espeeially  in  eonsei|uenee  of  impaetion  of  ealeuli  in  the  i>elvis, 
Iti  the  earlier  stages  small  linear  areas  of  light  color  are  seen  in 
tlie  pyramids  and  medtdla,  antl  mieroseopienlly  these  ai'e  found  to 
be  unniferous  tnl>ule^^  inilltnited  with  pns-eells  (Fig.  271  )•    In  the 
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later  stagt^s  these  may  run  too^pther,  forming  purulent  roUections 
of  e<>nsKleral>le  size.  Tlie  miter  portions  of  the  mednlhi  imd  tlie 
cortex  are  only  secondarily  involved,  and  tlie  snjipiirative  areas 
here  assiitoe  a  more  rounded  shape.  Pyelont^phritis  niay  terminate 
by  rupture  of  the  aljseesses  into  the  pelvis  of  the  kidney  and  ttie 
diseharge  of  the  pug  with  the  urine  ;  by  rupture  on  tlie  surface  of 
the  kidney,  e^iusiniij  peri nephri tie  abseess ;  or  by  inspissaticui  and 
cateareons  iuKltniti*jn  of  tlie  eoutenis  of  the  abseess.  When  dis- 
charge has  taken  |)laee,  or  when  inspissiitioii  ixuHirs^  induration  and 
cicatrization  of  tlie  diseasetl  areas  result.  A  eonsifierabk'  jmrtion 
of  the  kidney  may  l)e  thus  eon  verted  iuto  sear-tissne. 

Suppurative  nephritis,  tbl lowing  suppuration  around  the  kidney, 
leads  to  the  formation  of  superficial  abscesses  and  erosions. 

CHRONIC  NEPHRITIS. 

Chronic  nephritis  presents  itself  in  varieties  allied  to  the  acuta 
fonns,  and  we  may  distinguish  chronic  parenchyma t*iu>>  and 
chronic  interstitial  nephritic.  The  former  is  pnuitieally  alwa\'s  a 
diffuse  process,  presenting  no  such  limitations  to  the  e|)itiu'iiuru 
of  the  tubules  or  to  the  |^!ouicruli  as  are  wituessed  in  tlie  acute 
disease.  Chronic  interstitial  ucpliritis  is  ehaniclcrizcd  mainly  by 
hyperplasia  of  the  connective  tissue. 

CHRONIC  PARENCHYMATOUS   NEPHRmS. 

Chronic  imrenehymatous  nephritis  in  most  cases  results  from 
acute  attacks  which  have  becrime  chronic  by  continuation  *>r  repe- 
tition. It  oeeurs  after  various  infectious  diseases,  in  consetpK^nce 
of  alcoholism,  <*r  in  an  obsenre  manner,  autointoxication  probal>ly 
accountino;  for  simie  of  the  latter  group  of  cases. 

Pathologic  Anatomy. — Tlie  kiihiey  is  usually  enlargt-tband 
on  section  the  cortical  substance  is  t>fivn  inercased  in  wi<lth.  The 
color  is  most  freqnc^ntly  ,u:rayish  or  yellowish  in  eonsetpicuce  tif  the 
disease  of  the  epitheliuui  ami  of  the  aut^mia  caused  by  the  svv call- 
ing of  the  cells.  The  jjyramids  may  lie  tpiite  red  antl  swollcii^ 
or  may  be  compressed  and  li^ht  in  color*  The  capsule  strips 
easily,  and  the  substance  of  the  organ  is  only  mo<lenitely  tirm  ; 
sometimes,  indeed,  it  is  quite  sotY.  To  tliis  fijrm  of  chronic 
parenehymatous  nephritis  the  term  fntr/e  whlfr  kUhieif  is  oAt^n 
applied.  lu  (jther  eases  tire  substance  of  the  orgtin  inav  be  t[nite 
red  in  color,  or  may  Ik*  mottled,  light  areas  of  yellowish  or  gray 
color  alternating  with  congested  portions.  In  such  cases  careftd 
exiunintrtion  may  show  punctate  or  linear  extravasations  of  bloo«l, 
and  the  term  ehrfnik  fiemorrhm/ic  nephf^ith  is  not  inappropriate. 
The  kidney  is  enlarged,  as  in  tlie  first  variety,  the  cortex  thick, 
and  the  eapsvde  easily  removed.     In  either  t*ase  small  cysts  may 
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though  perhaps  lesj^  markedly,  affected*  The  epithelium  in  the 
latter  is  pnil iterated  and  degenerated,  and  the  vascular  tuft  may 
present  con.siderable  hyaline  degeneration.  In  the  hemorrhagic 
variety  tlie  Mulpighian  bixly  may  be  coinpletely  iiiled  with  cxlruv- 
aeated  hhiod,  8ide  by  tiide  with  tht'se  parenehymat<>us  eliauges 
may  be  seen  changes  in  the  interstitial  tissues.  Notably,  tiiL-rc 
are  proliferation  and  thickening  of  thf-  eapsuh^  df  Bowman  and  of 
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Fio.  273.—ChrciiiicparenchymAtiiijf  nepbritlH:  a, convoluted  tubuIcR  withclnudyswdl- 
InK  <)l^  tli<^  epltheUum  ;  b,  glomi'Tuli,  inure  or  lesH  dcg«  Tie  rated  \  <:,  atrophic  tuliules  ;  d, 
»flt*rntlc  interstitial  tlMue;  e,  rouod-cell  infiltration;  /,  blood-vessel;  g,  tube-caata  In 
tubules  (KfliufmsDn). 

the  connective  tissues  between  the  tubules.  Iti  advanced  stages 
these  intei^titial  changes  are  ahvav!^  present,  and  in  those  cases 
known  as  secondary  interstitial  nephritis  the  eonnective-tissue 
hyperplasia  is  the  predominating  t*ondition.  The  walls  of  the 
small  bkHxl-vesaels  of  the  kidney  are  usnally  thickened  liy  hyper* 
plasia. 

CHRONIC  INTERSTITIAL  NEPHRITIS- 

Chronic  interstitial  nephritis  leads  to  the  formation  of  a  con- 
tracted ki<hiey.  This  may  be  a  secfmdary  ft*rm  of  nephritis  full  owing 
Eassive  congestinn  or  ehroiiii:  parenehymatoiis  n*'phritis,  or  it  tnay 
e  primary,  when  it  is  often  associated  with  diffuse  arterioselerosih. 
Secondary  chronic  interstitial  nephritis  is  the  terminal 
stage  of  certain  eases  of  clironic  parerieliymatous  nephritis,  and 
results  from  a  cmtiniioiis  hyperplasia  of  the  interstitial  tissues, 
with  defeneration  and  atrophy  of  the  parenchyma.  Tlic  orj^an  is 
reduced  in  size,  and  may  be  tpiite  irrc^gular  njMm  the  surface,  the 
irregularity  takini^  the  form  of  larji^e  depressions  r»r  of  tine  granu- 
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lations.  The  capsule  strips  with  difficulty,  portions  of  the  kidney- 
substance  remaining  attached.  On  section  the  kidney  is  found 
to  be  firmer  than  normal,  and  is  of  light  color,  often  yellowish 
(fatty)  in  hue.  The  cortex  may  be  nearly  the  normal  thickness, 
or  may  be  considerably  reduced.  The  small  blood-vessels  of  the 
substance  of  the  organ  may  be  gaping  and  visibly  sclerotic. 

Microscopically  the  epithelium  of  the  tubules  is  granular,  fiitty, 
or  atrophic,  and  the  cells  are  found  detached  in  great  numbers  and 
occupying  the  lumen  of  the  tubules.  The  tubules  themselves  may 
be  compressed  by  surrounding  interstitial  overgrowth,  or  may  be 
distended  even  to  the  formation  of  cystic  dilatations.  The  capsule 
of  Bowman  is  greatly  thickened,  and  the  Malpighian  bodies  may 
be  much  distorted  and  compressed. 

Primary  Chronic  Interstitial  Nephritis ;  Red  Granu- 
lar Kidney ;  Arteriosclerotic  Nephritis ;  Gouty  Nephri- 
tis.— All  of  these  terms  have  been  applied  to  a  form  of  inter- 
stitial nephritis  probably  produced  by  irritants  conveyed  through 
the  circulation.  It  occurs  in  consequence  of  alcoholism,  syphilis, 
gout,  chronic  plumbism,  and  chronic  cachexias  of  other  kinds.  It 
is  not  rarely  associated  with  diffuse  arteriosclerosis.  A  certain 
amount  of  interstitial  nephritis  of  this  variety  is  a  natural  lesion 
of  old  age. 

Pathologic  Anatomy. — The  kidney  is  usually  decreased  in  size, 

and  sometimes  may  be  very 
much  contracted.  In  other 
cases  the  reduction  in  the  di- 
mensions is  inconsiderable,  and 
tlie  size  may  even  be  increased. 
The  surface  is  irregular,  and, 
on  rcMiioviil  of  tlie  capsule,  is 
found  to  be  finely  granular  or 
irregularly  lohiilated  (Fig.  274). 
The  capsule  itself  strips  with 
difficulty.  Small  cysts  may  be 
seen  upon  the  surface.  On  sec- 
tion the  substance  is  firm,  and 
may  sometimes  be  almost  carti- 
laginous in  consistence.  The 
cortex  is  narrow,  often  being 
reduced  to  a  quarter  or  one- 
sixth  its  normal  width  ;  while 
the  pyramids  may  he  increased 
in  size  or  contracted  like  the 
cortex,  and  not  ranly  show 
dense  white  sclerotic  tissue  nuli- 
Tu  goutv  cases  deposits  of  urates  may  be 
The  color  of  the  kidney  varies, 


Fig.  274.— Chronii!  intcnititial  nephritis; 
granular  ki<lnt'y  (Orth). 


ating  irom  the  apices, 
observed  in  the  same  situation. 
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but  is  usually  f^rayish-brown  or  gray.  Tho  hlfxwl- vessels  in  the 
gobstance  of  the  organ  arc  usually  gaping  and  their  ivalls  visibly 
thickened* 

Microscopieally,  chronic  interstitial  nephritis  is  ciiaraeterized 


Flo.  27S.— Chronic  IntoratlUal  tiepbritls:  Krual  iocruUBe  of  comiecllve  Ufsae  Arounilthe 
glomcroli,  reniil  tubules,  mid  Mnoti  Tf  iiifili 

by  great  hyperplasia  of  the  connective  tissue  surnjuiKHng  tht'  Mal- 
pighian  botlies  mid  the  convoluted  tubules,  and  by  hyperj)lasia  of 
the  walls  of  the  bliMjd- vessels  (Fig*  275).      The  overgrowth  of 


riQ.  276.— CKrrmic  inU-rvtltlnt  iiL'phrftil  (Ikoim  «  phuto>frHpli  by  fh".  Wni.  M.  Grtty). 


connective  tissue  may  be  irregular  in  its  distribution,  and  may 
vary  greatly  in  amount.  In  beginning  eases  there  iis  only  moder- 
ate thickening  of  the  capsules  of  Bowman  and  of  the  intertubular 
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lationg.    The  ciipsule  strips  with  difficulty,  portions  of  the  kidiiey- 

fiubstaiioe  remaining  attai-lied.  On  section  the  kidney  is  found 
tx*  be  firmer  thtio  norma! ^  and  is  of  light  color,  often  y€*llowi:?h 
(fatty)  in  hue.  The  cortex  may  be  nearly  the  normal  tliiekness, 
or  oiay  he  cont^ideraldy  redueed.  Tlie  yniall  Idood-vessels  of  the 
subsitance  of  the  or^^an  may  be  gaj>ing  and  visibly  .sclerotic. 

Microscetpieally  the  epithelium  of  the  tubnles  is  granular,  fatty, 
or  atropliic,  and  the  cell.s  are  found  detaclied  in  gn^at  numbers  and 
occupying  the  lumen  of  the  tubules.  The*  tubtdes  themselves  may 
be  cf>njpreiiS4_'d  In  .surmunding  interstitial  overgrowth,  or  may  be 
distended  even  to  tlie  tbrniation  of  cystic  dilatations.  The  capsule 
of  Bowman  is  greatly  thickened,  ami  the  Malpigiiian  iKKlies  may 
\w  nujch  distorted  and  compressed. 

Primary  Chronic  Interstitial  Nephritis ;  Red  Granu- 
lar Kidney ;  Arteriosclerotic  Nephritis ;  Gouty  Nephri- 
tis.—All  of  these  terms  liave  been  a|*pHed  to  a  form  oi'  inter- 
stitial nephritis  p^^bably  produced  hy  irritants  conveyed  through 
the  circulation.  It  occurs  in  consequence  of  alc*:>h<»lism,  syphilis, 
gout,  clironic  plumbisui,  and  chronic  cachexias  of  other  kinds.  It 
16  not  rarely  associated  with  ditl'use  arteriose'lerosis.  A  certain 
anioimt  of  interstitial  nepliritis  of  this  variety  is  a  natural  lesion 
of  old  age. 

Pathologic  Anatomy. — The  kidney  'a^  usually  dccrciujcd  in  size, 

and  soTuetimes  may  be  very 
mueh  contracted.  In  «»tlicr 
cases  the  rrduction  in  tlie  di- 
mensions is  inconsiderable,  and 
the  size  may  even  be  increased. 
Tlie  surtjice  is  irre*^niar,  and, 
on  removal  of  tlie  capsnbs  is 
IViinul  to  be  finely  t^raiudar  or 
irn^^ularly  lobnlatctl  (Fi^,  274). 
The  eaii?ide  itself  strips  with 
diilieulty.  Small  cysts  may  \w 
seen  upon  I  lit*  surface.  On  sec- 
tifui  the  subsitanee  is  firm*  and 
may  sometimes  be  almost  earti- 
laginons  in  consistence.  The 
c*ort<^x  is  narrow,  often  brin^ 
reduceil  to  a  qimrter  or  one- 
sixth  its  normal  width  ;  while 
the  pyramids  may  be  increased 
in  size  or  contracted  like  the 
cortex*  and  not  randy  show 
ilense  white  sclerotic  tissue  nidi- 
ating  fnmi  the  apices.  In  ^Mity  mises  deposits  of  urates  may  be 
observed  in  the  same  situation/    Tln^  enlor  cd'  the  kidney  varies, 


fl».  274.— «'hntlilr  liKenUKnl  nephriUi; 
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but  is  usually  grayish-brown  or  gray.  The  hi oo J- vessels  in  the 
substance  of  the  organ  are  usually  gaping  and  their  walls  visibly 
thickened. 

Microscopically,  chronic  interstitial  nephritis  is  characterized 


WlL^Mffc 


Fio.  275.— Chronic  Interstitial  iR'pUritis :  Krcat  Uicre»»e  of  counective  tissue  aroood  tliQ 
glomeruli,  renal  tubulea,  and  blood* ve«s«U, 

by  great  hypi-rphisia  of  the  connective  tissue  surrouutling  the  Mai- 
pigtiian  bodies  and  the  oonvohited  tubuies,  antl  by  liyperpktsia  of 
the  walls  of  tiie  I ilood- vessels  (Fig»   275).      The   overgrowth  of 
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Fio,  27«,— Chronlu  inttr 


,.■.>^u>g^ilph  by  Dr.  Wra.  M.  Gray), 


connective  tiasue  may  be  irregular  in  its  distribution,  and  may 
vary  greatly  in  amount.  In  beginning  eases  there  is  only  moder- 
ate thickening  of  the  ciipsules  of  Bowman  and  of  the  inter  tubular 
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tissues  anJ  wulls  nf  tlie  blo4xl-vesselB.  In  ordinary  caseM  fi!irous 
thickeiiiiig  of  the  Miilpighiaii  eapsult^B,  with  new-1'oniK'd  coniifc- 
tive  tif^sue  consistiii*^  oi"  y*iung  €ooneetiv<.'-tissae  cells  and  round 
iofiltratioii  wlls  Ijotween  tlio  tuhides  and  sclerotic  tluekening  of 
the  lj  1(HK I- vessel s,  constJtntL'  tiie  striking  niii'rosro]ric  featnres.  In 
the  most  ]>rDi»ouneed  castas  the  k id nry -substance  is  almost  sv holly 
transform ed  into  iihrons  tissue  of  disuse  sclerotic  chanicter  (Fig. 
276).  The  epithclinm  undergoes  progressive  atrophy,  the  cells 
shrinking  in  size  aud  hecouiing  grnuular  and  loosen eil  from  the 
iKisement-niemiirane.  Hyaline  (»r  gnnndar  inheM'asts  njay  be 
found  within  the  tubules,  and  the  hitler  are  cfuupressed  by  cou- 
traetiou  of  the  umv-forrned  eonuective  tissue,  or  m  other  eases 
dilaterl  by  the  disjijipiiinirjtH-  of  tlu*  4'pithelium. 

Pathologic  Physiology  of  Nephritis.— Flie  cftect  ni  acute 
or  clmuiic  nephritis  vari*'s  greatly  in  inilividual  case^.  Profound 
eystcmtc  disturbances  iu  aente  cjises  arc  tlouiitlcss  oft<*n  tlic  result 
of  the  action  of  toxic  substimces,  which  caused  the  nephritis,  rather 
t h a n  of  t he  t ! i sea se  of  the  k i <  1  ney s  i t.sel f .  In  u n eo ni pi ica te d  cases 
of  acub_^  or  chronic  nephritis  the  influence  upon  the  gencnd  metabo- 
lism is  i^eemingly  slight.  Investigations  have  not  as  yet  show^n 
any  decided  iiK-reavSe  in  the  metalmlic  (Consumption  of  the  tissues^ 
and  no  sfwcific  disturbances  of  metabolism  of  any  sort  have  been 
discovered.  It  is  very  lik(*ly,  however,  that  extensive  disea.se  of 
the  kidneys  does  exercise  some  iufluenee»  since  these  organs  un- 
doubtedly have  actual  glandular  functions  and  are  not  merely 
passive  agents  for  the  filtration  of  the  bloml  and  the  excretion  of 
urine.  The  peculiar  intoxication  which  occurs  in  ne]>liritis,  and  to 
which  the  name  uremia  (17.  v.)  is  applied,  has  re(*eived  no  satis- 
factory explanation.  It  is  probaVile  that  substances  normally 
excrt^ted  in  the  urine  are  rt^tiiined  in  the  1  flood  and  accnnuilate  to 
RUch  an  extent  that  intoxication  results.  It  is  alsi)  likely  that  sub- 
BtanceB  which  are  nornially  elalK>rated  by  the  kidneys  and  excreted 
in  altered  forms  n^main  in  the  l)lood  and  occasion  disturbances, 
Duriiig  the  progress  of  uremia  there  seems  undoulitetlly  to  l>e 
active  tissue-consumption,  but  accurate  studies  arc  wanting. 

Gastnj-intestinal  sym])tom8  are  frequent  iu  ivnal  dii^e^se.  In 
a  notable  pro|Mirtion  of  cases  the  gastric  secretion  has  been  found 
deficient,  and  this  may  account  for  some  of  the  disturbances. 
Putrefactive  processes  in  the  intestines  have  also  been  demon- 
strated in  some  cases,  being  evidenced  by  the  increased  cpjantity 
of  ethereal  sulphates  in  the  urine.  In  the  later  stages  of  nei>hri- 
tis,  and  especially  in  uremia,  severe  gjistrointeslinal  flisorders 
sometimes  devehip.  These  have  been  explained  by  the  assump- 
tion that  urea  is  excreted  tlirough  the  gaatro-iotestinal  mucous 
membmne,  and  undergoes  ammoniacal  deconjp<isition  within  the 
digestive  tmct.     The  anunonia  formed  by  this  decomposition   is 
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supposed  to  be  the  ini mediate  cause  of  the  gastro-inteBtinal  dis- 
tiirbanc^t'. 

The  urine  in  n^pliiltifl  is  of  the  greatest  interest.  In  aeut-e 
castas,  and  sometimes  in  t'hroiiie  f  »rniH  it  siiffV^rs  notable  cJiange  of 
appeaniiiee  by  admixture  of  blooil.  Jii  otiier  instance;?  the  eok>r 
and  pliysical  properties  are  to  a  large  extent  dejK'ndent  up^m  itts 
nmouiit.  As  a  rule,  the  quantity  of  urine  \s  decreased.  The 
nitrogeuous  eliudiiation  is  of  particular  interest.  In  acute  case,s,  in 
wfjii'h  the  quantity  of  nrine  is  greatly  de'lieicnt,  there  is  nudoubt- 
e*Uy  an  insiitBeient  excretion  uf  nitrogen  from  the  urine;  stdjsc- 
quently  the  nitn)genons  element  may  be  excreted  in  iuereasc*d 
quantities.  In  acute  nephritis  without  marked  diminution  in  the 
fjuantity  of  urine,  the  nitrogenous  eiimiuation  may  remain  satis- 
hi<'tory.  In  chronic  neiihritis  the  elimination  of  niti\>gen  in  the 
urine  maybe  red  need,  both  in  tlic  |»;ircuchynKitous  and  interstitial 
f(»rms  of  nephritis.  The  amount  of  urea  is  very  couniiouly  th'- 
eivased  ;  in  part  this  may  be  com  pen  sated  ibr  by  increased  eiimi- 
nation  through  the  skin  and  intestines.  Nitrogen  retention  is 
not  invariable,  and  from  time  to  time  periods  of  increased  elimi- 
nation may  occur.  The  uric  acid  is  usually  decreased  in  quantity, 
but  may  be  entirely  normal  in  any  fmiu  of  nephritis,  and  may  in 
some  instances  be  temporarily  inere;xscd.  Ammonia  is  present  in 
normal  quantities.  During  uremia  it  nuiy  be  increased.  Xanthiu 
may  be  present  in  mereased  quantities,  and  ercatiuin  is  reduced  in 
quantity. 

The  urine  in  nepliritis  prest'uts  two  striking  peculiarities  :  the 
presence  of  albumin,  discoverable  by  chemical  examinati(m,  and 
the  presence  of  tube-casts.  Albuminuria  is  an  almost  constant 
symptom,  though  oec^asionally,  in  clironic  interstitial  nephritis,  the 
amount  may  be  so  small  that  it  is  not  detected  hy  the  cruder  tests. 
The  more  delicate  methods  will  probably  detect  albumin  in  every 
ease.  Sernm-albnmin  is  the  more  impijrtant  form,  but  globulin 
o<x^urs  in  smalt  amounts  in  every  ease.  In  hemorrhagic  forms  of 
acute  or  chronic  nephritis  and  in  cases  complicated  by  amyloid 
degeneration  globulin  may  be  ttnind  in  considenilde  quantity. 

The  tube'Casts  met  with  in  nephritis  are  casts  formed  within 
tlie  convoluted  tubules,  or  more  rarely  in  other  parts,  and  are  com- 
I>t>9ed  of  albuminoid  substauc*\s  and  possibly  sometinii's  of  filjrin. 
They  are  formctl  partly  of  materials  which  have  accumulated  in 
the  tubules  by  exudation,  ]»artly  of  the  granular  detritus  of  the 
degenerated  epithelium,  or  of  red  and  white  bloo<l-t?orpuscles. 
We  may  distinguish  a  numljer  of  varieties,  viz*,  hyalinej  cellular, 
cn'-stalline,  and  granular  casts  and  cylindroids. 

Hyaline  casta  are  clear,  rounded  bodies  Ijavtng  a  diameter  of 
from  0.01  to  0.03  nim.  and  a  variable  length.  Sometimes  they 
are  quite  short ;  at  other  times  they  extend  across  seveml  helds 
of  the  microscope.     They  may  be  straight,  or  spiral  or  contorted. 
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arm*iKfl  \0r  a  bvne.  tapi^iie  «avl  or  fail  T%.  f3^>  •  C yinkii«»J& 
^0^:f:nr  m  crioditMiK  4^  vkbqI  inixatMa  ncc  fciffiaeiff  to  eaosdaiat 
Mf4mtM.  M  well  a#  in  «feaft»  of  leaiaiBe  nephrirLf.  TlKy  are^  also 
«opfirA^  tr/  h^  prrjdnx*!  in  thit  tnhfitar  giazwi*  of  ocIkt  part^  ot  An 
prntfr^rinsurj  tract,  aa§  in  ifae  glands  ot  Covper. 

^/JW  CoMiihuamtf  of  ih^  Crw., — Varioos  <KlIaIar  coosdtoents 
mn:  fr^nwl  in  iKphmk.  In  acme  and  in  chrnoii?  ihemorrfaaeic 
Kfpbritk*  white  and  ntd  bkr^i-«rj«paE3cIe^  are  lT»Hjn«itIj  fibi5«v€<i ; 
and  epftbelial  #::elU  are  ntore  or  less  abondant  in  aU  fono^  of 
pftrenrrhrmaU/f];:^  iKphmis.  In  the  acmer  varieties  swollen  and 
l^ranular  rovinded  cells  are  observed :  in  the  more  chrooic  fonns^ 
partkmlarlr  when  fattv  degeneration  i^  pronoonced.  epithelial 
eidiA  or  leokricyte«  dennelv  filled  with  dark  granular  or  globular 
fiit  are  ^y^nAiMcnoaa.  The  term  componnd  ^rafkuU-^in  has  been 
apfJie^l  t^#  thesse  eelk. 

HegnltB  of  Nepliritifl. — ^Nephritis  leads  to  notable  changes 
in  t^ie  entire  organL-m,  and  partieulariv  in  the  vascolar  system. 

Cardiae  Chaacf , — In  acme  nephritis  there  mav  be  associated 
a/inite  degenerative  or  inflammatory  lesions  of  the  heart-moscle,  and 
'arrliac  dilatation  may  occor.  These,  however,  are  osoaUy  resalts 
r/f  the  infectir»uft  or  trixic  canse  underlying  the  nephritis,  rather 
than  ff^ulu  of  the  nephritis  itself  ^\Tien  parenchymatoos  nephri- 
tic lierx>m^;s  suliacute  or  chronic,  hypertrr»phy  of  the  heart  <  notably 
of  the  left  ventricle;  takes  place,  and  this  reaches  extreme  propor- 
tions in  chrr>nic  interstitial  nephritis.  The  cause  of  the  hvper- 
trriphy  of  the  heart  has  occasioned  much  controversy.  It  seems 
likely  tliat  it  is  in  large  part  the  result  of  irritation  and  over-stimu- 
lation of  the  heart-muscle  by  substances  retained  in  the  blood, 
inst«^  of  l>eing  excreted.  The  obstruction  to  the  circulation 
(K'j:aMon<^l  by  thickening  of  the  walls  of  the  renal  vessels  is  of 
little  moment ;  and  the  theory  that  the  cardiac  hypertrophy  is 
due  to  a  hydrrfmic  crjndition  and  inerease<l  quantity  of  blood, 
in  con.sfquen<;e  of  retention  of  water  in  the  system,  is  nega- 
tivf-il  by  the  fact  that  such  hydremic  excess  of  blood  is  certainly 
ah^'nt  in  many  case's.  Associated  arteriosclerosis  is  undoubtedly 
one  of  th<;  important  factors  in  the  production  of  cardiac  hyper- 
trophy. 

Arteriosclerosis. — The  arteries  are  frequently  sclerotic  in  cases 
of  r'hrofiic  nr'pliritis.  In  part  this  is  due  to  the  direct  action  of 
U)Xi(',  pHHlucts  of  improper  metabolism  occurring  in  Bright's 
dirteax* ;  in  |)art  it  is  a  ccnncidental  or  an  antecedent  condition. 

Acute  inflammatory  lesions  of  the  serous  membranes,  and  to  a 
IcHM  extent  of  the;  mucous  membranes,  sometimes  occur  in  Bright's 
dis<*iiHe.  AcuU'  endiK^arditis,  acute  pericarditis,  and  pleurisy  are 
the  most  fn*(ju(;nt  conditions.  Of  the  inflammatory  conditions  of 
the  mucous  mcanbranes,  tonsillitis  and  pliaryngitis  are  not  infre- 
quent.     KnUTitis,  even  of  ulcerative  type,  may  occur,  especially 
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in  chronic  nephritis.  Thisj  in  part,  seems  to  result  from  vicarious 
excretion  of  irritant  matters  Irom  the  intestinal    mueosa. 

Edema,  or  dropsy,  la  a  frequent  manifej^tation  of  nephritis.  It 
is  most  frequent  in  the  [>arenehyinatous  forms,  particularly  in  such 
as  oceasian  changi^'S  in  the  glomeruli  an*l  other  vascular  porti(*ns 
of  the  kidnev.  The  important  etiolof^ic  factor  is  doubtless  disease 
of  the  blciorU vessels.  In  chronic  interstitial  nephritis  dropsy  is 
rarely  observed  until  the.  late  stiiges,  when  manifest  arterial  dis- 
ease and  failing  ctrenlation  from  ear^liac  weakness  have  super- 
vened. The  edema  usually  begins  in  the  loose  subcutaneous  tissues 
of  the  eyelids  and  hands,  but  expends  to  all  parts  of  the  bmlyj 
causing  anasarca.  Internal  edema,  and  especially  edema  of  the 
lungs,  may  be  met  with. 

Uremia  is  the  name  applied  to  certain  clinical  manifestations 
praliably  caused  by  the  retention  of  toxic  substances  in  the  l>lfMjd 
which  ordinarily  are  excreted  with  the  urine.  Tlie  nature  of  the 
subsfauiee  or  substances  in  question  remains  obscure.  Neither 
urcii,  j>otassium  nor  ammonium  siilts,  uric  acid,  nor  various  other 
constituents  of  the  urine  alone  produce  nnemic  man ifesfait ions; 
though  the  injection  into  animals  of  some  of  these  may  cause  toxic 
symptoms,  such  as  eonvulsions  or  coma.  It  may  be  that  uremia  is 
censed  by  the  conjoined  action  of  a  nnmbtT  of  such  toxic  lioilieSj 
but  it  is  not  improb:il)le  that  the  poisfins  arc  substances  as  yet  un- 
discovered,  The  tlieory  that  un^mia  is  due  to  edema  or  anemia 
of  the  brain  may  Ix-  definitely  almndoned.  Recently  the  view  has 
been  expressed  that  toxi<'  substances  are  li1>erated  by  the  renal 
cells  as  a  consequence  of  their  degeneration,  and  that  these 
**  nepbrotoxins "  are  concerne*!  in  uremia.  This  theory  is  still 
practically  speculative. 


ATROPHY  AND  HYPERTROPHY. 

Atrophy  of  the  kidney  may  be  congenital  (hypoplasia),  or  ma>r 
ot*cur  in  ohl  age  (senile  atrophy).  In  the  hitter  ajse  tlie  kidu(*y  is 
small,  hanb  and  usually  darker  in  color  than  norma!.  The  irreg- 
ular atrophy  of  tlie  parent^hyma  loa<ls  to  irregularities  upon  the  sur- 
face of  the  organ.  The  capsule  may  l>e  tliickened,  and  not  rarely 
the  perirenal  fat  is  abundant,  and  considenible  fatty  deposit  occur* 
beneath  the  m neons  membrune  of  the  pelvis* 

Microscopically  the  renal  cells  are  small  in  size,  somewhat 
dark,  and  granular.  They  may  (li.siippear  entirely  from  the 
tubules  in  places,  and  the  intertubular  tissue  aud  the  Ijasement- 
membrane  are  cf^rr<'sp^ aid i ugly  thickened.  The  Malpighian  Ijodies 
may  be  cfjnvert^^fl  into  contniet^d  fibrous  areas.  In  some  eases 
the  interstitial  processes  become  so  pronounced  that  the  changes 
in  the  kidney  bwome  those  of  intctrstitial  nephritis.     These  cas^ 
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are  particularly  met  with  in  persons  of  advanced  years  having 

artcriosclero^rs  (see  Chronic  Interstitial  Nejihritis). 

Hypertrophy  may  affect  one  kidney  when  its  fellow*  is  con- 
genital ly  wanting,  liai?.  become  diseiised,  or  ha^  l»een  removed. 
Under  these  circumstances  the  remaining  r*r  healthy  oi^ii  some- 
times undergoes  considerable  hypc^rtrophy.  Tlie  appearance  is 
that  of  a  much  cnhirgcd  but  othcrwisi"  oornial  kidney. 

Microscopically  there  may  be  simply  increase  of  tlic  size  of  the 
tubules,  or  in  cases  in  which  the  com|>cnsatory  hypertrophy  has 
begun  iM'foro  the  completion  of  devclopmcut  tlicrt^  nuiy  be  actual 
increase  in  the  number  of  tuljulcs  and  Malpighian  bmlies. 

DEQENERATIONS. 

Parencliyrtiatotis  degeneration,  or  clondy  swelling, 

oc^curs  in  the  kidneys  iu  c<»nscf|iicocc  f*f  tlic  action  nf  various 
poisons,  infections  or  rlicmicah  It  is  met  witli  in  practically  all 
causes  of  diplithcria,  scarlet  fever,  and  cholera,  and  less  conimouly 
in  many  other  infectious  diseasses.  Among  the  poisons  the  various 
parenchyma-jjoisrms  (q,  i\.  Part  I)  arc  all  capable  of  attacking  the 
kidney  and  prorhicing  cloudy  swelling,  lu  case  of  either  toxic  or 
infecti*jus  drtjenrratitins,  however,  the  jinx'ess  is  prone  to  become 
more  seri4»ns,  and  to  terminate  in  acnte  pannichynurt<ins  nephritis. 
No  sliarp  dividing-line  can  be  drawn  between  the  two  conditions. 
The  Kidney  is  somewhat  increased  in  size,  is  softer  than  nor- 
mal, and  on  srctiini  the  curtcx  is  yellowish  or  oi'  light-grayish 
color  (Fig.  281 ).     The   Malpighian  IxKlies  maybe  prominent  m 
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'3^»m  ft  c4iH^  of  cholera  (moillrtcd 


re<l  s|Mjts  lying  in  tlic  liglit-cnhtred  renal  tissue.  The  pyramids 
nn'  often  congested,  and  contrast  strongly  with  the  cortical  sub- 
t^tance, 

Microsc<»p!cally,  line  granulation  of  the  cell'-  nf  Hir  fumvolnted 
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or  otlier  tubules  is  the  striking  feature.     The  nuclei  of  the  c^lls 

are  obeeured,  uiul  at  times  all  of  tlie  celb  of  the  tubule  ap[>arently 
become  fused.  Exu^lative  (*fuin|j^es  luiii  hyperplasia  of  the  iuter- 
stitial  tissues  are  \vantiu|»;  in  a  purely  dej^euerative  enn<lition.     Fre- 

Silently  the  kiiluey  is  restored  to  the  iionual  condition,  but,  on 
le  other  liand,  acute  Bright's  disease  or  tatty  degeneration  may 
ensue. 

Fatty  Degeneration- — This  occurs  in  consequence  of  the 
lastHil escribed  conditioUj  or  indejwndently  in  consequence  of  geu- 
eml  anemia  and  systemic  disor*lers,  as  in  progressive  jiernieious 
anemia  and  tuberculosis.  Fatty  degenenition  of  the  kidney  fre- 
quently occurs  in  the  course  of  i>regnancy,  \\\um  it  is  due  to  dis- 
turbance of  the  ciivulatit>u  in  the  kidneys  or  possibly  to  obstruc- 
tion of  the  ureters.  In  these  ("ases  the  pnx-css  usually  advances 
to  tlic  condition  td"  diifuse  nepliritis. 


V'lu.  282,— Fatty  degeneration  of  the  epitht?l!ura  of  tht*  Inbulea:  Ktained  wUh  osnilc  *cld 

IS  j  1111114  m  (Is  >. 

In  pure  fatty  degeneration  the  kidney  is  about  the  normal  size, 
or  often  smaller  tliau  normal;  is  soft;  and  on  section  the  cortex 
has  about  the  normal  width.  The  etdor  is  unif"ormly  yellowish  or 
mottled,  certain  areas  bein^  yeHowish  in  color  and  others  normal 
or  perhaps  byjx^remit^  ITsually  tlie  surface  of  th*'  kidney  is 
snuKith,  but  sometimes  l(K"alized  s|>ots  of  degtMienitiou  may  become 
depressed  and  j^^ive  rise  to  irregularities. 

Mieroseopieally  the  epithelial  cells  arc  g:niuular,  cir  filled  with 
oil-drops  (Fig.  282).  Not  rarely  the  cells  are  loosened  and  lie 
free  within  the  lumen  of  the  tubules.  The  base  men  t-uu»mbraiie 
and  interstitial  tissues  may  be  somewhat  thickened,  cither  apiwir- 
^ntly  or  actually. 
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Patty  infittratjoti  is  an  onimportaiit  conditioii.  In  tlie 
atrophic  iddnej  of  old  age  and  in  the  contracted  Iddnevs  of 
chnxiic  nephritis  frttj  infiltration  of  the  areolar  ti^oe  beneath  the 
mucot^  of  the  pelvis  is  frequently  observed.  Fatty  infiltration  of 
the  epithelial  cells  may  oocnr  under  normal  conditions,  or  in  cases 
in  which  the  blood  is  surdiaiged  with  fiit  (lipemia)  and  in  which 
the  iddneys  are  actively  engaged  in  its  excretion.  Fatty  infiltia* 
ticm  of  the  perirenal  cellular  tiseaes  occurs  in  general  obe^ty.  and 
sometimes  as  a  localized  affection  in  cases  of  advanced  reiud  dis^ 
ease,  particularly  atrophy. 

Calcification  may  occur  in  diseased  areas  of  the  kidneys^  as 
in  sclerotic  Malpigfaian  bodies,  in  old  infarcts  and  the  like.  Occa- 
sionally calcification  occurs  in  the  epithelial  cells  themselves,  par- 
ticularlv  in  such  as  have  undergone  necrosis.  This  is  particularly 
marked  in  certain  toxic  conditions  {e.  g.^  mercuric-chlorid  poison- 

CaleareouJt  bodies  in  the  cvrtex  of  the  kidney  are  not  infine- 
quent.  They  are  due  to  calcification  of  little  cysts  sprii^:ing  from 
the  uriniferuus  tubules  or  ^lalpiehian  bodies. 

Glycog^enic  infiltxatkm  of  the  kidneys  ocenrs  in  diabetes. 
It  affects  the  epithelial  cells,  particularly  those  in  the  portions  of 
the  oigan  lying  between  the  medulla  and  the  cortex.  The  kidney 
is  usually  increased  in  size,  the  cortex  broader  than  normal,  and 
the  consistency  increased.  The  substance  may  be  lighter  colored 
and  of  homogeneous  appearance.  Microscopically  the  epithelial 
cells,  particularly  those  of  the  tubes  of  Henle,  are  found  to  be 
altered  in  character,  the  normal  granular  (^»ndition  of  the  proto- 
plasm having  disappeared.  The  glycogenic  nature  of  the  infil- 
trating substance  is  recognised  by  the  dark-brown  color  obtained 
by  staining  fresh  sections  with  iodin. 

Amyloid  defeneration  occurs  in  the  kidneys  under  the  same 
conditions  as  in  the  liver  and  spleen.  It  is  nujst  frequent  in  cases 
of  chronic  tuberculosis  of  the  lungs,  and  ooinirs  in  cases  of  long- 
standing suppuration  connected  with  bone,  in  syphilis,  and  as  a 
result  of  other  cachexias.  The  kidney  is  enlarged,  sometimes  to 
twice  its  normal  bulk,  is  harder  than  normal,  and  on  section  the 
substance  is  found  light  grayish  in  t^lor.  It  may  be  uniformly 
grayish  or  waxy ;  or,  on  the  other  hand,  it  may  bt^  mottled,  gray- 
ish areas  alternating  with  portions  of  yellow  color,  the  latter  being 
due  to  fatty  degeneration,  .\myloid  degeneration  begins  in  the 
small  bUKxl-vessels,  particularly  those  of  the  Malpiirhian  tufts,  and 
spreads  to  the  connective  tissues  of  the  organ,  but  dots  not  involve 
the  epithelium. 

Microscopically  the  glomenili  may  present  spots  of  hyaline  or 
homogeneous  appearance  in  which  the  c:ipillaries  seem  completely 
disorganizfKl,  and  the  entire  glomerulus  may  he  transformed  into 
a  transparent  or  translucent  mass  (Fig.   283).      The  capsule  is 
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thickened   and  afttinies   simultaneously  diseased.      The   tubules 

liabitually  ccmtain  hyaline  cast^.  The  or^an  becomes  more  or 
less  anemic  fnmi  obstruction  of  the  oapillarieB,  and  sooner  or  later 
fatty  degeneration  of  tlie  epithelial  cells  takes  place,  Inflaniiria- 
tory  processes  arc  usually  wautiug,  but  n*i>hritis  may  become 
assoeiatctl  with  amyloid  degenenitioUj  anil  the  latter  process  may 
ix^cur  in  kidneys  primarily  the  seat  of  ncphritiH.  The  urine  in 
amyloid  discane  is  albiimiuoug  and  scanty ;  the  proixirtitm  of 
serum-globnbn  is  excessive.  Not  rarely  it  rtaitaiu.s  hyaline 
casts  which  respond  more  or  less  distinctly  to  the  color-t-estij  ibr 


FiQ.  28S.— Contracted  and  amyluM  kidaey. 

amyloid  substance,  but  these  are  not  diagnostic,  and  it  is  doubtful 
whether  they  Jire  in  I'eality  composixl  of  amyloid  material. 

Amyloid  CliaEge  in  the  Kidney. — Litten  (ludH  tluU  the  gU>uienili 
are  not  always  the  first  part  atlcctcfl.  K either  is  the  nuistnilaris  of 
bloc h1- vessels  always  tfie  starting  jHjint.  The  adveutitia  or  intima 
may  be  first  :i fleeted.  He  distiuguislies  the  following  varieties  of 
aniyloi<l  kidney  :  a.  Pare  amyloid  kicbiey  with  ariayloid  change 
of  the  blood-vessels  aud  with  ar  witlnait  fatty  eliauge  in  theepitlie- 
lium.  Macroscopicallv  tlie  kidney  may  seem  to  lie  normal  but 
tlie  iodine  resu-tiou  iothcates  its  true  eondititm,  b,  Liirge  white 
amyloid  kidney.  This  is  the  commonest  form  and  consists  of 
amyhail  (k'geiieration  }*luri  chronic  parenehyniatoos  nephritis,  c. 
Amyloid  enntnietefl  kidney  is  comparatively  nirc  and  a  very  nire 
fcmn  is  d.,  tlic  association  of  acute  nepliritis  with  amyloid  change 
in  die  bliwjd- vessels. 
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COe^iCRETIONS  IN  THE  URINIFEROUS  TUmnfS. 

Varioos  calcareoai?  coocTetioiis^  or  ^  infimrts,*^  occur  in  the  ori- 
niferoo*  tnbnles,  peirticalarly  in  the  large  collecting  tuboles  near 
their  termination  at  the  apex  of  the  pyiamidsw  Collections  of 
UTZteSj  partiealarlv  urate  of  amuHXiinnu  are  fiequentlv  seoi  in 
the  form  of  radiating  lines  of  light-^raji^h.  vellowi^h.  or  reddish 
color,  marking  the  pyramids  near  the  apices  in  new-bom  infimts. 
These  consist  of  crratalline  concretions  filling  the  large  nriniferous 
tnbnles,  and  have  been  considered  as  a  valoable  medicolegal  indi- 
cation that  the  in&nt  had  breathed.  They  are  not,  however,  suf- 
ficient proof.  Sometimes  the  concr^ons  are  passed  with  the  urine, 
and  are  discovererl  as  large  casts  of  conglomerated  crystals.  Less 
frequently  other  forms  of  crystals  are  met  with  in  the  in&rvts  of 
the  new-bom.  Similar  concretions  occur  in  p>«ty  individuals,  par- 
ticularly in  aged  per^son<,  and  calcium  salts  may  be  deposited  when 
the  blood  is  surcharged  with  them  in  consequence  of  diseases  of 
the  bones.  Triple  phosphates  may  be  found  as  a  consequence  of 
obstruction  of  the  urinar\'  passages  and  stagnation  of  urine. 

Concretions  composed  of  bilirubin  may  be  formed  in  extreme 
jaundice,  and  particularly  in  the  jaundice  of  the  new-bom.  In- 
&rets  comprised  of  hemoglobin  may  be  seen  in  cases  of  hemo- 
globinuria due  to  infectious  and  toxic  causes. 

INFECTIOUS  DISEASES. 

Tuberculosis. — ^Tuberculosis  may  <jccur  in  the  kidney  in  the 
form  of  minute,  grayish-white  miliar^'  tuben.»les  as  part  of  a 
general  hematogeneous  tuberculosis.  A  soi^ond  form,  which  is 
als^>  hematogr.-nic,  is  known  as  chronic  local  tvhfroiiloi^is.  In  this 
form  thf'  .sul».-tanc»»  of  the  kidney  near  tli»/  cortex,  or  sometimes 
that  adjacent  to  the  j)elvis,  is  occ'.ipied  by  nia>.-e>  ot'  eheesy  tuber- 
culous ti-siie,  and  then*  may  be  seeondan*  niilian-  tuberculosis 
near  hy.  S^ffning  is  prone  to  occur,  aiul  the  tubenuilous  focus 
may  discharge  into  the  pelvis  of  the  kidney,  leaving  a  necrotic 
eavity.  The  entire  or^.in  may  be  hnney-i^oinixMl  with  cavities. 
Tiif>erciilo.-is  of  the  kidney  may  also  re>idt  from  a^oeIuling  infec- 
tion. Ihiii^t  .*<eeoiidarv  to  tiil)erculosi.s  of  the  seminal  vesicles  of  the 
l>laddrr,  <»f  the  ureters,  and  of  the  j>elvis  of  the  kidney.  The  pro- 
ri'<>  first  involves  tlie  discharging  tubides  at  the  apices  of  the 
pyramids  and  spreads  outward  toward  tlie  cortex.  Cheesy  fo<.*i  are 
formeil,  which  may  soften  and  discharge  into  the  pelvis,  as  in  the 
i'ase  of  chronic  U>cal  tuberculosis  of  tlie  kidney.  It  is  difficult  to 
determine  whether  tiiben-nlosis  of  the  kidney>  is  more  frequently 
the  restdt  of  urogenital  tuberculosis  primarily  atlWning  the  parts 
l>elow,  or  the  cause  of  the  latter.  Primarv  affection  of  the  kid- 
ney is  certainly  more  common  than  many  have  hei'n  dis|K)sed  to 
admit. 


DISEASES  OF  THE    UETNARY   ORGANS. 

Syphilis. — In  the  earlier  stages  of  syphilis  there  may  |K)Ssibly 
be  acute  ne})hntis  j^imilar  to  that  of  other  intectiouH  diseases*  Syph- 
ilis of  long  diimtioii  may  lead  to  amyloid  degenenition  *)f  the  kid- 
ney, or  to  chroiue  iixterstitial  nephritiR.  Thiekciiioj?  of  the  blood- 
vessels is  4'tjiis[>iruoiis,  In  the  lattor  rusr  eimtraettons  fif  fibrous 
tissue  lejidin^  to  marked  lohulatioii  are  rather  elKinieteristic. 
Syphilitic  ^lunmata  are  rare,  hut  have  been  met  witli,  and  in  tlieir 
healing  lead  to  marked  scar- formation. 

fjesions  of  lepnxsy,  aetinomycosisj  and  glanders  have  been 
observed. 

TUMORS. 

Fibromata  and  lipomata  may  oeeasionally  be  met  with  in 
tiie  kiilney  in  the  f(»rm  of  small  ronuded  nodu^e^i.  In  assoeiation 
with  ealeulniis  pyelitis  and  other  eonditions  of  the  kidney  leading 
to  atrophy,  the  fatty  tissue  surrounding  the  kidney  may  be  in- 
ereased  to  such  an  extent  as  to  eonstitnte  praetieaily  a  fatty  tumor. 


FiG.  2&I.— Primary  sArcomn  <if  the  kidney* 

I/eiomyoma  is  an  occasional  growth  of  the  kidney. 

Congfenital  Adenoma.— Under  the  name  of  drumfi  ahenrda 
guprarcnali^  has  heen  des«Tihed  a  ihrm  of  tnmor  of  the  kidney 
which  results  from  splitting  oH'  of  a  renmant  of  the  suprarenal 
capsule  and  its  ineorporation  in  tiie  kidney,  where  it  subsequently 
grMWs,  The  tonior  presents  the  appeaiiinee  of  a  small  lipiimatous 
gnjwth  Ijeneath  the  capsule  of  the  kidney,  or,  more  rarely,  it  may 
attiiin  considerable  size.  Hist<ih>gi<'ally  it  eonsit^ts  of  epitlielial 
cells  arranged  in  tubules  similar  to  those  of  the  cortical  portion 
of  the  suprarenal  capsule.  These  undergo  considerable  fatty 
infiltration,  and  almost  the  entire  tumor  may  be  fatt:*.  Oeeasion- 
ally  active  proliferative  changes  otienr  in  the  epithelium,  and  a 
malignynt  cnanicter  is  assumed. 

Sarcoma  of  the  kidney  is  the  most  frerjuent  malignant  tumor. 
It  may  oeenr  congenital ly»  or  in  later  life.  The  she  and  general 
appearance  vary  considerably,  Init  for  the  most  part  the  structure 
ia  soft  and  grayish  or  sometimes  tpiitc  red.  Extra vasiitions  of 
blood  or  hemorrhages  into  the  tnmor  are  not  uncommon.     There 
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Micfnscopkallv  the  appeuanoe  is  thai  of  a 
Pmliferative  changfs  oocaskmally  affect  the 
arinifefDtti  tdnila  in  inlerEdtijil  nephritis^  and  give  rise  to  smail 
arBM  of  adenonaloas  appcan&nee.  In  such  caaeB,  bowcrer,  the 
apfwafmaeea  mr^  nci  tiicee  of  a  tumor  in  the  ^rict  sense. 

Fla]lilliferoil8  cystic  adenoma  is  sometmies  ofagervcd.  Ii 
otxmions  loiiMir^  of  ^Jiiall  or  hkrge  size  with  fibrous  capsoks  ami 
eyi^  rjicavatioos  in  which  the  limng  epitbelium  is  ^vated  in 
a  papilloitialnud  tuaiiDer. 

Carcinoma  h  a  rare  primary  tumor  of  the  kidney,  3nd  occurs 
in  ^rwmi^  nf  advanced  years.  The  gro^ith  begins  in  the  cortical 
Mibitance  or  in  the  medulla,  and  preeentd  ttdelf  as  a  ^oft  white  or, 
•  of  hemorrhage  into  it^  red  tumor. 


niSEASKS   OF  THE   VmNARY   ORGANS. 

Microgeopically  it  in  fmind  to  lie  a  ghmdiilar  ean^itioma  jire- 
fientmfr  tivmi  ct>inpo8wl  of  epithelial  cells  of  vamnis  inlmfWH. 
Metasta^it^  i^  nire. 

Secondary  Tumors*— Anil iDt;  the  weeondary  tiimorB  of  the 
kidney  are  both  siircunna  and  **areiiiotoa. 

In  the  Slime  i^roup  may  be  ineliifled  the  /ipuphmnatovs  infiltra- 


FiG.  2W6,— LiirKv  retention  cyst  of  ki^ln*  y  iifri^m  a  !;ptM  inien  in  the  Mtiseuin  *ff  I  he  Phlla- 

d4.'tp]rtij(  ilospltiiij. 

tmns  of  leukemia  (Fig.  285)»  In  this  dit>t^ase  the  kidney  18  often 
enlargediaml  on  section  is  found  to  he  uniformly  white  or  mottletl 
in  t^olor,  i\\v  li^rlU-eolHred  areas  represent injj:  mass*^•*  of  lymplioid 
eells,  Most  nf  these  have  donhth^ss  btM-n  deposited  from  the  eir- 
eulation,  hot  tliere  is  also  evidenoe  of  loeal  niidtipljeation. 

Cysts  nf  the  kidney  are  of  various  forms.     In  the  course  of 


«r  Dfobsblj  due  to  ondiaeovefgd  obetnietioiis  of  tbe  orinifi-nMiB 

Gnmnlml  eystie  kidnere  are  of  strikii^  appeamuioe,  UsoaUj 
hnA  Iniaiiejrs  mie  aflected/ud  sie  tnuulbiBMa  mlo  iniinnrn  coin- 
poMsd  of  immiiHSBbk  tTsts  vrntyioir  in  sat  ftooi  micfoseopie  poiots 
10  writes  m  higB  m  a  walniil  (Fig.  287V     On  mttifm  the  crsts 


DISEASES  OF  THE   UBINARY  OEQAN& 


afie  found  to  be  filled  with  clear  urinous  liquid,  or  with  colloid 
material,  and  between  them  is  a  stroma  of  more  or  less  firm 
fibrous  tissue.  The  pelvis  of  the  kiducy  is  usually  preserved. 
These  cysts  are  fbrmeil  by  dilatiitiou  of  the  uriuifenjus  tubules 
and  Matpighian  liudies,  probably  as  t lie  result  of  some  fetal  disease 
which  causes  obstruetion  of  the  tubules  at  tlieir  fiutlet  at  the  apex 
of  the  pyramids,  or  iu  consequence  of  faulty  uuiou  betvveeu  tlu:*  upper 
and  the  lower  segments  of  the  uriiiiferous  tubules  in  the  develop- 
meut  of  tlie  org;\n.  Similar  eystie  degeneration,  with  enlargement 
of  one  or  both  kidneys,  may  occur  in  later  life.  Such  cystic  kid- 
neys have  their  origin  in  congenital  conditions  even  tliough  the 
growth  of  tlie  organ  diies  not  take  place  until  middle  or  more 
advanced  age.  (Steincr'Seutsch.  Med.  Woeh.,  189t),  p.  677.) 
Piaally,  cystic  atknoma  may  again  be  alluded  to. 

PARASITES. 

Bacteria  occur  in  the  kill ney  in  various  affections :  thus 
pneumococci,  typfioid  haeillij  the  bacilli  of  glanders  and  anthrax, 
have  been  repeatedly  demonstrated.  In  pyelonephritis  the  Bacil- 
lus coli  communis  is  probably  the  usual  active  etiologic  agent. 
Streptococci  o€cur  in  the  nephritis  of  septic  conditions  and 
in  primary  infectious  nephritis  of  cryptogenic  origin*  Bacte- 
ria are  occasionally  found  in  the  urinifcrous  tubules  w^ithout 
gross  lesions  of  the  kidney^  and  are  prt»bably  excreted  with  the 
urine. 

Streptoeocci  occur  in  the  urine  in  the  nephritis  of  septic  con- 
ditions, and  in  primary  infectious  nephritis  of  cryptogenic  origin. 
Various  other  bacteria  may  be  met  with  in  the  urine  (see  Bac- 
teriuria). 

Animal  parasites  are  oceasiimally  observed,  such  as  echino- 
coeeus-cysts,  filarial,  the  eggs  of  Fastnola  hejiatiea,  amceba?,  and 
infusoria.  Round  wornts  and  the  oxyuris  sometimes  migrate*  into 
the  bladder  or  enter  through  fistuhe. 

The  echinocfjccus-cyst  wcurs  in  the  form  of  hydatids,  wliich 
may  perforate  into  the  pelvis  of  the  kidney  and  discharge  with 
the  urine,  or  become  inspissated  and  calcify.  The  Cystieercus 
celluIosn3  and  Liuguatula  rhiuaria  are  extremely  rare,  7''he 
Filaria  Bancroft!  occurs  in  the  lympliatic  spaces  and  in  the 
blood-vessels  of  the  kidney  iu  cases  of  filariasis  with  ehyl- 
uria.  The  kidneys  in  these  cases  show  a  waxy  appearance  on 
section,  especially  toward  the  apices  of  the  pyramids,  and  tlje 
surface  of  the  kidney  may  be  abnormally  lobulated.  Microscopi- 
cally the  lymphatic  spaces  about  the  urinifemus  tubules  are  greatly 
distended. 

The  Schistosomum  hematobium  occca«iionaIly  produces  pyelitis 
and  pyelonephritis,  witti  enlargemcot  of  the  pelvis  of  the  kidney. 
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CONGENITAL  AND  ACQUIRED  MALFORMATIONS. 

Occasionally  the  pelvis  or  ureters,  or  both,  may  be  absent  or 
imperfectly  developed.  Complete  obliteration  of  the  ureter  may 
be  observed.  More  frequently  there  are  two  pelves  or  ureters, 
and  when  this  is  the  case  the  malformation  is,  as  a  rule,  bilateral. 
Obstructions  of  the  ureter  may  be  due  to  twists,  to  con- 
genital atresia,  or  to  other  diseases  of  the  ureter,  particularly  at 
its  entrance  into  the  bladder.  It  may  be  brought  about  by  the 
lodgement  of  renal  calculi,  by  tumors  of  the  ureter,  or  by  pressure 
upon  it  from  without.  The  outflow  of  the  urine  may  be  obstructed 
by  diseases  of  the  bladder,  and  particularly  by  stricture  of  the 
ureter. 

Dilatation  of  the  ureter  results  from  the  conditions  just 
named,  and  may  reach  considerable  dimensions  (Fig.  288).  When 
the  obstruction  is  continued  the  dilatation  may  affect  the  pelvis 
of  the  kidney  as  well,  and  eventually  the  latter  may  be  enor- 
mously enlarged.  The  pyramids  become 
flattened,  and  the  renal  substance  may 
undergo  progressive  atrophy,  so  that  the 
kidney  is  converted  into  a  sac-like  for- 
^^^^_  _  mation  filled  with  clear  liquid,  partly 
^^SiSi^S^^S^^^  urine  secreted  in  the  earlier  stages  and 
partly  transudate  formed  after  the  com- 
pression has  stopped  the  renal  fimction. 
To  this  condition  the  term  hydronephro^ 
sis  is  applied. 

CALCULUS. 

Calculi  are  of  frequent  occurrence 
in  the  pelvis  of  the  kidney,  and  are 
formed  by  the  precipitation  of  various 
normal  or  abnormal  constituents  of  the 
urine.  There  may  be  merely  small 
gritty  particles  lying  in  the  calices  or  in 
the  pelvis,  to  which  the  term  reiial  sandy 
or  gravel,  is  given ;  or  there  may  be 
large  stones,  almost  filling  the  pelvis 
and  calices,  and  forming  more  or  less 
accurate  moulds  of  these.  The  most  fre- 
quent forms  are  those  composed  of  uric 
acid  and  oxalate  of  lime,  but  phosphate 
and  carbonate  of  calcium  and  triple  phosphate  calculi  are  occa- 
sionally found.  Stones  composed  of  cystin  and  xanthin  are  rare. 
Uric-acid  calculi  are  composed  of  the  acid  itself,  or  of  urates,  and 


Fi(i.  2fc8.— Dilatation  of  the 
ureter  due  to  calculous  obstruc- 
tion. 
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present  themselves  as  yellow  iish,  bn^wnishj  or  red,  smooth  or  sonH- 
what  irrepjhn*  furniations.  Thos^*  composed  of  oxahite  of  lime 
are  irregular  in  shape  and  of  brownihili  t>r  red  color. 

The  results  of  ri^nal  caleuli  may  be  trivial  or  serious.  Small 
particles  of  renal  ^ud  are  frequently  parsed  without  seriouss  dis- 
turhaiioe.  Lar^e  eahnili  tend  to  Bet  up  inflammation  of  the  pelvis 
of  the  kidney,  and  may  obstrurt  tlje  outflow  of  the  uriu«%  causing 
hydrouejihrosin  (Fig,  28*)}»  In  some  ra^^es  cancer  neeme  dependent 
U|Kjn  the  continued  irritation  of  a  r«^taine<l  calculus. 


INFLAMMATION. 

Inflammation  of  the  pelvis,  i>r  pyelitis,  may  result  from 
the  irritati<:>n  of  |MjiH>ns  ingcstc^l,  .such  us  cantharides,  tuq^entine, 
and  the  like>or  k  maym-cur  in  the  course  of  infectious  digeasesof 
various    kinds.      More  frc- 
cprently  it  results  from  the 
irritation  of  a  calculus,    or 
from   ascending    inflamma- 
tion consequent  upm  cystitis 
and  ureteritis.     The  luueotis 
membrane  becomes  reildened 


FiK.  :J.vJ.-  *  nietihw  in  the  imIvI?* 
f»f  Ihe  kitlnt'j  iind  upper  iM*rt  or 
tins  ureter. 


FiCi.  2SW.— Tubt«reu1ou»  pveloncphrttii  (modified 
fhJm  Bonintrcr;. 


and  swollen,  and  not  rarely  is  marked  with  hemorrhagic  ecchymoses. 
The  surface  is  covered  with  more  or  less  desciuamatcd  epithelium 
ami  pus-cells.  The  inflammation  may  extend  to  the  substance  uf 
the  kidney  {pi/ehnephriiU),     Considenible  purulent  exudate  may 
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Occasionally  the  pelvis  or  tireters,  or  both,  ma%*  be  absent  or 
imperfectly  developed.  Complete  ohlitemtion  of  tiie  ureter  may 
be  observed.  More  frequently  there  are  two  pelves  or  ureters, 
and  when  this  is  the  ease  the  malformation  is,  as  a  rule,  bilateral. 
Obstructions  of  the  tireter  may  be  due  to  twisti*»  to  con- 
genital atn^sia,  or  to  other  disea.ses  of  the  ureU^r,  |>artieularly  at 
it^  en t ranee  into  the  bladder.  It  may  he  brought  alxiot  by  the 
lodgement  of  renal  ealenli,  by  tnmorfi  of  the  ureter,  or  by  pressure 
upon  it  from  witlmot.  The  outflow  of  the  urine  may  he  obstructed 
by  diseasei*  of  tlie  liladder,  and  jjartieukrly  by  stricture  of  tho 
ureter. 

Dilatation  of  the  ureter  results  from  the  eouditions  just 
nannnl,  and  may  reacli  rou;*idenible  dimensions  (Fig.  288 ).  When 
the  ohstnietif>n  is  eontimied  the  dilatiition  may  atlert  the  [KflviA 
of  the  kidney  as  well,  and  eventually  the   latter  may   be  em^r- 

moiisly  enlarged.  The  py  mm  ids  become 
flattened,  and  tlie  renal  suhstance  may 
undergo  progressive  atn^phy,  so  that  the 
kidnev  is  converted  into  a  sac-like  for- 
mation tilled  with  clear  liquid,  partly 
urine  secreted  in  the  earlier  stages  and 
partly  transudate  formed  after  the  com* 
presi^ion  lias  stopped  the  renal  function. 
To  tliis  condition  the  term  hydrmieph*f>' 
ms  is  applicil. 

CALCULUS- 

Calculi  are  of  frequent  occurrence 
in  the  pelvis  of  the  kidney,  and  are 
formed  by  the  precipitatitm  of  various 
normal  or  abnormal  constituents  of  the 
urine.  There  may  be  merely  ^mall 
gritty  particles  lying  in  the  caliccs  or  in 
the  j)elvis,  to  which  the  term  retml  mnd^ 
or  gramiy  is  given  ;  or  there  may  be 
large  stoiies,  almost  filling  the  pelvis 
and  calices,  and  forming  more  or  less 
acci  I  rate  mou  1  ds  at' t !  iegc\  The  most  fre- 
quent iurms  are  those  composed  of  uric 
acid  and  oxalate  of  lime,  but  pliosphate 
and  carbonate  of  calcium  and  triple  phosphate  calculi  are  occa- 
sionally found.  Stones  composed  of  cystin  and  xanthin  are  rare. 
Uric-acid  calculi  are  composed  of  the  acid  itself,  or  of  urates,  and 


Fig.  2te,— DUaUtkm  of  the 
ureter  due  to  calenloiciA  obstru^- 
tSon. 
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present  themselves  as  yellowish,  hrowniahj  or  rctl,  smooth  or  somt^ 
what  irro^iihir  forriKUiuns.  Those  eonipoi^ecl  of  oxalate  of  lime 
are  irre^fiilar  m  j^hapr  Miui  of  l>rowni]<li  r»r  nnl  rolor. 

The  results  of  rriial  eaUniU  may  In*  trivial  or  stTirMis.  Small 
particles  of  renal  sao<l  are  frequently  passed  without  s^tjous  dis- 
turhanec*.  Large  eiileuli  tend  to  set  up  inflammation  of  the  pelvis 
of  the  kidney,  and  may  obstrnet  the  outflow  of  the  urine,  eansing 
hydrouc^plirosis  (Fig,  289).  In  some  eases  eancer  seems  tleptndent 
uptm  the  eontinued  irritation  of  a  retained  ealeuhis. 


INFLAMMATION. 

Inflammation  of  the  pelvis,  or  pyelitis,  may  result  from 
the  irritation  of  |K>istMis  ingc^sted,  sueli  us  rantharides,  tnrpentin'\ 
and  the  like,  or  it  raayoeeur  in  the  t*onrse  of  inferti^ tus  diseases  of 
various    kinds.      More  fiv- 
quently  it  results  from  tho 
irritation  of  a  ealeuhis,   or 
from    a  spending    inflamma- 
tion eonscxjueut  upm  eystiti> 
and  ureteritis.     The  ni neons 
m  e  m  h  ra  n  e  ii  ec.  o  u  i  e  s  I'ed  d  e  n  et  1 


Vu'i.  2.Hy,— Calculus!  in  thii  iK»tvis 
r>f  the  kidney  iirnl  iipjjtr  pwirl  t^f 
thi;  ureter. 


Fi«,  290.— TuberculoiiB  pyeluriephrltls  {modified 


and  swollen,  and  not  rarely  is  marked  with  hemorrhagic  ecchymoses. 
The  surface  is  eovered  with  nnjre  or  less  desquamiitcd  epitlielium 
and  pus-eel  Is.  The  inflammation  may  extend  to  the  suV)stanee  id' 
the  kidney  (jjf/rlonepkritlfi),     t'onsideruljle  purulent  exudate  may 
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take  place,  [mrtuuilarlv  when  tKere  h  a  ealcuhis  purtially  ob&tmct^* 
ing  the  ureter.  When  there  is  euniplete  obstruction  the  pelvis  niay 
become  dilated  with  pii.s,  and  the  ealiees  or  the  entire  kidney  may 
be  converted  into  a  large  piis-sae  ( pyoiiephroifis).  Deposits  of  tri- 
ple phospliate  may  mx-ur  in  pyelitis,  and  may  cxxmsion  incrusta- 
tions upon  tlie  moeons  sorfaee. 

Inflammation  of  the  ureter,  or  ureteritis,  may  occur 
under  the  same  eon*litions  as  pyelitis.  The  mucous  membrane 
of  the  ureter  lK»eomes  swollen  and  reddened,  as  iu  catarrhal  in- 
flammations elsewhere,  and  there  may  Im  erosions  or  superficial 
ulcerations-  The  othur  coats  art*  thiL"kene<J  by  inHammatory  infil- 
tration and,  in  chronic  cases,  by  fibrous-tissue  overgrowth. 

INFECTIOUS  DISEASES. 

Tuberculosis  of  the  pelvis  of  the  kidney  may  occur  as  a 
miliary  tuberculosis,  or  in  the  form  of  caseous  nodules  or  masses^ 
The  latter  may  be  primary  and  hematogenous  in  origin,  or  may 


Fio.  291.— TutM?r<  ulutjs  in  Mill  te  in  the  wall  of  the  urtiter,  wUh  hH*^iuniii^  hydronephrosis 
(from  a  »»j».Titmni  lii  tlie  Museum  of  the  I'luliidetpfaitt  Hoapital). 

result  from  ascending  infection  (Fig,  290).  In  such  instances 
the  mucosa  hecomes  more  or  less  extensively  infiltrated,  and  later 
caseous  and  uleenxted*  The  process  extends  to  the  ealices,  and 
subsequently  to  the  pymraids  and  other  parts  of  the  suh.stanee  of 
the  kidneys.  The  pelvis  may  contain  eonstderable  quantities  of 
caseous  or  puriform   matter,  and  the  kidney-substance  may  be 
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extensively  iiivolvetl.  The  urine  contains  piis-oorpiiscles  anrl 
often  tul;M?rele  bacilli  in  great  numbers.  TuherculoyiK  of  the 
ureters  leads  to  ntKlular  or  diffiise  thickening,  and  coninionly  to 
more  or  less  obstruction  (Fig.  291). 

TUMORS. 

Primary  eanecr  is  oxtremoly  nire.  Secondary  oancer  may  affect 
the  pelvis  in  aj?sm*iatioii  with  the  kidney,  or  the  nreters  in  asso- 
eiation  with  the  Ivladiler,  Small  eystic  ibrniations  arc  not  uncom- 
monly st»en  in  the  nuieons  membranes  of  the  ureters,  and  may  be 
dne  to  inflammatory  obstrnetion  of  the  crypts,  to  proliferation 
and  H)ftening  of  the  lymphoid  follicles,  or  to  parasitic  invasion 
{pm/rofipennkty 

PARASITES, 

Ronnd  worms  have  occa,si<mally  been  found  in  the  ureters. 
The  eggs  of  Sehigtosonium  hamatobiiuii  are  fre<iuently  <leposited 
in  the  mucous  membrane,  and  occasitui  inflammation  and  papillo- 
matous excreiycenccs. 


THE   URINARY  BLADDER. 

MALFORMATIONS. 

Congenital  malfotmations  ol*  the  bladder  arc  eompara* 
tively  (*ommou.  Amou^  the  more  important  is  r^iffropht/.  The 
anterior  wall  of  the  abdomen  and  of  the  bladder  lieing  wanting, 
the  nuicous  membrane,  with  tlie  openin;j!:s  of  the  ureters,  is  ex- 
poiWid  to  view.  Not  imeornmimly  this  condition  is  a^ssoeiat^ed 
with  epispadias,  or  division  of  the  elitoris>  S4tmetimes  the  Kmall 
intestine  discliarj^es  thriuigh  the  exstro|jhie  bladder,  the  large  in- 
testitie  being  contracted  or  eompletely  absent. 

OccasioiiMlly  tlie  unictais  reniaitjs  patulous  in  consequence  of 
atresia  of  the  nw.'k  of  the  bhuhler  or  urt*tlira,  and  the  urine  is  dis- 
charged from  tlie  umbilieal  end.  In  other  cases  the  nraehus  is 
closed  at  eitiier  end  and  the  intervening  jx>rtion  is  ililated,  with 
the  form!itii»n  of  a  cyst.  Again,  thtTe  may  be  only  pirtial  oblit- 
eration of  the  nraehus,  the  Remaining  portion  in  connection  w^ith 
the  bladder  beiug  patulous  and  gi\*atly  ililated,  forming  a  congenital 
adventitious  sae.  In  one  ease  uiuler  my  oliservation  this  consti- 
tuted a  cavity  of  considerable  size,  and  when  tilled  distended  the 
abdomen  as  far  as  the  umbilicus.  Congenital  diverticula  may 
CHX'ur  i[i  the  anterior  wallj  and  less  commonly  at  the  sides  of  the 
bladder.  Complete  absence  of  tiie  blailder,  division  into  lateral 
p(>rtions  by  a  septum  (vesiai  bipartiiiJi),  and  other  congenital 
defects  are  rare. 

Acquired  Malformations. — DiMation  of  the  bladder  may 
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result  from  congenital  or  acquired  stenosis  of  its  neck,  or  of  the 
urethra ;  or  from  paralysis  of  its  walls,  in  consequence  of  disease 
of  the  spinal  cord  or  nerves.  The  organ  may  be  greatly  increased 
in  size,  often  reaching  the  umbilicus.  When  the  dilatation  is 
acute  the  walls  are  greatly  thinned,  but  when  it  has  been  gradu- 
ally developed  compensatory  hj^pertrophy  of  the  muscularis  and 
of  the  submucous  fibrous  tissues  leads  to  thickening  of  the  Mralls. 
In  these  cases  the  mucous  surface  presents  a  ribbed  appearance, 
fibrous-tissue  bands  standing  out  prominently  and  the  mucosa 
being  pouched  between  the  bands.  Diverticula  of  considerable 
size  may  form  in  this  way,  and  the  w^lls  of  the  bladder  sometimes 
present  a  considerable  number  of  pouches. 

CHANGES  OF  POSITION. 

The  position  of  the  bladder,  or  of  portions  of  it,  is  sometimes 
abnormal.  Thus  it  may  enter  into  a  hernia,  or  a  part  of  the  wall 
of  the  bladder  may  prolapse  with  the  wall  of  the  vagina,  forming 
vaginal  cystocelo.  The  latter  is  due  to  the  traction  of  the  pro- 
lapsing utenis,  or  to  repeated  overdistention  of  the  bladder,  with 
weaknc*ss  of  the  anterior  vaginal  wall.  Complete  inversion  of 
the  bladder  through  the  urethra  is  occasionally  observed  in 
women. 

RUPTURE. 

Rupture  of  the  bladder  may  be  due  to  traumatism,  and  particu- 
larly to  perionition  by  fractured  pelvic  bones.  Rupture  from 
overdistention  is  rare.  Occ^asionally  it  may  residt  from  abdominal 
compression  when  the  bladder  is  distended  with  urine,  and  ulcera- 
tive pnxresses  beginning  in  the  mucous  membrane  may  |>erforate 
the  wall,  or  phlegmonous  inflammations  or  degenerating  new- 
gn>wtlis  surroimdiiig  the  bladder  may  lead  to  perforation.  In 
women  perforations  are  fre(iU<*ntly  (.stablishiMl  between  the  blad- 
der and  vagina  in  consofjuence  of  jjrc^y^nre  of  the  fetal  head  or  of 
loreei)s,  and  vesicovaginal  fiJr^tula  result.^.  Perforation  into  the 
peritoneal  eavity  is  usually  followed  ])y  fatal  acute  |>eritonitis. 
liupture  into  the  ti.-snc<  lxlr»w  the  |KTitoneal  n^flirtions  givt^ 
rise  to  widespread  infdtration  of  urine  and  phlegmonous  or  gan- 
grenous inflammation. 

CIRCULATORY  DISTURBANCES. 

Active  hyperemia  may  result  from  irritant  ix>isons,  such  as 
cantharides,  or  may  (Hcur  in  jMrsrms  suflcring  from  j)araplegia.  in 
oonsequenw  of  disturbances  oi'  innervation. 

Passive  hyl>eremia  occurs  wlnn  then*  is  pressure  upon  the 
inferior  vena  cava  or  thromlKKsis  of  that  v^-in.     Tiie  mucous  mem- 
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brane  becomes  dark-re<l  and  is  often  marked  with  punetate  hem- 
orrhages. ConBiderable  varicosity  of  the  veins  at  the  neek  of  the 
organ  may  occur,  and  may  give  rise  to  copioiiHi  hemorrhagei*,  or  to 
obstruction  and  retention  of  the  urine. 

Hetnorrfaag'CS  in  thi^  mueouH  membmne  oceur  in  severe  con- 
gestion or  inflammation,  and  in  various  hemorrhagic  diseases. 
Large  hemorrhages  into  the  eavi ty  it^^elf  may  result  from  tniuma- 
tism  from  without,  or  from  ealeuli.  The  varicosities  !>efbre  men- 
tioneil  may  oceiLsiou  con.sidenable  hemorrhage,  as  may  also  jjapll- 
lomatous  or  other  new*growths.  Large  f|uantities  of  filood  witli 
little  admixture  of  urine  may  leail  to  the  furmatiun  of  dense  clotj^t 
witliin  tlie  organ,  l>ut  when  tlie  quantity  is  amaU  tlie  blood  ig 
mingled  with  the  urine. 

INFLAMMATION. 

Inflatnitiation  of  the  bladder,  or  eystitis,  varies  in  ex- 
tent, duration,  and  elmraet4^r.  Acute  cystitis  may  result  from  irri- 
tant jKjisons  exen^tcd  with  the  urine,  and  frequently  attends  acute 
infectious  diseases.     In  these  cases,  however,  the  disease  is  gener- 


PlG.  ;i»2.-DUated  ribbed  bliidder 

ally  mild.  More  intense  fi^rms  m-eurfrom  extension  of  inflamma- 
tion to  the  bladder  iu  i^ases  of  urethritis,  or  when  septic  material 
is  introduced  iu  catheterization,  Keteution  and  deeom position  of 
the  urine  from  strictures  ur  prf:>static  hypertrophy  are  irequent 
causes  of  chronic  cystitis. 

Cystitis  may  present  itself  as  a  mticopundent  catarrh,  acute  or 
chronic  in  course  ;  as  phlegmonous  inflaraination  ;  or  as  a  pseudo- 
membranous process. 


h<w  Ae  hMdi(P^  2W). 


I  Of  vfBK  m  nispl^gis-    Thit 
inbij  fwdkn  sad  tniltaled,  and 
vilb  md  paiBqrfltitii  or 

'       llie  Madder 


293.— TuberctiloiU  or  iht-  tjladder  (Ortli). 


FMndoniaiQbraiioQs  eystitis  nccurs  in  certain  severe  infectiooa 
(Jipu^tM^p  and  may  prrtt^'iit   itself  in  the  tbrui  of  a  typical  nseudo- 


ruiiniliruiii',  cir  hh  a  eombination  of  plilegmonon.s  and  pseudomeiD- 

()<>ea,*ionaljy  pseudonienibranes  are  formed 


bmniiuii  intianimation. 
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without  any  inflammatory  pruccss»  in  nervous  individuals,  and  in 
the  course  of  or  aftt^r  pneumonia  I  have  seen  a  east  of  the  entire 
bladder  of  this  nature. 


INFECTIOUS   DISEASES. 

Tuberculosis  of  the  blatlder  is  UBually  secondary  to  tubercu- 
losis of  the  kidney,  or  to  that  of  the  prostate,  seminal  vesicles^  or 
epididymis.  Tubercular  ulcers  independent  of  tuberculosis  else- 
where in  the  urogenital  tract  may  ciccur  in  phthisis  or  iotestinal 
tuberculosis,  but  sueh  cases  are  rare.  The  lesions  observed  in 
tuberculosis  of  the  bladder  are  ulcerations,  lor  the  most  part  occu- 
py ing  the  base  and  surrouniling  the  orifices  of  the  ureters,  and 
there  may  be  distinct  or  clustered  tnl)ereles.  Numerous  small 
ulcers,  or  a  single  Iarp:e  ulcerated  surface  may  be  observed  (Fig, 
29Z\  Deposits  of  triple  phosphate  frequently  form  incrustations 
on  the  suriace, 

Sypliilitic  ulcers  have  been  observed  in  the  bladder,  but  are 
extremely  rare- 


CALCULI   AND  FOREION   BODIES. 

The  bladder  is  the  commonest  seat  of  urinary  calculi.  They 
may  occur  in  the  form  of  fine  f>articles  or  gravel,  or  as  stones  of 
consid<^nibte  size.  Usually  there  is  but  one  ;  somctinies  a  consid- 
erable number  niay  Ijc  |*reseut.  Tlic  .slia|>p  ami  general  aj>|)ear- 
ance  depend   ujMin  tln^  comj>nsitiou  of  the  stnue. 

The  fbrmatiun  t>f  calculi  is  due  to  prccipitiition  fnmi  the  urine 
of  its  various  earthy  or  other  constituents  as  the  result  of  stagna- 
tion and  fermentative  change.  Foreign  btKlies  tiften  form  the 
nuclei  of  stones,  am!  thus  a  calculus  in  tlie  bladder  may  form 
arouml  broken  jKjrtions  of  catheters,  hinr|>ins,  or  of  Iter  li>reign 
bixlies  inserted  into  the  urethm.  Similarly,  parasites  may  be  the 
nucleus,  and  in  ortlinary  <'ases  of  stone  the  mui'ous  or  degeneratiHl 
epitlielial  cells  eonstitute  the  focus  alxvut  which  the  dejXisit  occnu's. 
There  is  pmctically  never  a  simple  sedimeut  of  saline  or  earthy 
materia!,  but  a  combination  of  the  latter  with  some  albuminous 
matrix.  Catarrhal  conflitions  of  the  blachlcr,  especially  wlien 
comiiined  witli  stagnation  of  the  urine  as  the  result  of  hypertrophy 
of  the  prostate^  urethral  stricture,  and  the  likcp  are  the  most  com- 
mon antecedent  causes. 

Calculi  in  tlie  bladder  may  be  composed  of  uric  acid  or  urates, 
of  oxalate  of  limCj  of  various  phosphates,  of  carbonate  of  lime,  or 
of  certtuii  orgjinic  compounds. 

Uric  acid  and  unite  calculi  are  less  common  in  the  bladder 
than  in  the  kidney*  They  result  from  surchargr-  of  the  urine 
with  uric  acid  in  lit  hemic  or  gouty  individuals,  and  fmm  acid 
decomposition  ni-ndering  the  uric  acid  and  urates  inscduble.    They 
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are  yellowish  or  red  in  color^  ronndetl,  sUchilv  granular  or  smooth 
apon  the  sar&ce,  and,  as  a  rule,  quite  hara.  The  calculi  com- 
poeed  of  unites  are  usually  more  irregular  and  softer,  and  are 
geDerally  lighter  io  color.  Frequently  phospliates  are  oombuied 
with  them. 

Phospliatic  calculi  may  be  of  several  kinds ;  they  may  be  com- 
posed of  phor^phate  of  lime,  triple  phosphate^  or  mixed  pboii^phates. 
They  form  the  most  frequent  variety  of  ciileuli  and  concretions  in 
the  bladder,  and  are  generally  <lue  to  alkaline  dec-om position 
causing  a  deposit  of  the  simple  phosphate  of  lime  or  of  the 
combination  of  phosphate  of  magnesium  with  ammonium  phoet- 
phate,  known  as  tn|>le  phospliate,  Tht*se  deposits  may  occur  in 
the  form  of  ineni^tations  upon  the  surfact*  of  the  bladder  in 
various  disea.s*fs^  or  in  the  form  of  irregular,  soft,  and  more  or 
less  white  calculi. 


Fui.  2W.— Tun  of  pttpilloiim  uf  the  bUdder 

Oxalate  of  lime  occasions  roundeil,  hard  calculi,  of  lirownish 
eolor  and  of  irrcjLjular,  granular  siirfa(*<%  from  which  they  derive 
tfie  name  mulherrif  ralmlL  They  iKTciir  in  conditions  similar  to 
those  (causing  uric-acid  stones. 

f*alfiili  composed  of  carbonate  of  calcium,  sulphate  of  calcium, 
cyatin,  xaothiD.and*  in<ligi>  are  extremely  rare. 

Results  of  Urinary  Calctili. — While  cystitis  and  reteation 
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of  uriiK*  frequently  eaiise  sUme,  tlie  latU^r  is  prone  to  occasion  in- 
creased irritation  and  inrtanimation,  and  may  eanj^e  HorinuH  obBtriie- 
ticm  to  the  imtHnw  of  urine,  and  tluis  retention  in  tlie  bladder. 
Ulceration  may  take  jilace,  and  peHoration  of  the  bladder- walls 
may  ensue,  Hy|jer trophy  ed"  the  walls  eK'eiirs  when  the  stone  only 
partially  obstructs  the  outflow,  and  unck'r  tlie  same  etmditious  the 
ureters  may  beeome  distended  and  hydronephrosis  may  <jc€ur. 
Not  rarely  the  stone  lies  in  a  |M)Uehed  dilatation  of  the  wall  of 
the  bladder,  either  from  having  been  formed  in  that  situation  in 
consequence  of  stagnation  of  tin.'  unne^  fir  fnmi  havin^r  eause<J  a 
dilatation  by  weakeninji^  tlie  walls  at  a  certain  point.  Complete 
encapsulation  of  the  stone  has  been  obstTved  in  such  castas. 

TUMORS. 

Pol3^oid  outgrowths  fnim  the  mucosa  may  be  observed  in 
chronic  cvstitis. 

Fapillomata  cx^eur  either  as  the  rt^sult  of  chronic  irritation, 


KiG.  29&.— ^,  epahC'MomatnuH  toranr;  /?.  wartlike  itfrowtha;  C,  villous  isrmwthft  (Clado), 

or  as  apparently  causeless  tianors.     The  papilloma  presents  itself 
as  a  somewhat  eaiilitlower-like  elevation  affecting  the  base,  and 
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miDetimes  considenble  portioas  of  tlie  moeosa,  and  has  a  wludafa 
or  gnmsfa  color.  It  is  osnallj  Taacnlar,  and  therefore  freqnentlj 
eccamcnA  hemorrhages. 

Microscopicallv  it  is  composed  of  a  delicate  coonective-tisBiie 
stroma  contaiDii^  l^k'g^  thm-walkd  blood-vesBcLs  and  covered 
inth  crlindrical  epithdiom  (Pig.  294).  Occaaooallv  papillomala 
become  transformed  into  malignant  epitheliomatoos  growths. 

CarciiiOliUi  is  a  rare  form  of  primary  tumor.  It  occurs  as  a 
somewhat  papillomatoas  thickenii^  of  the  mnco^a,  or  as  a  more 
oonsiderakfe  infiltration  of  the  waU  of  the  bladder  (Fig.  295). 
Microscopically  it  is  composed  of  large  polymorplKHis  epithelial 
cells  infiltrating  the  walls  nHMre  or  less  deeply  and  irr^;alarlyy  or 
arranged  in  acini  or  alveolar  formations. 

Secondary  carcmoma  of  the  bladder  may  result  from  ex- 
tension of  prostatic  or  uterine  cancer.  Very  rarely  the  bladder  is 
involved  by  metastasis. 

Fibroma,  fibro-adenoma,  myoma,  and  myxoma  are  ooca- 
sionallv  observed,  and  cyds  may  be  formed  by  closure  of  pouched 
diverticiili  or  by  distention  of  the  patulous  urachus.  Cysts  of 
obscure  origin  are  sometimes  met  with ;  dermoid  cysts  are  rare. 
Harcmna  is  very  rare. 

ABNOI^MAL  CONDITIONS  OF  THE  URINE. 

QtlAlltity. — ^The  normal  quantity  in  the  adult  is  from  1500  to 
2000  cc.  Conditions  which  check  the  perspiration  or  action  of 
the  bowels  increase  the  amount  of  urine ;  excessive  sweating  and 
diarrhea  have  the  reverse  effect.  In  the  latter  case  the  excretion 
may  be  almost  suppressed  {anuria).  The  same  may  occur  in  acute 
nephritis,  or  chronic  nephritis  with  uremia,  in  extreme  anemia, 
and  in  acute  or  chronic  obstructive  conditions  in  the  gastro-intes- 
tinal  trar:t  interfering  with  absorption  of  water.  Occasionally 
anuria  is  reflc*x,  resulting  from  obstruction  of  the  urinary  passages 
by  calcidi.  The  quantity  of  urine  is  increased  {polyuria)  in  cases 
of  excessive  cr>nsumption  of  water,  and  habitually  in  diabetes 
mellituH  and  insipidus  and  in  chronic  interstitial  nephritis. 

Specific  Gravity. — Normally  the  specific  gravity  is  1015  to 
1020.  It  becomes  increased  when  the  amount  of  urine  is  de- 
CHiased,  and  vice  versd.  The  specific  gravity  is  especially  high  in 
diabetes  mc^llitus,  despite  the  polyuria,  sometimes  reaching  1040 
or  1050.  It  is  low  in  most  forms  of  chronic  nephritis,  in  diabetes 
insipidus  or  simple  polyuria,  and  in  anemia  and  hysteria,  or  other 
nervous  diseases. 

Color, — The  normal  amber  color  is  due  to  the  presence  of 
various  [)igments,  especially  urobilin  and  uroerythrin.  These  are 
derivatives  of  hemoglobin  or  bilirubin. 

In  pathologic  conditions  other  pigments,  such  as  heraatopor- 
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phyrin,  pathologic  iirobilio,  melaoiu^  etc.,  are  met  with.  ludicaii 
is  present  in  the  urine  in  tlie  form  of  a  chromog^n,  which  may 
sometimes  become  oxidizetl,  with  the  formation  of  dark-<_'olored 
pigment-animal  indigo.  Ceiinin  drugs  eliminate<l  with  the  urine 
cause  diseoh:i rations.  Bilindjin  oeeurs  in  jaundice  and  other  con- 
ditions, and  blood  or  ht^nioglobiu  may  cause  discoloration. 

Reaction. — The  normal  reaction  is  acid,  but  frequently  after 
meals  it  becomes  neutnil  or  even  alkaline.  The  ingestion  of  cer- 
tain footlfi  rich  in  alkalies  or  aeitls,  which  bec^jme  con%'erted  into 
alkaline  carbonates  (citrates,  acetates,  etc.),  may  oiy-c-asion  an  alka- 
line reaction,  while  other  acids  lead  to  the  opposite  result.  De- 
composition of  the  urine  usually  causes  an  intense  alkaline  reaction, 
by  conversion  of  the  urea  into  ammonia.  Occasionally  the  reac- 
tion of  the  urine  is  amphoteric,  both  red  and  blue  litmus-paper 
being  acted  upm. 

Glycosuria  is  a  term  applied  to  the  presence  of  glucose  or 
grape-sugar  in  the  urine.  This  may  be  a  transient  condition  in 
various  diseases,  such  as  chorea,  cerebnjspinal  fever,  whtx^ping* 
cough,  and  epilepsy,  and  is  not  uncommon  in  gouty  persons 
indulging  in  a  free  diet.  Sometimes  it  results  trom  the  effects 
of  poisons,  such  as  morphin,  chloroform,  or  carbonic  ox  id ;  but 
in  some  of  these  cases  the  reactions  of  glucose  are  simulated 
by  other  and  quite  different  redacing-substances  present  in  the 
urine.  Permanent  and  decided  glycosuria  is  characteristic  of  dia- 
betes mellitus  only. 

I^vulostliia,  the  presence  of  fruit-sugar,  lactosuria,  that 
of  milk-sugar,  and  dcxtrmuria^  that  of  dextrin  in  the  urine, 
have  Ix^en  diHfHjvered. 

Pentosuria  is  a  condition  in  which  pentoses,  sugars  contain- 
ing five  ut*»ms  of  carlxm  in  each  molecule,  appear  in  the  urine. 
The  condition  is  im|Kjrtant  mainly  because  pentoses  react  to  cer- 
tain Reduction  tests  (Fell! ing's,  Trommer^s)  like  glucose.  They  do 
not  |>ularizi'  liglit  nor  ferment  as  dtn-s  glucose.  IVntusuria  is  a 
metabolic  disorder  of  uncertain  character  sometimes  tKxnirring 
independently,  sometimes  in  association  with  dial»etes.  It  is  not 
the  result  of  disordered  metabolism  of  starches  and  the  source  of 
the  pentoses  is  uncertain  though  it  is  not  improbalde  that  they 
are  derived  from  nuc!eo-p  rote  ids  of  various  organs. 

Alkaptontiria  is  a  metabolic  disturbaiuce  in  which  the  urine 
turns  black  at\er  excretion.  The  addition  of  alkalies  to  the  fresh 
urine  causes  immeiliate  change  to  a  thirk  or  black  apiiearance. 
The  chemical  substances  concerned  in  this  phenomenon  are  homo- 
gentisic  acid  and  sometimes  uroleucinic  acid,  aromatic  acids 
derived  from  [>roteid  metabolism*  These  substances  are  in  part 
derivativ^es  of  albumins  of  the  food,  but  always  also  in  [)nrt  the 
products  of  metabolic  destruction  of  tissue  proteids.  Their  apj>ear- 
ance  in  the  urine  has  been  ascribed  to  the  lack  of  ferments  which 
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normally  destroy  these  substances.  It  ha^  also  been  held  that 
horoogentigtic  acid  h  formed  in  the  intestines  bj  bacterial  processes 
involving  decc»mpo«4ition  of  tyrosin.  Clinically  alkaptonuria  has 
be<'n  found  associated  with  diabete;?,  tuberculosis  and  pyonephrosis. 

Choltuia  ift  the  name  indicating  the  presence  of  biliary  pig- 
ments and  acids  in  the  urine.  It  is  most  frequently  observed 
in  cases  of  jaundice  due  to  hepatic  disease,  but  may  also  occur  in 
so-callHl  hematogenous  jaundice,  the  formation  of  the  pigment  in 
flome  of  the  latter  cases  probably  taking  place  in  the  kidneys  them- 
Belves.  The  urine  presents  a  dark  color,  var\*ing  from  brownish 
tf>  greenish.  Oxidizing  substances,  such  as  fuming  nitric  acid, 
produce  a  play  of  colors. 

Microscopically  the  cellular  constituents  of  the  urine  are  found 
stained,  and  granular  concretions  of  bilirubin  or  rhombic  crystals 
may  be  obs*?rved.  Hyaline  castj§,  more  or  le^s  deejdy  stained  by 
the  pi;j'iOHnt»  are  frequently  seen. 

ITrobilititiria. — Urobilin  occurs  in  the  normal  urine  mainly  as 
a  chnjmogeu,  or  is  converte<i  into  iimbiltn  on  the  addition  of  acid. 
Hometimes,  urobilin  is  present  in  large  quantities  in  the  fresh  urine. 
This  has  been  [mrticularly  observed  in  fevers,  in  jaundice,  and  in 
certain  anemic  diseases,  e,*ipecially  in  peniicions  anemia, 

Indicaoiiria.^ — Indigo-blue  occurs  in  the  urine  as  a  chromo- 
gen  which  gives  ris*^  to  the  formati<m  of  indigo  on  decomposition. 
This  indican,  or  indc^xvl  sulphate^  is  a  pnKluet  of  indol  derived 
from  the  intestine,  and  an  excess  of  indican  in  the  urine  is  sig- 
nificant of  intestinal  decomjKjsition. 

Other  forms  of  the  tether-sulphuric  acid  series  occur  in  the 
urine,  hut  are  less  signiticant. 

Acetotinria  m^curs  to  a  slight  extent  in  health,  but  more  par- 
ticularly in  conditions  of  inanition,  in  gastro-intestinal  disturbances, 
and  in  fever.  It  is  es|>€^cially  significant  in  diabetes  mellitus,  and 
may  become  very  prrmounccKl  toward  the  latter  end  of  this  affec- 
tion. 

DiacettLiia,  or  the  condition  in  which  diacetic  acid  appears  in 
the  urine,  is  also  met  with  in  feverg  and  inanition,  but  particularly 
in  diabetes. 

I^ipacidiiria  refers  to  the  presence  of  fatty  acids  in  the  urine, 
but  has  no  spe<'ial  significance. 

Hydrothioniiria  refers  to  the  presence  of  sulphuretted  hydro- 
gen in  the  urine.  This  is  noted  occasionally  in  autointoxications, 
or  as  the  result  of  fermentative  changes  in  the  urine.  The  urine 
may  have  a  foamy  appearance,  to  which  the  term  pnenmaturia  is 
sometimes  applie<l.  Other  gases  may  be  present,  but  only  in 
small  pro|K>rtion  and  rarely. 

Helanmia  is  a  term  applied  to  the  dark  discoloration  of  the 
urine  c^ccasioiially  seen  in  piTsons  siiflering  from  pigmented  tnmors. 
It  also  occurs  in  phthisis  and  other  wasting  diseases.    As  a  rule,  the 
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urine  becomes  darker  aftor  addition  of  oxidi;cing  j^ubstance^j  but  it 
may  be  quite  dark  wben  passed.     It  eon  tains  iron  and  f^ulphnr. 

Albuminuria. — Minute  traces  of  .seruiTi-albuniiii  prol>ably 
occur  in  tlie  normal  uritie.  I'be  tcrui  albuiiiiimriaj  bowcver,  is 
applied  to  cases  in  wljieh  albumin  is  rf mlily  detected.  It  may  be 
aceidentiil — that  ih,  dependent  upon  the  admixture  of  albuminous 
snbfitanees  from  the  mucous  mendjnme  lining'  the  urinary  passages, 
— or  essentially  renal  in  chanieter.  In  the  former  instiinees  the 
presence  of  abundant  blood  or  pusHTlls  indicates  the  nature  of  the 
case.  True  renal  albuminuria  consists  of  the  excretion  witli  the 
urine  of  serniu-albnmin  and  senmi-globulin,  the  former  being  con- 
siderably more  abnndani  than  the  latter.  Pure  serum nria  is  ex- 
tremely rare,  and  pure  globnlinuria  perhaps  even  more  so. 

Albuminuria  is  more  frec]uently  the  product  of  actual  renal  dis- 
ease or  nephritis,  and  is  then  due  to  the  disease  of  the  epithelium 
of  the  glomiTuli  aiul  tubidcs.  A  certain  amount  of  albumin  fMH'urs 
in  degenerative  or  congested  conditions  of  the  kidneys  ;  in  varicuis 
general  diseases  atfecting  the  blood  withfiut  mauift'st  disease 
of  the  kidney,  such  as  anemias,  diabetes,  and  the  like  ;  in  certain 
nerv^ous  affections  probably  influencing  the  cirenlation  ;  and  in  dis- 
orders of  the  digestive  tract 

At  times  allMmiinuria  is  periodic  or  cyclic,  this  periodicity 
depending  upon  general  conditions,  sueh  as  diet,  cxposuri^,  and  exer- 
cise, which  in  turn  affect  the  bloo<l  or  renal  cireutatitm.  Coneid- 
erable  amt>unts  of  allmmin  in  the  nrine  are  never  physiologic. 

Large  profMirtions  of  glc*bulin  occur  in  am}doid  disease  of  the 
kidnevs. 

Albumosuria,— Various  albuminous  substaneeK  derived  from 
serum-albumin  ur  serum-globulin,  and  not  cojigulablc  by  heat, 
occur  in  the  urine.  These  are  hyd  ra ti on -prmJ  nets  designated 
albumoses  or  propepton.  True  pepton  has  never  been  found  in 
the  urine.  Albumosuria  occurs  in  cases  in  which  pus-cells  or 
large  exudates  are  undergoing  absorption,  as  in  septic  processes, 
pneumonia^  and  the  like  {pj^offcnte  albvmomiria).  In  anothc^r 
group  of  cases  intestinal  malassimilation  or  decomposition  comes 
into  play  {ertteroffenir  nihnmmufia).  In  the  third  group  diseases 
of  the  blood,  such  as  leidvcmia  and  various  intoxications,  are 
active  {hemahM/enle  afbnmomiria).  A  fourth,  or  puerjKTal,  form 
occurs  after  labor.  It  has  also  been  observed  repeatedly  in  malig- 
nant tumors  of  the  skeleton. 

Nucleo-albuminuria.^ — Nudeo-albumin,  formerly  supposed 
to  be  mucin*  is  derived  from  the  protoplasm  of  the  surtiice-epit he- 
lium of  the  urinary  tract,  and  iR'curs  in  tlie  urine  in  small  4iuuntity 
in  nearly  all  persons,  aucl  iu  large  quantity  when  there  is  irritation 
of  the  lining  mucosa,  partioularly  in  pyelitis  and  cystitis. 

Cystiuuria  is  a  disorder  of  metabolism  in  wiiich  eystin,  a 
nitrogenous  sulphur  compound^  appears  iu  the  urine,  i'ystio  is 
a  normal  intermediary   product  of   metabolism  which  is  furtlier 


^ius^  'sr  &  ?»!arroi£iua  ir  jb&em!^  ii:  Ins-  is:ictn4»ii.  la  -T^foie  ■afc:4^J^ 
«finnrinp  piiiT»i!<.-ia  mtt  aiav^ssL  jarri^  i«*hi  rifumi  i  _in''  in"!  iridi 

metantiiii*    iiaCinwu^tL     Cv^amnsL  saT'    ivraeiiia  iti  TfnipaHin^ : 
bnc  ^mecmi^  Tv^^cn.  sumiL  los  nwm^f  in  -in*  ^uoitjv  ir  ii 
KhOBHEift  -icmzs^  in  •!fiBfinan&  in  -viiidi  iTmpa  ir  bttjmi  ^^ 
>  ran  the  iramrT'  imrm^\     Fibcmftc-  ■aci^  ir  -guMkf  mvr  be 

asoBilj  aenriaiE*!  irfo.  nfnaniiTi.  ir  ifiTUirsL 

'■EgiiiiLa^iaiFu  ^^  j,  'xcn  ippoeii  V  3it*  3P!5»!nix  )t  iMNAL  in  f&e 
rsrsut^  TTus  3ia7  le  amifrnmL  jmn  ahniTTir^  it  anaKaval 
hifitiii  joti  dii»  '.iiip,  ir  ai^  b«  ;&  pamiiuiE*!!  ^jmnrajiu  in  wtiieb  dbe 
birm*i  -irigrwips  fmn  :bis  kaiiKv^  m^cs.  liiitniis:  irnaia^  •ir 
«KZ&a'  parr^  it  :iie  irinarii  ^f^aem.  Kflmi.  itefimrnra  mar  rsuIk 
frinL  inoBKe  •?oiitE'!<carHL  -ir  mm  bauuLLiutr*:  oifporrcbk  TmnBBfr- 
OBii*  ''nJiiig  :7>in  widmac  *ir  imm  isumxii  in  :ne  p«iTi&  ^  a  fin-- 
qiKiic  <ai]se.  TimiJi:^  ai  7p«i:fiiir  'nifamniapjrr  prw«as«si»  ir?  •!!»»- 
small  «5ui»!<^  SvnKcme^  btnmicsRL  ^  ioe  or  inoemae  aiKouib. 
honorciiaeK  <S&iaik!esw  ^ir  ^e^r^ti?  bmixfisicaMis.  H*HiiiiGaEai  wiuKik 
B  *ii]e  :»  iniiniimr^  'it  hlasifi.  wica  ^  ir*iK  S!iiiw  die  ksiiKy 
E>!sfiite  t5r>in  izaamiicasou  injanr  bv  •calculi  ir  '."acLeofraasaiiL.  fi^im 
vatseoiar  ^nizi]«>c^.  jmi  «Ke»iiiBiIbr  Qfim.  imfamnuiucy  jt  'jcber  «&- 

blaiiiiHr  b^  dii^  mritmaa*  :ttiniLxt3E«f  *it  inne  :iaii  bu)»j%L  ^ubI  b**  cb? 
ais«o«!ciSiiii  -^viiieiiireiif  it  raul  •&«&!« — r'onl  'jpitatfiium^  cabe-<w&Sw 
•^T.  FruriiHixcatiixi  •>!  cbe  red  «!«)cp<&?eLe<>  is  T^iiii  i^y  imfiiragg  rooI 
bfoiacir-ji.  Li  bfMiiiiciirfi&  ^ynsaxassiss.  in  rh«f  bliiiiLer  lacs^r  elo^ 
OKET  oifci-.  in  iRsT^riaciiHi  with.  btaiiler-*'Di':h«^iirxrn  m«i  rnacin  ;  na- 
•^if*t>-il}yii:ii:n  .  Li  '!a25«*<  '>t  ?aiifJea  rvnal  iiHOi*  criitre  Iar»  cb>c?w 
jomecni*^  r'm'ng  .'atci  '>t  di>*  jwlvis^  31117  ^v  5  nut^i  ami  ilis- 
'!narT^L 

ffginogiobiimfia  iimiiuiacet?  the  pr«<*?n«>e  :r  fr«r?  hjeo».^>tHn 
■%r  vt*  3i»^*:ii^rci*  iri*>oiii  in  the  arine.  iritho«it  the  ijcv^^^nce  ot  bfcx»J~ 
•*iyrpiLS'i»t^.     H-^mttr^^c^uiina  nf:?alt?  i-oi    .•a-.L<«:f  Triiieh  l«id  t*> 

-rhrr-c^ri  the  kiilnev^.  It  is  met  vith  in  -.-irriiLs  :nifi*ri«>«s  •lis- 
r2i»e?»,  "rnoh  IS  miilATTa.  ami  in  Liio>xft.*uti* -cs.  is  in  rt.^Ls».»aiiut  wicb 
p«-jca.^inni  chlorite,  •-■arb»->tie  a«:i»L  ar!?eci:«:.  an*:  chnr  iri:r^  •Mr  witk 
V/a*fcti>>Li.  I:  -Kinbiit^oaily  r»»salts  rn?m  ^zuLsrCi:-?  .r  p^xsooin^  by 
'.cfaer  vrmicnocs  :mim;iU> 

Puoxyimal  tonofiobmiiia  is  :i  t*rr.i  t'  irLtrrnitreac  disease 
^•p^wiallj  :V»rfi^»=^nt  in  ^btpi>pi«?al  ♦.veneres.  Thr  dttaeks  swne- 
tlme^  seem  t*'  be  •ietenmneil  bv  rxpiieiir»r  r»»  -.vl'i  -ind '.^cfaer  ex- 
temal  m:irieni?e«.  whilst  the  pretlisp^r^a  nny  be  dependent 
ixpoo  §TphiIL^  or  'icher  ^Evmefsl  •iist^nlers.  The  uriae  pcessenfe^  a 
dark-mi  'ir  bn>wiush  color,  aiiii  when  tested  with  the  speetio- 


DISEASES  OF  THE  URINARY  ORGANS. 


689 


scope  shows  the  hantlB  indicative  of  hemoglobin  or  methemo- 
globin. 

MicroscopicaUy  the  hemoglobin  may  present  it8elf  in  the  form 
of  grannh's  or  east-like  formations,  or  j^ometimes  an  crystals. 
BloiKl-t'orpuseles  are  absent,  or  at  most  pn^sent  in  extremely 
nmall  lumihers. 

I^ipuria. — A  Bmal!  amount  of  fat  may  appt^ar  in  the  urine  in 
cases  of  advanced  diffuse  nejvhritis  with  fatty  u(^^enerati(in,  and  in 
(^ertaiu  C4ises  of  pyelitis.  In  other  eases  lipuria  n^sults  from  dis- 
fmlers  iu  whieh  there  is  exeeas  of  iiit  in  the  hhnwl  (lipemia).  This 
oeeui's  in  ea>;e.s  of  excessive  eonsumption  of  oil  or  fatty  ftMxl  and 
in  cases  of  intoxication,  notably  In'  arsenic.  It  is  sometimes  pres- 
ent in  diabetes,  phthisis,  chronic  alcohol  ism,  and  obesity,  and  fract- 
ures injuring  the  marrow,  or  serious  traumatism  of  the  subcuta- 
neous fatty  tissues  may  cause  fat-embolism  and  lipuria. 

The  appearance  of  the  urine  varies  w  ith  the  amount  of  fat, 
but,  as  a  rule,  there  is  a  solid  Si-um  upon  the  surface,  and  tiiere 
may  be  large  oil-drops.  Occasionally  the  urine  is  quite  milky 
when  recently  passed,  Mieroscopically,  oil-drops  are  more  or  less 
abundant  j  and  fat-crystals  may  be  discovered. 

Chyluria  is  tlic  name  applied  in  a  milky  condition  of  the 
urine  which  probably  results  i'nnu  admixture  of  lymph  or  ehyle* 
The  urine  is  light  colored,  and  nuire  or  less  milky  in  appeanuu'c. 
Often  tliere  is  a  reddish  discc»lonttion  from  associated  hematuria 
{hematochifluria).  The  urine  contains  albunun  and  sometimes 
albumoses. 

Microscopic-ally,  numerous  oil-dn>ps  of  varying  size  and,  usu- 
ally, blowl-f*orpusc!es  are  detected.  The  most  frequent  cause  is 
the  obstruction  of  the  lyn>phatie  elmTUiels  and  their  subsequent 
rupture  in  the  kirlney  or  bladder  in  eonsequenee  of  the  lodgement 
of  the  Filaria  sjxnguinis  hominis.  In  these  eases  the  eml>rvos  of  the 
filarije  are  usually  detected  iu  the  urine.  Sometimes  a  chyluria  is 
uou-pamsitie,  luit  the  causes  are  olKscurc. 

Bacteriuria, — Normally  the  urine  contains  no  bacteria.  In 
cases  of  cystitis  or  other  inflammatory  diseases,  lu>wever,  and  par- 
ticularly when  eatheterizatiou  has  been  practised,  bacteria  of  de- 
comjxjsition  may  be  present,  such  as  the  Mirrococcun  urecTj  Bac- 
t^rhim  termOf  the  Bnriflim  proteim^  yeast- fungi,  and  other  fiirms^ 
Not  rarely  the  JldrUiun  eofi  cfymmunin  is  met  with,  particrdarly  in 
as+iending  infi^'tirms  of  the  urinary  tract.  In  cases  of  certain  in- 
fectious diseases,  such  as  typhoid  fever,  pneumonia,  and  erysipelas, 
the  specific  micro-ijrganisms  may  be  fimnd  in  the  urine,  having 
escaped  fii>m  the  bloml  t!irough  the  capillaries  of  the  glomeruli, 
Strcpt*5eoeci  are  also  met  with  in  primary  and  secondary  infectious 
nephritis.  The  UftrilhtH  UihfrcuioKiH  may  he  discovered  in  cases 
of  tuberculosis  of  tlu*  kidney,  urt^ters,  bladder,  or  other  parts  of 
the  nrinary  tract  {Fig.  296).     It  is  frequently  present  in  clusters. 
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m  Ibe  grettler  esae  wtth  vitteli  tfie  i 
I  villi  eaibol-mdisiJi,  mar  be  deeoloRaed  bf  i 
tiTe  diliereiitiatioii  in  doubclttl  ewes  is  made  by  iojecticifi  of  the 
ctrine  mto  guinea-pigs. 

OIEMICAL  CHA^NGES  AND  SEDIMENTS. 

The  vancKis  inof^gafiie  aad  argaaic  ocNOksftitoefits  of  the 
may  be  preseot  in  exeeaave  qnaalttieay  and  nay  fbna  depostts^  < 
abooriDal  cfaenueal  sabstanoeB  maj  be  detecled. 

Vtlc  acid  is  deposited  in  the  fonn  of  ydlowishy  brownish,  or 
reddish  crystalB  of  whetstone  shape,  or  as  irregular  angnkr  fornia- 
tiona  guperimposed  or  dnstering  together  (Rg*  297  W  The  cx>lor 
18  dne  to  uroerythrin,  taken  up  fTx>m  the  urine.  £xoess  of  uric 
add  oecnrs  in  tithemic  and  gouty  eooditioos,  and  the  crystals  majM 
deposit  from  a  highly  acid  nrine,  even  tbongh  there  be  no  exc 

Oxalate  of  lime  occurs  in  the  fbmi  of  highly  refiacting  4 
faedral  corroscles,  their  appearance  being  likened  to  that  of  anl 
envelope  (rig.  298).     Certain  foods  rich  in  oxalates  may  cause 
exoesBive  excretion^  and  oxaluria  occurs  as  an  independent  oon-j 
dition  of  ob^core  nature  allied  to  gout  and  lithemia.     O2 
deposit  from  highly  acid  uriuCf  even  though  no  excess  be  presents 
ThiB  must  be  distin^ished  from  oxaluria  proper. 

Phosphates. — VariouC  form^  of  phosphates  are   found   in 
crystalline  form  in  urinary  isediments.     Basic  phosphate  of  mag-  . 
nesium  and  neutral  phosphate  of  lime  are  found  in  urine  becomin  _ 
alkaline,  while  the  phosphate  of  ammonium  and  niagnesinnif  or^ 
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triple  phosphate,  is  met  with  when  alkaline  decomposition  takes 
place*  It  presents  itself  iu  ditlerent  formg^  the  most  characteristic 
being  the  large  eoflin-lid  crystals  and  certain  star-shaped  forma- 
tions {Fig*  299),  Triple  phosphate  is  especially  abundant  in 
cystitis  with  alkaliiie  decomposition  of  the  urine  in  the  bladden 
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Fig.  CW-^VarloBH  forma  of  urk'-acld 
crystals. 


Fio.  !29i8.— Varlmia  forms  of  crjalttls  of 
oxalati*  of  calciuui. 


Urates* — Urates  are  deposited  from  acid  urines  as  a  whitish 
or  reddish  sediment  of  amorphdiis  character.  The  reddish  color 
sometimes  observed  is  due  to  admixture  of  urinary  pigment.  In 
decomposing  urine,  of  somewhat  alkaline  reaction,  unite  of  ammo- 
nium is  deposited  as  hedgehog  crystals  or  masses  (Fig.  300). 


Fig.   299.— Trystuls  of    triple  pbrj«phaie 
(amiDOiilum  magneiiium  phosphattj). 


Fig.  aoo.— Urale  of  ammonium  cryitate. 


Hippuric  acid  is  rarely  met  w^ith,  excepting  after  the  ingei<- 
tion  of  benzoic  acid  or  of  certain  fruits.  It  forms  long,  prismatic 
cr^^stals,  which  occur  in  groups. 
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Carbonates  and  stdpltates  are  rarely  obeerred  in  urinaiy 

sedimenti?. 

Fat-Ciystals  occur  in  the  form  of  fine  needles,  or  of  aggre- 
gaticiiis  arranged  in  a  star-like  manner  and  resembling  tyinein 
groups  (Fig.  301).  They  aie  found  in  cases  of  chronic  nephritis, 
pyeliti.s,  an<^l  cystitis. 

TyrosilL, — ^Thii$  substance  usually  occurs  in  the  urine  in  solu- 
tion, or  rarely  in  the  form  of  sheaves  composed  of  fine  needles 
axmug^l  in  star-like  clusters  (Fig.  301). 

Leticm  occurs  as  small  spheres,  often  having  a  somewhat 
radiated  structure  within.  These  are  most  readily  discovered 
when  the  urine  has  been  partially  evaporated. 

Leucin  and  tyrosin  are  observed  in  acute  yellow  atrophy  of  the 


•/ 


K 


Of  o  1 


FiQ.  aOL^Leucia-tpheres  ftod  tyrocin-         F10.  ft(i2.— Cboleslerlo-pUtes  and  fki-ciriUls 
needles.  ^ 


lerlo-pUtes 

(Deeolea). 


liver,  in  phosphorus-poisoning,  and  occasionally  in  severe  infeo- 

tioiis  fevers. 

Cystin  occurs  in  the  form  of  hexagonal  plates  often  super- 
imposed. They  are  most  frequently  associated  \vith  cystin  calculi 
in  the  kidney. 

Xanthin  is  extremely  rare,  but  may  be  associated  with  xan- 
thin  ("altnilus. 

Cholesterin  ap|>ears  in  the  form  of  flat,  rjuadrilateral  plates^ 
with  a  re-entering  angle  at  one  of  the  comers  (Fig.  302).  They 
are  met  with  in  old  cvBtitis  or  pyelitis,  but  are  rare. 

Indig'O* — Amorphous  pirtieles  or  erystals  of  indigo  may  be 
found  in  urine  containing  great  excess  of  indoxyl  sulphate.  They 
prosent  a  characteristic  bluish  color, 

BUimbin,  hemoglobin,  methemoglobin,  and  hema- 
toidin  are  occasionally  seen  a,K  l>rownish  granular  concretit»tLs  or 
in  the  form  of  rhombic  crystals  (see  Choluria,  Hemoglobin- 
uria). 
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THE  URETHRA, 

CONQENITAL  ABNORMALITIES, 

Absenf^e  of  tlie  urt^tiirj,  is  sometimes  met  with  in  asscteiation 
with  other  deieets  of  development.  Partial  defieierwies  ami  ab- 
normal stnictuni  of  the  urethra  are  more  frequent.  Thus  in  the 
female  it  may  be  red  need  in  length  and  open  in  the  anterior  wall 
of  the  vagina,  and  in  the  male  may  t^^rminate  at  the  base  of  the 
flcrotnm.  Obliteration  of  jmrt  of  the  urethra  (atresia)  may  oeenr 
in  eases  of  defeetive  development  of  tlie  corpus  f^jxjTigiosiim  ;  more 
ci>mmonly  there  is  obliteration  of  the  meahis*  Other  al>normal 
conditions  will  be  considered  in  eonneetion  with  defective  develop- 
ment of  the  penis. 

INFLAMMATIONS. 

Inflammation  of  the  urethra^  or  urethritis,  is  most  fre- 
quently dnc  to  a  specitio  micro-organism- — the  gonoeoc^cus  of 
Ncis^er.  Some  eases,  however,  are  non-.s]H*eific,  resnlting  ihnn 
irritation  by  chemical  or  mechanical  agents  with  associated  infec- 
tion (etaphyloeoeei,  streptococci,  or  otlier  organisnjs).  Some  of 
these  cases  are  caused  by  dire<-*t  traumatismj  as  by  blows,  injuries 
caused  by  catheterization,  and  the  like;  in  other  cases  foreign 
bodies  J  as  ealcnli,  become  IfKlged  in  the  urethra  and  fM-easiiin  in- 
flammation, or  injure  the  urethra  in  imsstng.  I'retliritis,  like  in- 
flammations of  other  mucous  nienibmnes,  may  occur  in  various 
infections  disea^ses,  such  as  typluiid  fever,  scarlet  fever,  small-jnox, 
etc.  In  the  female,  inflammations  of  the  vagina  and  vulva  fre- 
quently extend  to  the  urethra.  A  form  of  pseudomeniliranous 
urethritis  of  obscure  origin    has   lieen  observed   in  a  few  cases. 

Spe(*i(ic  urethritis,  or  f/o/m/r/tfo,  is  always  due  t4t  direct  infec*- 
tion  with  the  gonococcus  (for  doscriptiuu  of  the  orgiinisni,  see 
Part  I.).  Certain  conditions  of  the  nrethni  favor  infection  ;  thus 
an  adherent  prepuce,  by  cruising  greater  retention  of  tlie  intct-tive 
matters,  increases  the  liability,  and  ju'obalily  congested  and  irri- 
tated states  of  the  uretlind  mucosa  iK^iglilen  the  suseeptil>ility. 
The  vulnenibility  <^f  dillc  rent  individuals  probal>ly  varies;  aiid 
doul^tless  the  micro-orgiinism  has  greater  virulence  in  some  in- 
stances than  in  otht^i-s. 

Pathologic  Anatomy. -^Urethritis  usually  first  affects  the  nnicosa 
at  or  near  tlie  meatus,  l*ut  tends  to  sprt^ad  rapidly  to  the  ptjsterior 
parts*  The  mueosa  is  at  first  intensely  congestctl,  red,  and  swollen. 
Smm  a  purulent  exudate,  of  y^'llowish  or  greenish  color,  makes  its 
appearance.  The  snmll  erypts  or  lacume  swell  and  become  dis- 
tended with  purulent  exudate. 

3Iieraicopicafi^j  urethritis  presents  the  features  of  nn  intense 
purulent  catarrh.  Within  a  few  days  of  the  onset  the  super- 
ficial epithelium  becomes   loosened   and    Iwi'gins   to  desfjuainate ; 
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(pcmle  poriiaB)  ia  wUA  the  linieig  epMipImm  fe  of  tlfee 

k^ — lo  Mmpie  cans  the  disM»  pfooeeds  no 
bees  dncribedy  bnt  afler  a  period  €»f  WTCfsI 
nbmia.  Vcrr  frpqaentlr,  bowerer,  the  inluifr- 
wmrimm  directions^  and  oomiilieatiiig  ooaditioiie 
the  MMictzTe  agentB  pcnotivte  toe  Mcnftfona 
propria  of  tbe  small  dands  (IjitM<'s  gknds),  or  enter  the  sob- 
1^  direct  inva^on  tbroogli  the  bitefglaiidDlar  parts  of  tbe 
I^^ikoerdc  coUeetioos  in  tlie  si^NiiiiDosa  or  perimg^rikml 
I  majr  leffult.  In  these  caaes  the  ^ooocooco?  alone  mar  he 
dbt  ioAeliTe  caa^,  or  other  pyc^oic  orgaoi^ais  tomv  be  asB«>ci^ed  ; 
ionietime^  pi^riarethnil  ledions  are  caused  hj  stapkijloeocci  inde- 
peodently  of  grmocijeei.  Occasionally  accmnulatinQd  of  pus  in 
Tffion'ii  j^landii  may  Aimulate  periurethral  ahsaoeseeB.  In  the  fe- 
mnh*  similar  purulent  distention  of  the  glands  of  Bartholin  is  a 
fw'Oitent  leffion*  The  inflammation  of  the  urethra  ts  often  confined 
to  ilie  anterior  portion  (anirrvfr  urfihriii*)^  but  mar  extend  to  the 
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posterior  portion  {posterior  urdhrttiii).  In  the  male^  secondant^  in- 
volvement of  the  prostate  gland  is  Hkely  to  occur  with  poiiterior 
urethritis  ;  and,  more  rarely,  the  orgtmisms  invade  the  vas  deferens 
and  find  their  way  to  the  epididymis,  causing  acute  epididjfniitis. 
The  bladder  is  rarely  involved,  the  mucosa  apparently  otfering 
considerable  resigtance  to  the  inicction.  In  the  female,  acute  vag- 
initis, and  especially  inflammation  of  the  cervix  uteri,  are  com- 
monly associated.  Secondary  exteDBion  to  the  uterus  may  occa- 
sion gonorrheal  endonxetritis  ;  more  frequently  the  uterus  is  but 
little  afiected,  while  the  FuHopian  tubes  suBer  intense  intlamma- 
tion.  Catarrhal  or  purulent  salpingitis,  often  complicated  with 
Im^id  peritonitis,  is  one  of  the  must  important  of  the  com  plications. 
When  pus  from  a  gonorriical  urethritis  is  brought  in  cojitact  with 
the  conjunctiva  a  severe  form  of  purulent  coiijunetivltw  results. 

Metastatic  lesions  are  not  infrecpient.  Among  these,  gonorrheal 
ai'thntls  is  the  most  familiar.  It  usually  occurs  late  in  the  disease, 
sometimes  after  an  interval  of  weeks  or  months  from  the  onset,  and 
involves  the  larger  joints  (kuee,  elbow,  wrist).  Purulent  exuda- 
tion and  hbnius  anchylosis  may  result.  A  similar  lesion  is  gtmor- 
rheol  tenottpiovltis.  Sometimes  the  pericaitlium,  endoc^ardium,  and 
myocardium  are  involved ;  and,  more  rarely,  the  pleura  and  the 
membranes  of  the  cord. 

Enlargement  of  the  lymphatic  glands  of  the  inguinal  (bubo) 
region  is  frequent ;  sometimes  it  terminates  in  suppuration. 

Chronic  urethritis  is  usually  the  result  of  continuation  of  the 
acute  form.  It  may  present  itself  in  the  form  of  a  chronic  catar- 
rhal process,  as  a  hyperplastic  inflammation,  or  as  a  productive  or 
cicatrizing  form. 

In  the  catarrhal  form  of  chronic  urethritis  the  lesion  is  practi- 
cally the  same  as  in  the  acute  disease.  The  epithelium  is  loosened 
and  more  or  less  desquamated,  and  sometimes  distinct  erosions  are 
observecL  Definite  ulcerations  may  o<::cur  in  parts  ha<^k  of  strict- 
ures. The  columnar  epithelium  may  be  converted  into  the  squa- 
mous form  in  localized  areas  or  diffusely.  The  crypts  and  ghinds 
of  the  jimcosa  may  be  distended  with  desquamated  cells  and 
more  or  less  periglandular  iufiammalion   may  be  observed. 

In  tiie  hyperplastic  variety  the  murosa  is  thickened  in  a  papil- 
lomatous manner,  and  diffuse  catarrhal  inflammation  is  associated* 

The  productive  or  cicatrizing  form  is  the  tfiost  impoi'tant.  It 
may  be  diifuse  in  eharaeterj  but  is  usually  localized  and  leads  to 
strict  0  re-fo  rmat  ion. 

Stricture  of  the  urethra  is  most  frequent  in  the  membranous 
portion,  but  may  CH'cur  in  the  anterior  parts.  Not  rarely  there 
are  several  strictures  in  tlie  course  of  the  canal.  Histoh>gically 
the  stricture  is  the  result  of  productive  in  flam  mat  ion  of  the  mucosa 
and  submucosa.  It  is  thcretbre  a  lesion  of  slow  development,  and 
may  not  become  obstmctive  tor  months  or  years  after  the  acute 
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attack  of  gonorrhea,  to  which  it  owes  its  origin,  has  subsided. 
The  lumen  of  the  urethra  is  encroached  upon  in  limited  area  or 
for  a  considerable  digtance,  and  on  section  the  stricture  is  found  to 
be  hard  and  resisting.  When  the  lumen  of  the  urethra  is  greatly 
narrowe<J  the  outflow  of  urine  is  impeded,  and  Iiypertrophy  of  the 
walls  uf  the  bladder  results.  Later^  dilatation  of  the  bladder,  and 
even  of  the  ureters  and  pelvis  of  the  kidneys,  may  result.  The 
urethra  back  of  the  strit*ture  frequently  pres€*nts  the  lesions  of 
chronic  catarrhal  or  hyperplastic  urethritis,  the  obstruction  serving 
to  prolong  the  original  inHanimation  of  these  part^.  Rupture  of 
the  urethra  and  extmvusation  of  urine  into  the  cellular  tissues, 
witli  subsequent  net^rosis  and  gangrene,  may  occur. 

In  chronic  urethritis  there  is  usually  a  constant  but  slight  dis- 
charge of  mucous  exudate  {ghd\  Examination  of  this  may  dis- 
cover no  gijufMNK^ci,  or  only  an  cK?casional  gnmp.  The  urine 
contains  flocculcnt  shreds  {clap- threads),  which  on  micrt>sc<3pic 
examination  are  fbuntl  to  be  graoular  or  homogeneous  structures 
resembling  cylindroids,  and  often  covereil  with  pus-cells  that  have 
adherc^l  to  the  surface.  The  amount  iff  discharge  may  be  quite 
copious  at  times,  esix^cially  in  the  hyperplastic  and  catarrhal  forms 
of  chronic  urethritis. 

INJURIES  OF  THE   URETHRA. 

The  urethra  may  be  iiijunNl  jjy  traumatism  from  without  or 
within.  In  crises  of  falls  with  injury  of  the  perineum  the  mem- 
bmnous  jiortion  of  the  uretlmt  may  \w  seriously  lacerated,  and  in 
women  injuries  sustaimHl  during  labor  nmy  t^iuse  immediate 
rupture  u^  the  urethra,  or  may  first  o«*casiou  inflammatory  and 
necnitic  <'hnuges  in  the  antt'rior  wall  of  the  vagina  and  secondary 
perfonition  of  tlie  urethra.  Injuries  from  within  the  urethra  may 
be  due  U\  fiirt*ed  attempts  at  cath etc rizii lion  wlien  some  form  of 
obstructioji  iipiKJses  the  passage  of  t lie  instrument.  **  False  pis- 
sag<^s*"  are  thus  CM^casioneil,  and  may  result  in  fist u Ire  and  extra va- 
sfitions  of  urine,  (.'oncretions  or  ealculi  from  the  kidney  or  bladder 
may  lodge  in  tht  urethra,  and  may  cause  immediate  perforation  or 
primary  inflammation,  with  st^omlary  rupture  of  the  walls. 

Rupture  of  the  urethra  t^uses  extravasation  of  urine  into  the 
periurethral  cellular  tissues.  If  the  skin  is  intact  and  the  urine 
ctinn*)t  escape,  widespr«^ad  inflammation,  necrosis,  and  gangrene 
are  liafjle  to  rwcur.  Fistulous  communications  may  be  established 
with  the  exterior,  or,  in  wnmen,  with  the  vagina. 


INFECTIOUS  DISEASES. 

Gonorrheal  urethritis  is  the  impi>rtant  infectious  disease 
of  the  uretliriL     For  convenience,  it  has  l)een  described   under 

InflfimTuatious. 
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TtlberctLlosis  of  the  vesical  end  of  the  urethra  may  be  asso* 
ciated  with  tuberculosis  of  tlie  bladder.  Lupim  Hometimes  in- 
volves tbe  meatus  and  anterior  end  of  the  urethra  in  cases  of  lupus 
of  the  external  genitalia  of  wouieu.  Very  rarely  tuberculosis  of 
papillary  form  is  met  with  iu  tlie  uretliral  mucosa, 

SjTplliliSp—^Tlie  chancre  may  occur  in  anterior  parts  of  the 
urethra  in  cither  sex.     It  usually  uudcrgocs  rapid  ulceration, 

TUMORS- 

The  uretlira  of  women  is  more  often  the  seat  of  tumors  than  is 

that  of  men, 

SmaU  polypoid  ttimors  are  occasionally  j?een  hanging  frrjm 
the  meatus ;  they  may  be  of  cystic  character,  like  the  polyps  of 
other  mucous  membranes. 

Carcinoma  is  usually  secondary  to  cancer  of  the  external 
genitalia  (vulva,  vagina,  glans  jicnis).  Primary  aircinoma  origi- 
nating frtmi  Cowper's  gland  ha8  been  deserilied,  aud  a  few  cases 
of  carcinoma  of  other  parts  td"  the  urethra  have  been  observed. 

Cysts  of  the  mucous  membrane,  due  to  retention  of  the  con- 
tents of  the  small  glands,  arc  t»ccayioually  met  with,  especially  in 
the  j>oster io r  jwrt ion  of  1 1 le  u re tl j  ni .  T h c  i  n n e r  1  i  n  i  ng  ( d'  t he  cyst 
is  elevated  in  the  torn)  of  papillee  covered  with  stpiamous  epi- 
thelium. 

Sarcoma  of  the  urethra  has  been  described,  but  is  very  rare. 


CHAPTER  VIII. 
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THE  UTERUS. 

Development  and  Anatomy. — The  uterus  is  formed  by  the 
fusion  of  tlic  middle  jiurtioiis  of  Miillcr'?^  duct^?,  the  fusion  iirst  tn*- 
eurrinj^  below  where  the  cervix  uteri  is  devcloi>ed.  The  epithelial 
lining  of  the  duct.s  gives  rise  to  the  ouieo-^a  of  the  uterus,  und  its 
outer  layers  to  the  ninscularis.  The  utrieiilar  ghiiuLs  are  devel- 
oped by  iu^jrowths  from  the  linin|j:  cells,  and  first  aj»pear  and  reach 
their  nnjst  complex  development  in  the  cervical  portion.  The  outer 
i;urface  of  the  cervix  (porfio  ra(jinali«)  m  liniHl  with  stratified  squa- 
mous cpithclinm ;  the  cavity  of  the  uterus  aud  cerviea!  canal  with 
cylindrieal  ciliated  cells.  In  the  cerviea  I  porti^m  arc  fra  md  uu* 
merous  racemose  glands  and  Ijctwecn  them  simple  tubular  glands ; 
in  the  corpus  uteri  the  glands  are  simple  tubules. 
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uierua  unicomk  is  used  to  designate  cases  in  which  but  one  of 
Muller's  duct^  has  developed,  tlie  other  remaining  rudimeutitr)\ 
Malforniationtt  of  the  vagina  may  be  asstmiated  with  tho^e  of  the 
ut<*rus  already  named,  though  this  is  rarely  the  ease.  A  number 
of  siibdivisiong  have  been  dij^tingui^hed  for  each  of  these  malforma^ 
tions^  but  they  are  unimportant. 


ALTERATIONS  OF  POSITION, 

The  normal  position  of  the  uterus  is  one  of  slight  ante  version 

with  anteflexion ;  that  is,  the  fundus  lies  a  little  farther  to  the 
iront  ttmn  tlie  cervix,  and  there  is  a  slight  band  or  flexure  in  the 
middle  pt^rtion. 

A]:iteflexio&  is  a  condition  in  which  there  is  marked  angula- 
tion of  the  uterus,  the  finidns  falling  forward.  Relaxatiim  iit'  the 
ligaments  predis|)0ses  to  this  eondition  ;  and  it  may  be  caused  hy 
the  pressure  of  tumors  situated  jx>steriorly,  by  distention  of  the 
rectum  with  gas,  by  the  traction  of  adhesions  and  by  abnormal 
conditions  of  the  uterus  itself,  causing  a  loss  of  tone  in  the  walls. 
The  grade  of  anteflexiou  varies  greatly.  Among  the  efleets  of 
this  condition  is  interference  with  the  discharge  of  menstrual 
blood,  with  consequent  accumulation  and  intense  dysmenorrhea, 

Anteversioili  or  the  tilting  fonvanl  of  the  uterus  without 
al)nr>rrual  angulation,  occurs  under  similar  conditions,  but  is  less 
imi>ortant. 

Retroflexion  of  the  uterus  occurs  in  eases  in  which  the  walls 
of  the  uterus  are  abnormally  soft  and  have  lost  tlieir  tone.  It 
may  be  caused  by  the  pressun'  of  tumors  or  the  tniction  of  adhe- 
sions. Sometimes  it  is  due  to  halVitual  t^onstipation,  causing  pressure 
of  masses  in  the  rectum  u{k*u  the  lower  ]>art  of  the  uterus  {cervix) ; 
retroversion  and  sul>secjncntly  retroHcxion  are  producetl.  Laxness 
of  the  vaginal  walls  an<l  rupture  of  the  perineum  may  (*ause  this 
or  (vther  abnormal  positions  of  the  uterus  by  depriving  the  organ 
of  its  support  from  below  and  sul>jeeting  it  Ut  the  unresisted  press- 
ure of  the  abclonunal  viscera,  ^fhe  degree  of  retroflexion  varies 
from  slight  angulation  in  a  complete  backward  doubling  of  the 
organ.  The  fundus  may  undergo  considerable  congestion  frt>m 
the  interference  with  cireuhition,  and  it  is  not  ran^y  enlarged. 
Adhesions  between  the  uterus  and  rectum  are  frequent. 

I^ateral  displacetnents  of  the  uterus  are  rare. 

Upward  dislocation  may  be  caused  by  pressure  of  tumors 
in  the  pelvis  ;  it  may  be  due  to  the  t  met  ion  of  adhesions  between 
the  uterus  and  large  tiunors  of  the  ovary.  In  such  cases  the 
uterus  may  be  greatly  stretched  and  the  viigina  may  be  similarly 
affected . 

Prolapse  of  the  uterus  is  a  term  applied  to  descent  or 
downwartl  displacement.     It  is  {>ossible  to  distinguish  any  num- 
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mmmp^ttii  pnMept^^  jl  w^mlrsl  -lie  i»  mzi  is^  siil  -vrmin.  ^^ 
and  •'^miM?  pmtttvM^^  jl  -wrsuaL  x  jDiiers-  :iiiniiiE!L  ibe  ^nriaL 
Th&  smsfts  if  pEniaoei^  if  "iifr  hezte-  xp^  nmntaniiE:.  Ibjimaer  »- 
die  perineal  rbmr  jni t  ihiiihwi  jasiiy  tf  die  T^isqiaL  -wailfr  ^k-  ^tt 
Vt^pa^oR  \i  "Sie  iiKn»  jbkk:  -vsj  imoMraniL     TsanuQaiL  jb£  «s- 

n!M74»  pr»Si9U3»   ima  ^be  TOPrVr  3T>ni  lie  lIHOtllllBL  mi^  -aOHKr  'it- 

!««Knc  'if  :ae  lesui.  ••sq^MBilj  ir  iasiiy  if  -ae  itgimyggf  mai?-  (Hilmju 
r»iM«^  Kniitrggneac  if  die  iiE3n6>  JS#!if  niaiv  le  -ae  raoat  if  pm- 
ja^fle.  lOft  in  lan-  aHft  -sie  \nsBL  'veaaibT  b^fTtimts  -siiiKs^tt 
tile  pcniaoM^.  in  •fiaw^fuieoee  if  imasrr^  •9uiis>!<ciiii^  T!ie  iKrvix  i 
2»iKxail7  tir^TTM  ^nmew^iflc  laeirvac^  imi  die  nmrHB  : 

T<»QMv    Tbe  •arrirj  rniii^  le  ULett  irssL  ^tintaiiecw  ie  31iii:«hb  ^ 

la  «Hiie  ixiiffiiiief>»  tf  JDWRnc  •^mnoiiffe  ppjAapiHf  die  Tii^fcf  ^ 

the  WB0Xist  aia^  le  ^nc  Isce  '^&puii;i>tL  die  r:^»c  fie^sviaic  *Bf  ifar  •» 

com  a&  «nefl.  jaHi&»ne«^  lenmr  <cne  :ii^  Urpm  ^  lu/iiirr  -^nt^vow  ^  Ar 

PMfiMi  li jyynifyfL  ^if  'h^.  ^Kmis^ 

Ift  ak^  'taM^ft  of  pv^Japiie  s&e  moflr^ir  jmt  p*^«D^jr  walk  <if  ife 


?>.-   ■>/.  -  ' /..v-;!**?-*:  pr.lAji^ 


vajnf»A  ^r*:  'lifpla^r/-il  downwarl  mone  or  !♦-<.-.  an*!  ?«>metimes  may 
Ur  routfAt'l/'W  ('.wt'Ttt-^l.  Th^'  ant*^rii»r  vaginal  pn»Iap?e  may  draw 
with  it  th#!  if^r^tf-nor  wall  of  tli^*  MaiM»  r,  aiul  rv^o^ytle  revolts. 
Hifnilarly  tJi^r  [Kf-t^  rior  vaginal  wall  may  ilra^r  «io\^Ti  the  anterior 
wall  ofthf:  rwrturn,  awJ  rectoeele  i=  prorJueeiJ  (Fig.  306). 
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Inversioil  of  the  uterus  is  a  comlitiim  in  whioh  the  or^n 
IB  turned  inside  out  to  a  gix'ater  or  less  extent.  TIjis  eonditinn  is 
caused  by  traction  upon  the  placenta  during  labor,  when  it  is 
acutely  *leve]opeil  ;  ur  by  tlie  similar  traction  id'  [M>Iyjwid  sub- 
mucous tuniurs,  vvlien  it  is  more  sh>wly  formed  (Fig.  307).     Tliere 


Fro.  307  -  l'!bn>Jrl  polyp,  ftrodueing  jMirtJal  ijivereion  r>r  the  uterus  (Penrose). 

may  he  only  a  slight  inversion  of  the  fundue,  or  the  organ  uiay  be 

completely  in v*'rted  and  may  present  itself  through  the  vagina  and 
vulva.  Seeomhiry  cfjanges  are  apt  to  oritur  in  such  eases.  Tbc^ 
mucooB  mfMTd»rani'  sutfVrs  eatarrlial  iiitiaiuiiiaticm  witli  ulceration; 
and  the  entin;  uterus,  tliougli  at  tirst  perluips  enlarged  by  conges- 
tion, subsequently  atrophies, 

STENOSIS,  DILATATION,  AND  RUPTURE, 

Stenosis  ^d'  the  uterine  cavity  nuiy  iK-cur  as  a  congenital  con- 
dition, or  may  be  acquired  in  cases  in  which  inflammation  has 
led  to  cicatricial  stricture.  There  maybe  almost  complete  obliter- 
ation of  the  extrruid  or  int<Tnal  os  uteri. 

Dilatatiou  of  the  ca\'ity  of  tlie  uterus  is  a  not  infrec|uent 
result  of  stenosis.  The  dilati-d  t-ivity  may  be  filh^l  with  nuicus 
or  senjmucous  seeretif>n  fn>in  tlic  nujcuus  mcmbnine  (hifdnjnieira), 
or  with  accumulations  of  menstrual  lilfKxl  (hemaiometra). 
Occasionally  in  caaes  of  hydronietra  secondary  decomposition  of 
the  liquifl  causes  ga&-formation,  and  plu^mmdra  results.  In  cases 
of  hematomctra  toe  amount  of  blootl  in  the  uterine  cavity  may  be 
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Terr  oMisid^rable.  and  in  some  iiisiauiccs  raptme  of  the  inll  of  the 
uterus  b  the  re-alt.  This  but  be  simply  due  to  the  incrcasii^ 
preamre,  or  it  may  revolt  fiiom  infl«mmati«>n  or  ulcentioD  at  the 
point  of  steiKisis. 

Rupillie  of  the  utenis  may  occur  daring  preenancy  or  labor ; 
and  occasionally  at  other  times  in  consequence  of  inflammatioiis, 
ahscesB?.  ^softened  tomoR.  and  the  like.  The  m^^et  fineqnent  and 
serious  consequence  of  ruptuie  is  peritonitis.  Occasionally,  when 
mptare  has  occarred  daring  pregnancy,  the  tetas  may  be  enelc^sed 
in  a  sac  formed  by  circamscribed  peritonitis :  the  niptare  may  at 
the  *9ame  time  hcaL  Sabseqnently  the  fetos  may  be  disorganized 
and  dUcharge  through  the  abdominal  wall.  This  is  a  very  unusual 
termination. 

Laceration  of  the  cervix  uteri  is  a  verv  common  accident  of  labor. 


aRCULATORY  DISTURBANCES. 

Hyperemia  of  the  oterus  is  a  physiologic  condition  daring 
menstruation,  and  occurs  in  all  forms  of  acute  inflammation  of  the 
organ.  There  is  no  essential  difference  between  menstrual  hyper- 
emia and  that  of  pathologic  conditions. 

Menatmatkm. — Examination  of  the  mucous  membrane  during 
the  period  shows  swelling  of  the  merabnuie,  with  multiplication 
of  the  interglandular  cells  and  dilatation  of  the  lymphatic  chan- 
nels. The  uterine  glands  are  elongated  and  the  cells  more  or  less 
swollen.  Congestion  is  always  conspicuous,  and  the  superdcial 
epithelial  cells  are  desc^uamated  more  or  less  considerably.  In 
the   inter\al    l>etween   the   periods    rewneration  of  the   mucoas 

membrane  takes  place.  The  term  </y*- 
menorrhea  membninncai  is  applied  to 
abnormal  menstruation  in  which  mem- 
branous formation^  are  disohanred  from 
th<*  uterus  (Fiir.  -30^)  and  in  which  there 
is  .s<.»vere  pain.  Tlit*  menil)ranc^  consist 
of  intact  j>»rtions  of  <les4]iiamatetl  cells 
more  or  less  tleir^'uerattMl.  Cases  of  this 
character  an»  parti^Milarly  prone  to  occur 
when  chronic  inHainmatirms  of  the  mu- 
cosa have  existed,  ami  the  affection  is 
then  termed  rudouir^nfi^  rxfolinfiro. 

Passive  hyperemia  of  the  uterus 
0(»curs  in  couditi(Hi<  of  iriMieral  venous 
stasis,  but  es|X'<*ially  when  dislocations 
of  the  uterus  cans**  pressun*  U[>on  the 
venous  plexuses.  The  or^an  is  enlarged, 
the  veins  in  the  sen)us  surface  an* 
prominent,  tlu-  mupous  membrane  is  dark  red,  and  when  the  con- 
gestion is  long  continued  chnmic  endometritis  may  result. 


Viu.       rvi*«  — M»;iii^rarie 
menorrhca  /iVnr«^A«-r. 
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Hetnorrhag'es  may  occur  into  the  uterine  lavity,  into  the  wall 

of  the  uterus,  or  into  the  peritoueura  outs^ide  the  uterus.  Hemor- 
rhages during  luouiitruutiuii  iinil  in  labor  ure  physir^togie  forms. 
Pathologic  increase  of  n*ent?tninl  ijemorrhage  ts  s^poken  of  as 
menorrharpa,  which  may  occur  in  certain  general  disensch^,  such  ti^ 
anemia,  or  in  consequence  of  local  comlitions,  notably  tumors. 
Intense  congestion  of  the  organ  from  cardiac  disease  or  fVom  mal- 
positions of  the  uterus  may  also  lead  to  hemorrhages  <lnring  the 
menstruiil  period.  Hemorrhages  between  the  menstrual  periiids 
are  spoken  of  as  mdrorrhafpft.  This  may  be  caused  by  g<'n(*ral 
condition's,  such  as  the  hemorrhagic  di^^eases,  and  inli>etions  {smun- 
pox,  etc.) ;  but  it  is  especiaUy  frequent  as  a  result  of  local  tliseases, 
of  w^hich  fibroid  tumors  are  the  most  impfjrtaut. 

Hemorrhages  into  the  snbsfcince  of  the  utenis  are  rare,  and  are 
generally  due  to  traumatism. 

Hemorrhages  into  the  peritoneal  cavities  or  into  the  celhdar 
tissues  in  ttie  vicinity  of  the  uterus  are  more  frequent.  Of  the 
intra  peritonea!  hemorrhages  the  most  frequent  is  accumulation  of 
blooci  in  Douglas's  pouch  {rdro-uterhw  hematocele).  The  bloml  in 
this  case  may  come  from  various  sources,  such  as  ruptund  ovarian 
follicles,  ruptured  tubes  in  tubal  pregnancy,  hematosidpinx,  t>r 
rupture  of  varicose  veins  in  the  l>r<jad  bgauu^ixt.  The  blood  may 
l)ecome  absiirl>«l  without  causing  utiicr  puthologic  results,  nr  it 
may  set  uj)  iurtammation  and  result  in  adljesious  between  tljc 
uterus  and  rectum.  Not  nirely  ]>erfbration  Avitli  discharge  of 
the  blood  thr^mgh  the  rectum  or  vagina  m'tnirs. 

Flemorrhages  into  the  vesi co-uterine  pouch  and  hematoma 
between  the  layers  of  the  broad  ligament  are  rare* 

INFLAMMATIOfMS. 

Inflammation  may  affect  the  mucous  menibrane  of  the  uterus, 
when  t!ie  term  ejufometrills  is  npplird,  or  the  wall  of  the  uterus, 
when  it  is  termed  utetniiK  The  nsimcs  perimffrilii^,  indicating 
inflammation  ai'  the  peritoneal  covering  of  the  uterus,  and  para- 
meiriiwj  inflanuTiatiuu  of  the  cellular  tissues  in  the  vieinity  of  the 
uterus,  are  uruirtressary,  as  these  conditions  are  sinqjiy  forms  of 
local  peritonitis.  For  puqioses  of  convenience  the  inflammations 
of  the  uterus  occurring  during  the  |)uerperium  will  be  separately 
considerwl.  Some  of  the  conclitions  here  ileseril>eil  as  inflamma- 
tory are  not  positively  of  sueh  nature,  though  no  sharp  line  of 
division  can  be  drawn  between  (he  inflammatory  and  the  hyper- 
plastic forms. 

Acute  catarrhal  endometritis  may  result  from  traumn* 
tism,  or  from  infection  witii  pyogenic  organisms  or  gonococci. 
Ocx^sionally  it  ocenrs  as  a  complication  of  genend  infectious 
diseases,  sueh  as  typhoid  fever  and  chok^ra.  The  mucous  mem- 
brane is  swollen  and  intensely  hyperemic  ;  very  often  small  hemor- 
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riiigrn  ate  uhsen-ed.  DesquaraalifiD  of  Ibe  ephbelial  cell%  with 
mooopaiiiteot  secretion,  causes  csooaidefmble  dbcluifge*  In  most 
cttes  the  body  of  the  ut<^niB  \&  aflTected,  bat  ia  the  gc^Dorrbeal  form 
the  eervicad  portioQ  is  the  mu^  fr&qaent  seat.  Yen-  intextse  fonxts 
may  f>cca.^ioEi  oeeroeis  of  the  epithelial  eelk  and  the  fomiatioQ  of 
paeadamembraiioiis  deposits.  This  is  particularly  fr^aeot  in  the 
in&clioiis  diseases. 

Chronic  endometritis  may  he  the  contiDuation  of  acute 
endotiU'tnti^,  ami  \^  t^pecbdly  apt  to  occur  in  penwns  of  reduced 
vitality,  such  as  scrofoloos  or  chlorotic  women^  or  in  those  in 
whom  the  circalation  is  sluggish.  The  influence  of  passive  eoii- 
gefltkm  has  already  been  referred  to.  Ven^  often  the  etiology  is 
•'Utirely  obscure. 

The  mua>us  membrane  in  the  earlier  stages  is  simply  swollen, 
and  produces  abuniJant  mucopurulent  secretion.  Later,  hyper- 
plastic changes  occur,  the  hyperplasia  affecting  either  the  uterine 
glands  or  the  interstitial  tissue.  The  terms  endometritis  gland^f-^ 
Inrit^  and  endofaeiritU  interaiilifilis  have  been  applied  to  distinguish 
these  varietieii.  In  the  former,  microscopic  examination  .shows  an 
abuudauce  of  pruliferated  glandular  acini  extending  through  the 
depth  of  the  mucou^i  membrane  (Fig.  309V     In  the  latter  the 


Kta.  300.— <JUudulAr  endumetritii.. 

glands  are  less  conRpictious,  but  round-cell  infiUration  and  abun* 
dant  conneetive-ti*i8iK*  hyperplasia  between  the  glands  are  con- 
Hpiruous  featun'H  (Fig.  310).  In  s^rirne  of  the  cas4»?,  jKirtieuIarly 
in  those  of  the  glantlidar  form,  the  pnwess  seems  more  chjsely 
allied  to  tumor-formation  than  to  iTtflammation  ;  and  it  is  very 
difficult  to  draw  a  j*liarp  line  between  some  torraj^  of  adenoma 
and  tsarcoma  of  the  mucous  membrane  on  the  one  hand,  ttv  chronic 
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inflammations  on  the  other  hand.    Tht»  mucous  membrane  niav  in 


Fia.  810,— Interetriijil  enilomttrHia. 


the  advaneed  ^ta^reB  be  considerably  swollen  and  projeet  in  a  poly- 
poid form  (Fig.  31 1 ).  Latei\  atnipliy  may  takf  thr  )>lar(^  of  liyper- 
tnjphy,  and  in  -some  iaslancen  the  linin^i;  cpitlmlial  cells  change 


Fi«!.  31L— PolypolO  eudiinietritiF  (Pt'iirrwt 

their  charaeter  from  the  typical  cohimnar  cells  to  a  distinct 
sqimmont;  tyjM?.  The  small  ^hmds  of  the  membrane  may  be 
obtstrocted  at  their  months  and  cystic  distentiim  may  result.  This 
is  particidariy  i-onspieuons  in  the  ciLse  of  tlu^  Nabothian  glands  of 
the  cervix\  and  retention-eysts  of  these  glaiuls  may  reach  the  ^ize 
of  a  pea  or  a  small  cherry.  ()ccasit*naliy  erosions  or  slight  nicer* 
ations  are  met  with  in  easas  of  chrt>nic  endometritis. 
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Chronic  endometritis  of  the  cetrir  is  frequently  seeondaiy  to 
inflaniniations  of  the  vagina,  and  may  be  due  to  gijnorrheal  infec- 
tion or  other  eauues.  The  muwjiis  membrane  of  the  cervical  canal 
is  greatly  thickened,  and  may  project  from  the  os  uteri  (ectro* 
pium).  Retention-cysts  of  the  Nahothian  glands  are  sometimes  a 
conspicuous  feature  ;  and  cy??tic  mucous  j>r»Iyps  are  not  unustiaU 

Chronic  endotuetritis  may  leail  to  chronic  metritis,  or  by  exten- 
sion may  occasion  tubal  disease,  Clinii»ally  it  is  characterized  by 
more  or  less  constant  mueopurulent  discharge. 

Erosions  of  the  uteruB  are  especially  frequent  in  the  cervix ; 
they  result  from  endometritis.  The  mucosa  witliiu  the  cervical 
canal  uudon^<K's  hyix'qjiastie  chants  and  projects  from  the  09 
uteri  in  a  jH»ly|X)id  form.  Between  the  j>apillt>matous  projections 
cystic  formations  may  develop,  and  these  may  rupture,  leaving 
exposed  ulcerations.  Granulation-tissue  is  develojMxl  from  the 
submucosa,  and  scmietimes  this  becomes  exuberant  in  character. 


Plo,  R12.— lA*n  Iiiteral  lutieratlon  of  0>  «  - ta  ]\,  wiUi  i  r..^jnn  (FenroM). 


The  term  "erosion**  is  alt^o  applied  to  areas  in  whieh  the  normal 
squamous  epithelium  of  the  cervix  has  Uecome  eou verted  into 
cyliudricaK  or  in  Avhich  the  cyliudrieal  epithelluni  o^  the  boily  of 
the  uterus  has  extended  downward  to  the  cervix.  Other  erosions 
are  due  to  laeoratinn  of  the  cervix  (Fig,  312);  and  occasionally 
congenital  erosion  has  been  observed, 

Pbagredenic  ulceration  of  the  cervix  has  been  described  as  an 
independent  disease,  Sfvme  of  the  cases  an^  undoubtedly  instances 
of  ulcerating  carcinoma  ;  in  otiier  cases  uh derations  in  this  situa- 
tion have  bc>en  met  w^ith  in  which  microscopic  examination  shovveil 
no  evidence  of  can'innmatiHis  tissue. 

Acute  metritis  is  rarely  met  with,  exeept  during  the  puer- 
perium,  but  may  be  the  result  of  a^inite  endometritis.     The  wall 
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of  the  uterus  becomes  thickened,  soft,  and  edematous.    Occasionally 
punilont  iufiltmtion  is  oI>serve<i. 

Chroidc  metritis  fretiini'ntly  occurs  iu  tlie  puerpcriuni  as  n 
result  of  retartlecl  iu%'o!ution  of  the  uterus.  It  may  be  occasioucfl 
by  chronie  congestion  of  the  n terns,  or  may  be  secijudary  to  chronic 
endonietritis.  The  uterine  wall  Ls  intiltnited  with  ruund  eel  Is, 
and  the  connective  tis^^ues  nnderj^o  active  !iyf>erphisia,  which  in 
the  Iat<*r  Bta^es  leads  to  great  tliiekening  and  indnration.  IViinei- 
dently  there  is  usually  some  hypertropliy  (d'the  nnisenlar  elements 
them&elves.  It  is  by  no  means  certain  that  all  tif  tlie  cases 
grouped  under  this  term  are  inflammatory  in  nature.  Sonic^  an^ 
certainly  more  closely  allied  with  diffuse  tiimor-iV*rmati*>n,  The 
mucous  menil>rane  is  nsuidly  thiekeriedj  and  beeonu-s  seenndarily 
invohed  if  it  was  not  jtnniarily  diseased.  The  fMTitoneal  envcr- 
ing  may  be  similarly  all'eeted,  and  chronic  perimetritis  with  adhe- 
sions of  the  uterus  results. 


INFECTIOUS  DISEASES, 

Puerperal  Infections. — Tiiis  tc  rm  may  he  ap]>lied  to  vari- 
ous forms  of  infection  oi-enrritiij:  during**  tlie  pnerperium^  but  in 
the  majority  of  instanees  the  streptocoeeus  is  the  si>ei"itic  organ- 
ism. 

Etiology. — Two  inijMirtant  factors  are  enueerned :  (ft)  injuries 
to  the  surlace  of  tlu'  uterus,  vagina,  or  vulva  ;  and  (b)  s«ane  form 
of  infeeticm.  The  tnore  or  less  denuded  surJiiee  of  the  lUtrus  of- 
fers a  ready  entrance  to  mien wjr«xan isms,  as  well  as  an  absorptive 
surface  for  soluble  ptjisons  prmhieed  by  miero-orj^anisnial  deeom- 
pjsition  witliin  the  uterus ;  and  infection  may  take  place  witliout 
any  fnrther  injorv'  ttian  that  cxieasiourd  by  the  nonnal  jvnw'esses 
of  labor.  In  most  instances,  however,  there  is  actual  iuinry  either 
of  the  surface  of  the  uterns,  cervix,  va^iun,  or  vulva,  antl  the 
miero-nrt^.uu'sms  or  p(»is(>ns  are  admitted  tln^uugh  these  wuiiudsr 
There  may  be  primarily,  however,  mr»re  tliau  a  sim[de  injury  of 
the  mucous  surfaec.  In  eonseqiienee  of  proltaiged  jtressnrc  nc- 
erotic  lesions  terminating  in  gangrcuf  may  first  he  estalilished^ 
au<l  from  tfiis  secondary  infections  may  take  place.  In  nisrs  in 
which  infection  oeeurs  without  injury  Ui  thr  walls,  as  well  :is  in 
(Mtses  in  which  injury  has  been  sustained,  the  pathooenie  organisms 
may  first  find  a  h>dgement  and  multiply  within  the  blcKMl-clots  iir 
retained  secnndines  within  the  uterus  ;  ami  the  organisms  or  their 
toxle  products  are  seeonilnrily  a<lnn'tted  to  the  ut4?rine  tissues. 

Puerperal  itdeetion  is  j)robably  in  most  <vas{'s  the  result  of  the 
entrance  of  miiTrnorganisms  from  without,  and  may  be  traced  to 
want  of  t;h'anliness  on  the  part  of  tlie  aceoueheur  ttr  the  surrmmd- 
ings.  SoDietimes  widespread  epidemies  have  lieen  caused  l>y  the 
carelessness  of  a  single  obstetrician,  whose  hands  perhaps  had  be- 
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oome  iof€ct€«l  fn>in  operating  upon  or  examining  cases  of  erysipdaa^ 
gemrral  pvemia,  or  the  like. 

AnKing  the  micnj-orgsinisms,  as  has  already  been  stated,  the 
Streptococcus  pyogenes  is  most  important.  Staphylococci  of  vari- 
«ms  !9ortft,  Ijacilli  reaemblii^  the  B^Mrillus  coli  cummonis,  the  bacil- 
lus of  tetanus,  gonococci,  and  other  organisms  occasionally  infect 
the  puerperal  utenL>  but  in  these  instances  the  pathologic  condi- 
tions are  different  from  those  met  with  in  ordinary  puerperal  infec- 
tion,  which  may  be  considered  as  practically  always  a  streptococcic 
infection. 

Pathologic  Anatomy. — In  most  instances  there  is  primarily  a 
lesion  upon  the  mocons  surfiice  of  either  the  uterus,  the  vagina,  or 
the  \^lva.  The  nature  and  extent  of  this  depend  upon  the  amount 
of  injurk'  occasioned  during  labor.  In  some  instances  the  lesion  is 
trivial  in  extent,  and  remains  so,  though  widespread  infection  re- 
sults from  it.  In  most  cases,  however,  there  is  a  rapidly  spread- 
ing inflammation  of  the  endometrium  or  mucosa  of  the  vagina,  and 
pseudomembranous  deposits  are  very  frequently  met  with  upon 
the  sur&ce.  Necrotic  and  gangrenous  changes  in  the  mucous 
membrane  are  most  pronounced  in  cases  in  which  prolonged  press- 
ure has  been  exerted  by  the  head  in  its  descent  or  by  instruments. 

The  extension  of  the  infection  may  occur  in  two  ways,  either 
through  the  bUxxl-vessels  or  through  the  lymphatic  channels ;  and 
the  liK^al  and  general  lesioas  vary  correspi>ndingly. 

In  ca??es  in  which  the  infection  sprea«ls  along  the  blood-vessels 
there  may  l>e  primarily  septic  softening  of  the  thrombi  within  the 
uterus  and  purulent  phlebitis  of  the  venous  channek  at  the  pla- 
cental >ite.  Thrombosis  extends  from  this  situation  through  the 
vein<  to  the  various  plexuses  in  the  vicinity,  and  infected  emboli 
arci  rarriffil  through  the  circulation  t4>  distant  organs,  such  as  the 
liin^s,  the  kiilnfvs,  and  the  spleen.  Mrtastatic  abscesses  and  in- 
flammatory <wc*lling  of  the  atfeoted  ortrans  nsult.  The  kidneys 
in  [)arti<-nlar  are  often  the  seat  of  nunuToiis  punctate  or  miliary 
ab?K.''*s.s<*.s. 

In  the  cases  in  which  extension  o<xMirs  alon^  the  lymphatic 
channels  the  uterus  is  enlarged,  soft,  and  often  pultaeeous.  Streaks 
or  lines  of  light  color  may  he  observed  nuniing  fn>ni  the  mucous 
surface  toward  the  periphery'.  These  represent  the  lymphatic 
vessels  (illed  with  purulent  exudate.  The  walls  of  the  lympnatics 
may  be  penetnited,  and  |x»rilyniphangitie  abscesses  are  thus  occa- 
flionffd.  When  the  pnK'css  has  extended  to  the  lymphatics  in  the 
outer  layers  of  the  uterus  phlegmonous  inflammation  of  the  sub- 
peritoneal tissues  (parametritis)  results,  and  finally  the  peritoneum 
itself  may  be  involved. 

The  spleen  is  enlarged,  though  less  decidedly  than  in  the  form 
in  which  infection  occurs  through  the  blocxl-vessels. 

Extension  along  the  mucous  membrane  itself  may  lead  to  asso- 
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ciatecl  *lJf^«^ase  of  the  titlM's  ;  niurr  t'n<|ii('ntiy  tlie  tnbeti  aro  invatlcHl 
at  their  ahdoniinal  end  after 
peritcjnitih  lias  dt  vehjjK^d, 

Puerperal  csepsiri  is  pecti- 
liarly  virulent  aud  rapid  in 
its  course,  and  may  (^eeasiou 
widei^pread  changes  in  all  of 
the  tissues  of  tlie  IhmIw 

Tuberculosis. — Tuher- 
culosi.s  of  the  uterus  is  most 
frecjueotly  met  with  in  the 
mueoiKs  memhrcine,  t\m\  m 
iiHually  8e<;omlary  to  disease 
of  the  tuhes.  Direct  injec- 
tion may  possibly  occur 
through  coitus  ;  hut  is  cer- 
tainly rare.  The  disease 
oecnrs  in  the  form  of  a 
nodular  or  d if! use  intiltra- 
ti<in  with  a  tendency  to  rapid 
ulceration  oreaseous  necrosis 
involvinif  the  mucous  uicm- 
brane  and  to  some  extt^nt  the  submueosa.  The  entire  cavity  of 
the  uterus  may  be  covered  with  (caseous  and  uecrc)tic  dejx^site 


Fl^.  313.— DJff^ist*  titTxTCiilnslB  ( ill c»»? rati ve  &d(! 
ras(?f*us)  of  the  fndciraetrium  (Kaufmunti). 


•^Vlli/«S?. 


A 


Fio.  SM.'-MlUftiT  tDberc'iitoalB  of  the  vnducnctrium  mid  Klaiidiilar  endcmctritii  (Beyes). 

(Fi^.  313)>     In  the  later  stage's  the  jinK-ess  may  extend   deeply, 
even   involving  the  muscular  layer  of  the   organ.     The  cervix 
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18  rarely  attacked.     Sometimes  miliary  tubercles  are  found  in  the 
uterine  mucosa  without  marked  degeneration  (Fig.  314). 

S3rpllili8  of  the  cer\'ix  uteri  may  occur  in  the  form  of  a  chan- 
cre, or  as  tertiarj'  infiltration. 

ATROPHY  AND  DEGENERATIONS. 

Puerperal  Atrophy. — The  uterus  suifers  a  most  remarkable 
atrophy  following  labor.  This  proceeds  ver\'  rapidly  at  first,  and 
then  more  slowly ;  and  under  favorable  conditions  the  organ  re- 
sumes its  previous  condition  in  the  course  of  a  few  months.  The 
muscular  fibers  decrease  progressively,  from  their  previous  hyper- 
trophied  condition,  in  which  they  frequently  attain  a  length  and 
diameter  three  times  the  normal,  until,  at  tlie  end  of  involution, 
the  usual  size  and  appearances  are  attained.  Many  muscle-fibers 
undoubtedly  are  destroyed.  The  process  of  involution  is  really 
one  of  fatty  degeneration. 

Senile  Atrophy. — The  uteras  undergoes  progressive  atrophy 
at  and  after  the  period  of  the  menopause,  and  finally  becomes 
greatly  reduced  in  size.  The  substance  of  the  organ  may  undergo 
a  progressive  sclerosis,  or  in  other  instances  becomes  softer  than 
normal.  Catarrhal  endometritis  is  often  associated,  and  the  co- 
lumnar cells  are  sometimes  converted  into  squamous  epithelium. 

Patty  degeneration,  independent  of  that  which  occurs  dur- 
ing puerperal  involution,  is  a  rare  condition,  but  may  occur  in  the 
cx)urse  of  certiiin  infectious  diseases,  such  as  typhoid  fever,  or  may 
result  from  the  action  of  the  parenchyma-poisons. 

Amyloid  degeneration  is  rare  and  unimportant. 

HYPERTROPHY  AND  HYPERPLASIA. 

Hypertrophy  of  the  entire  uterus  may  occur  in  association 
with  inflammation  or  metritis,  or  may  result  from  chronic  conges- 
tion of  the  or^dn.  The  enlargement  in  cases  usually  designated  as 
hy{)ertrophie(l  is,  for  the  most  part,  due  to  new-formed  connective 
tissue.  True  liypertrophy  occurs  as  a  pliysioloii^ic  process  during 
])regnancy.  In  this  variety  the  muscle-fibers  increase  enormously 
in  size,  and  doubtless  also  multiply  tlieir  number.  The  blood-ves- 
sels and  connective  tissues  underjro  corresponding  liv]3ertrophy. 

Hypertrophy  of  the  cervix  uteri  is  occasionally  met  with 
indep<*ndent  of  hypertrophy  of  the  uterus  as  a  wliole.  It  may  be 
caused  by  chronic  irritations  of  the  cervix,  as  in  cervical  endome- 
tritis, or  may  result  from  obscure  causes.  Frequently  it  is  met 
with  in  prolapse  of  th(»  uterus,  and  sometimes  it  may  cause  a 
simulation  of  ])rolapse. 

Hyperplasia  of  the  mucous  membrane  of  the  uterus  has 
been  referr(*(l   to   in  the  discussion  of  chronic  endometritis.     In 


some  infttaiift'S  t!iat  are  dertignatiHl  a.^  oodoiinetnti!^  the  path(»lo]£i^ic 
prtwcss  seems  to  })e  mtlier  of  a  purely  hyperplastic  ehanicter,  and 
more  closely  alliefl  to  tunior-fbrmation  than  to  ordinary  iiiHam- 
mation.  In  the^e  eanei^i  the  mueons  nienihrane  in  all  part8  of  the 
uterus  may  lie  trreatly  thicken eii,  and  may  suifer  nmre  or  lej^ss 
papillomatous  tnin*; format inu,  Sometime.s  limiterl  portions  are 
atfbcteil,  and  polype nd  ft^rmations  result. 

Polyps  of  tlie  uterns  may  be  of  various  sorts.  Very  com- 
monly tluy  present  themselves  aw  simple  muet^us  polyps,  due  to 
projeetion  of  parts  of  the  mui-ons  uiernlmine  ;  in  other  eases  see- 
oudary  changes,  sucii  as  ^-avenious  dilatsitiiai  of  the  hlood- vessels 
or  eystic  tmusforruution  of  the  small  ^d;md.s  rc^ufained  in  the  polyp, 
CK'casion  marked  variations  from  tlie  tirii^iiial  appenninei-s.  Myo- 
fibromata,  sarcomata,  and  other  Jorms  ut  tmnors  tirigiuating  in  the 
mucous  membrane  or  just  beneath  it  may  assume  a  polypoid 
appearance. 

TUMORS. 

I/eiomyoma;  Myofibroma;  Fibroid. — ^The  tumors  of  the 
uterus  designated  by  these  terms  are  in  n curly  all  eases  eiunjHiscd 
of  Bmcx>tti  nmside-jihcrs  and  tibnais  i issue  ;  and  from  the  patho- 
logic standpftint  the  term  myofibroma  is  therefore  most  applicable. 
They  present  themselves  in  the  form  of  rounded  and  usually  well- 
eireuniscribefl  masses,  from  the  size  of  a  gnipe-st^ed  to  tluit  of 
tumors  weighing  forty  or  titty  pounds.  They  are  generally  mul- 
tiple ;  are  very  hard  ;  ami  on  section  have  tlie  appearance  of  eon- 
centric  or  irn^gular  lamellse.  Microscopically  the  tumor  is  com- 
|K>sed  of  smooth  miisi'h^-filiers  and  of  fibrous  tissue  iirmnged  in 
bundles  or  layers  running  in  various  direetiijus.  The  muscle- 
fibers  are  fret|Uently  tV>und  arranged  eoneentrieally  alxnit  snnill 
IdcMid- vessels,  and  irj  st*nu^  instances  the  vessels  are  telangiectatic 

Seeonclary  changes  are  very  eonmion,  tlie  m*)st  fretpient  being 
calciiication,  Tliis  may  begin  either  hi  the  center  or  at  the 
j>eripher}',  hut  nmre  commonly  it  is  diffuse.  Edema  of  the  tumor 
may  cause  it  to  become  epiitc  soft,  and  cystic  transformations  (bie 
to  softening  or  to  distention  of  the  lymphatic  spaces  are  sonu^hmes 
observe^d. 

Several  varieties  iiave  been  distinguished,  acconling  to  the  seat 
of  the  tumors.  In  some  instances  they  are  embcddcil  in  the  wall 
of  the  uterus,  when  the  term  htterMkiirl  or  7nnrfti  fibrortfs  is  npplied 
(Fig*  .31  o).  In  other  castas  they  arise  in  the  uterine  walls  just  beneath 
the  mucous  membrane,  wlien  they  are  called  Huhmvi^ouj^  fibroitU, 
These  may  gradnidly  |>nijeet  into  the  cavity  of  tlie  uterus  as  /?7*roH/ 
polyps.  In  the  thirtl  group  of  cases  the  tmnors  have  a  mdyprrifo- 
ntal  hjcation,  and  may  project  from  the  outer  surface  of  the  uterus 
a8  knobbed  masses  (Fig,  316),  which  may  become  pedunculated. 
In  rare  instances  they  extend  between  the  layers  of  the  broad  liga- 
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ment.     Film>i(l  tumor??  arc  heni^u  in  a  [uitliolot^i*'  t^onse,  but  oora- 
eion  t^erioum  disturljuncuf?  rkher  Uy  pressure  or  h\  the  metrorrhagia 
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Fig.  'tis.— I  liters  titlttl  fibroid  tiinmr  of  the  ulenis:  a  »ma1i  BuhmucouB  fibroid  apptiirs  in 
the  utirSuc  cavity  (f'euroscK 

and  endometritis  t<»  whi«'h  \\wy  frt^t^uently  give  rise.     Suhperitoneal 
fihruids  may  bceonie  iVee  lisidies  in  the  j>eritoneal  euvitw  and  the 


FtQ.  315^— Subpciitoaeai  fibroids  «nd  An  tiitmllKiunentoDfi  ilbrujdof  Uie  utcrui  (r«nro«c;- 


8uhiuueous  form  in  sometimes  diseharged  from  the  uterus  after  a 
ppurioug  labor. 


Sarcoma  of  tlie  nttTU^>  may  arise  from  the  most'uliir  layer  or 
from  the  rn<!nnietrium.  That  arisiii^^  iroin  tlie  nn'oruotriiiTii  h. 
usually  ass(K'iated  with  inyoiHU  and  tihroiiia.  In  some  cases  the 
sareeimatrius  dementia  of  the  tumor  are  develojied  in  a  pre-existing- 
myofihroma.  In  other  eases  (lie  sareoma  ancl  fjlmjma  are  eoiiiei- 
dentally  formed.  These  timiors  dif!<'r  from  typieal  fihroids  in 
being:  niore  rapid  in  t^rowth,  less  well  eireumserihed,  softer,  and 
more  homogeneons  in  apfx^arance.  Scjnietifnes  they  are  situated 
juMt  beneath  the  endometrium^  and  l>ee<jme  converted  into  .mrrom- 

Hareonia  of  the  endmiietriuni  may  (X-eur  in  a  eireumseribed  f^r 
paiulh»niatous  and  in  a  difVnst*  formj  the  lattrr  involving  the  entire 
niueons  membrane  of  the  organ.  The  papillnmatoiis  variety  is 
soft  and  villous  ami  highly  vascular.  In  some  eases  the  structure 
is  that  of  an^nosarcoma.  In  the  diffuse  form  the  entire  cavity  of 
the  uterus  may  be  tilled  with  soft  villous  projectiems  from  tlie 
mucous  mendmuie. 

A  sfK'cial  form  of  san*oma  has  been  described  as  oeenrrin^^  in 
the  vagina!  portion  and  cervix.  In  this  the  tumor  iias  a  grape- 
like  structure,  and  microscopically  consists  of  mvxoniatous  tissue 
with  areas  of  siircomatons  ehanicfcn  It  occurs  in  yonng  persons, 
even  in  childbocML 

Adenoma. — Afb-noma  may  occur  in  the  form  of  polypoid  out- 
growths from  the  nnieous  membrane,  or  as  a  ditl'usi*  process  not 
readily  distinguishable  tirun  that  eommtmly  designated  as  endo- 
metritis glandularis.     Both  of  tlicse  forms  are  benign. 

Malignaiit  adenoma  usually  arises  from  the  corpus  uteri, 
and  presi-nts  itself  as  a  soft,  irregular  elevation  of  the  mucous 
meranrane  in  a  Im-alized  area,  or  iJiffnsely  inv(»lving  a  large  part 
of  the  endometrium.  It  tends  to  sjvrearl  tbroui^b  the  walls  of  the 
uterus,  invailing  the  myometrium  (Fig.  *U7]  ami  tinally  penetrating 
to  the  peritoneal  covering,  where  secomhiry  iifKlules  may  develop. 
Histologically  it  is  eliaracterized  Ity  the  production  of  atypical 
branched  gbmd-acini  with  companitively  little  stroma,  the  latter 
being  of  soil  fibrous  character.  The  tumor  is  malignant  in  its 
tendeney  to  invade  the  wall  of  t!ie  uterus  and  neighboring  struct* 
ures,  and  it  may  become  converted  into  actual  eareinnnui  in  the 
later  stages.  In  such  instauees  the  acini  in  places  show  a  heaping 
of  epithelial  cells  and  a  tendency  to  destruction  of  the  basement- 
membrane,  with  prolifemtion  of  the  cells  in  the  stroma. 

Carcmoma^—C'arcinoma  is  the  most  frequent  of  the  malig- 
nant diseases  of  the  uterus,  anrl  usually  invades  the  cervieal 
portion  ;  moi'c  rarely  it  arises  fronj  the  corpus  uteri.  (_arcino- 
mata  starting  on  the  vaginal  surfaee  of  the  eer\*ix  are  squa- 
mous-<_'elled  epitheliomata  ;  those  originating  in  the  eer\'ical  canal 
and  in   the   eorfjus  uteri   are  tubniar  or  glandular  carcinomata. 

Carcinoma  of  the  portio  vaginalis  nsually   begins  from   the 
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|rr*'t/:ulnrly  u\r**niU'il  HiiHiifM*.     Kxt^n^ion  may  take  place  to  the 
VAi^iiml  walU  aiifl  to  the  tiMsiieis  tsurrounding  the  oer\dx  uterL 


Ulceration  may  estiihlish  communications  between  the  vagina  and 
bladiler  or  reetuni.  Extension  npward  into  the  supravaginal 
lK>i1ions  of  the  cervix  and  to  the  eorpns  uteri  may  occur  ihruugh 
tlie  lympliatic  i^iuinneliSjOr  by  direct  invaftion,  Secondary  involve- 
ment of  the  lymphatic  glands  (if  the  iliac,  lumbar,  uiid  inguinal 
groups  is  fretpient. 

Instead  lA'  I  he  usual  indurateil  and  ulcerating  form,  cervical 
epithelioma  may  present  it&elf  as  a  cauiiflower-growth^that  18,  as 
a  destructive  or  malignant  papilloma-  In  snch  cases  it  is  likely 
that  tlie  growtii  o{\eu  liegius  as  a  papilloma,  causing  irregular 
elevations,  and  that  the  pt  tictnitifui  intu  the  tissue  at  the  ba.se  of 
the  grtiwth  is  a  seeoudary  tlevelopment.  In  the  later  stages  this 
form,  like  the  preeeding,  nndergoes  ulceration.  Botli  varieties, 
but  particularly  the  latter,  frequently  cauj^e  uterine  hemorrhages. 

Carcinoma  of  the  corpus  uteri  and  of  the  cerviciil  canal 
develops  from  the  tubular  and  acinous  glands  of  the  mucous 
membrane.  It  may  begin  as  an  adenomatous  growth,  subi?e- 
cjuently  l>eeoming  transtbrmed  into  carciue»ma.  Mar^roscopically 
the  growth  presents  itself  as  a  villous  or  papillomatous  thickening 
of  the  mucosa,  either  localized  or  difluse  (Figs,  318  and  31  !^>),      In 
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Flo.  319— Cancer  of  the  body  of  the  uteru»:  a  large, single  panceroiis  mxluk  In  the 
nnterinr  wftU  has  been  divided  (Penrcij^i ) 


the  later  stages  conBidemljle  invohTment  of  the  \va!l  of  the  uterus 
occurs  J  and  even  pe  rib  nit  ion  may  taki*  jtlace.  Mieroscf>pically  tlie 
usual  appearances  of  glandular  cancer  or  adenocarcinoma  are 
di.scovered  (Fig.  320). 

Scjuanioiis  epithelioma   is   met  witli   in  rare  instances  in   the 
corpus  uteri,  especially  in  women  of  advanced  years.     The  ex* 
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planation  of  this  growth  is  that  it  arises  from  epithelium  that  has 
iindergoDe  a  chaiigt  I'njm  the  customary  cohimiiar  to  the  squamous 
form,  in  coDseqiieno*  of  chronic  endoraetritis* 


Fio*  320— lalancluiHr  cancer  of  the  ct*rvii  uterJ* 

Cysts.^Small  rvsts  of  tlie  wall  of  the  uterus  may  be  aseo- 
eiated  with  various  forms  of  tumors,  such  as  rayofihromata  ;  and 
a  form  of  adenocystoma,  pmhahly  originating  from  remnants  of 
the  Wolffian  dnct,  has  hcen  described.  Dermoid  cysts  ha%*e  been 
occasionally  obs4.'rvcd* 

PARASITES. 

Echiiiococcus-cystfi  are  sometimes  mot  wuth,and  a  few  cases  of 
supposed  Cysticercus  celhilosre  have  been  «Iescribedj  though  the 
nature  of  the  formations  was  uncertain. 


THE    OVARIES. 

Development    and    Anatomic    Considerations. — Tlie 

ovan^  and  testis  unj  developed  from  a  primary  iudit!erent  sexual 
gland,  whieh  is  indistinguishable  in  the  two  sexes.  This  indifler- 
ent  gland  is  formed  on  the  ventro-mesial  surface  of  the  Wolffian 
body  by  a  localized  thickemng  of  the  mescjthelial  elements.  The 
ovarian  stroma  is  subsequently  formed  by  ingrowths  of  the  sur» 
ffiunding  mesoderm.  The  ovary  consists  of  a  stroma  of  peculiar 
spindle-shaped  connective-tissue  cells.  In  the  eenfral  r>r  medullaiy 
portion  the  tissue  is  highly  vast^nlar  ;  the  peripheral  or  cortical 
part  contains  abundant  Graafian  follicles  in  which  the  ova  are  de- 
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veloped.  These  foil  ides  are  formed  from  primary  tubular  inden- 
tations of  the  cuh<*idal  or  eohimiuir  epitlielium  that  covers  the 
organ.  These  indentations  are  tin*  tiil>e8  of  Pfliiger.  After  fnll 
development  of  the  ovary  they  are  wanting^  the  greater  part  by 
constriction  of  the  dee|»er  portions  liaving  form^-d  primordial 
follicles.  The  paroijphoron,  a  vestigial  struetui'e,  is  the  part  of  tlie 
ovary  at  the  hdum.  It  consists  of  connective  tissue  and  liloixl- 
vessek  with  a  number  of  pa  ml  lei  tnlns  which  are  remnants  of 
the  Woltlian  body.  The  same  tul)idei4  surrounded  by  connective 
tissue  extend  outward  between  the  layers  of  the  broad  ligamf^nt, 
constituting  the  parttvarinm,  8t:>metinic8  pait  of  the  Wolffian 
duct  remains  patulous  and  efjnstitutes  the  duct  of  Gartner.  This 
is  the  homologue  of  the  vas  deferens. 

CONQENITAL  ABNORMALITIES. 

Occaaiooal  absence  of  one  or  both  ovaries  has  been  discovered 
with  olher  devclopniental  defects,  or  indejH'ndently.  ilt/tjopitfsin 
occurs  in  chh»rosis,  and  occasionally  in  ass^x'iation  with  other  con- 
ditions. Si>metimes  mfpenuanerarif  ovaries  have  been  found. 
The  additional  ovaries  may  be  formed  by  division  or  by  sepaiii- 
tion  from  one  ol"  the  ntirmal  glands. 

CHANGES  IN   POSITION. 

More  or  less  extensive  dislocations  of  the  ovaries  may  tM'ciir, 
the  most  notable  being  that  in  whieli  one  of  these  organs  descends 
into  a  hernial  sac,  occupying  either  the  inguinal  or  crural  canal. 
Dislocations  resulting  from  pressure,  adlii-sions,  and  the  like  are 
frequent. 

CIRCULATORY  DISTURBANCES, 

Active  hyperemia,  or  congestion,  umy  be  either  a  phym- 
ologic  or  pathulnirir  r-oiulition.  The  tbrmer  occurs  <lurinjr  the 
menstrual  period,  the  latter  in  association  with  inllanunatitui  of 
the  neifi^hboring  structures  or  in  the  earlier  periods  of  iuHamma* 
tion  of  the  ovaries  tliemselves. 

Passive  congestion  is  met  uith  in  chronic  cardiac  diseases, 
and  as  a  result  of  local  obstructions  to  the  einmlation  Ijy  tumors, 
intlamnuitory  adhesions^  and  the  like. 

Hemorrhage. — Small  hemorrhages  into  the  ovarian  tissue  are 
very  frecpient.  Their  occurn-nce  is  usually  sufficiently  accounted 
for  when  tlie  functional  activity  of  the  organ  is  considered.  At 
each  pcTimlical  ovulation  a  small  follicle  ruptures^  to  <]iseharg'e  the 
contents  containing:  the  ovum,  tTcneraliy  there  is  a  slight  extrav- 
asation of  Idood  at  such  times,  which  is  subsefjucntly  absorlied. 
At  the  sjimc  time  that  the  extravasation  and  absorption  are  taking 
place  the  inner  lining  of  the  follicle  proliferates  somewhat,  aod 
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the  cells  then  undergo  fatty  degeneration.  The  whole  process 
gives  rise  to  a  yellowish  nodular  formation,  termed  the  corpus 
luteum.  Subsequently  this  is  removed  by  absorption  of  the  blood 
and  by  degeneration  and  absorption  of  the  proliferated  cells 
of  the  lining  membrane,  and  a  small  scar  alone  remains.  The 
latter,  especially  when  more  than  usually  fibrous,  is  known  as  the 
corpus  fibrosum.  This  is  commonly  a  little  pigmented,  in  conse- 
quence of  the  pre-existing  extravasation  of  blood.  The  corpus 
luteum,  which  is  developed  from  a  follicle  formed  at  the  time  of 
impregnation  (corpus  luteum  of  pregnancy),  differs  somewhat  in 
character.  The  epithelial  proliferation  is  much  more  active,  and 
the  wall  of  the  follicle  is  intensely  congested.  Rapid  involution 
does  not  tiike  place,  the  follicle  often  persisting  for  considerable 
periods  after  the  termination  of  pregnancy. 

Exceptionally,  considerable  hemorrhages  may  take  place  into 
the  follicles,  and  small  hemorrhagic  cysts  or  cysts  containing 
blood-stained  liquid  may  be  formed. 

INFLAMMATION. 

Inflammation  of  the  ovaries,  or  odphoritis,  is  generally 
a  secondary  condition  resulting  from  an  extension  of  inflammation 
from  the  neighboring  reflections  of  the  peritoneum,  or  from  exten- 
sion of  infective  processes  along  the  Fallopian  tube.  The  exten- 
sion from  the  neighboring  peritoneum,  as  well  as  from  the  uterus, 
may  be  direct — that  is,  along  the  planes  of  tissue  or  through  the 
lymphatic  or  vascular  channels.  Acute  oophoritis  is  not  infre- 
quent in  various  forms  of  general  infection,  such  as  typhoid  fever, 
pneumonia,  influenza,  etc.   Primary  oophoritis  is  probably  very  rare. 

The  ovary  becomes  enlarged,  and  in  the  earlier  shiges  is^  more 
or  less  (jongcsted.  Later  the  tissues  become  yellowish,  either 
uniformly  or  in  scattered  areas.  Finally  the  process  may  termi- 
nate in  necrosis  or  abscess-formation.  Such  ovarian  abscesses 
may  reach  a  considerable  size,  and  break  into  any  of  the  hollow 
viscera  mvAY  by  or  into  the  peritoneal  cavity.  In  more  favorable 
c^scs  there  arc  only  small  collections  of  pus,  and  these  may  subse- 
quently Ix^come  inspissiited.  The  most  sjitisfactory  of  all  termi- 
nations is  in  complete  resolution,  or  in  induration  {chronic 
oophoritis). 

Localized  inflammations  may  sometimes  occur  about  the  folli- 
cles. These  may  terminate  in  follicular  abscesses,  which  either 
discharge  and  lead  to  scar-formation,  or  become  inj^pissated. 

INFECTIOUS   DISEASES. 

Tuberculosis. — Among  the  infectious  diseases  tuberculosis 
alone  is  of  importance.  It  may  arise  as  a  primary  disease  of  the 
ovaries,  but  much  more  frequently  is  secondary  to  inflammation 
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of  the  tubes  or  other  parts  of  the  genital  tract.  It  may  give  rise 
to  the  formation  of  small  or  large  cheesy  masses,  showing  a  ten- 
dency to  softening  with  formation  of  tuberculous  abscesses.  The 
ovanes  may  occasionally  be  the  seat  of  miliary  tuberculosis. 

TUMORS. 

The  ovaries  are  frequent  seats  of  tumors,  both  benign  and 
malignant.     By  far  the  largest  proportion  are  cystic. 

Connective-tissue  Ttunors. — Fibromata  may  occur  as  small 
nodular  growths,  either  single  or  multiple.  In  some  cases  the 
tumors  are  of  considerable  size.  Combinations  of  fibroma  with 
leiomyoma  may  also  be  met  with ;  these  myofibrtmuUa  resemble 
those  of  the  uterus.     Occasionally  ^^'(warcoma  is  encountered. 

Chondroma  is  a  rare  form  of  benign  tumor. 

Sarcoma  may  occur  in  the  form  of  spindle-celled  sarcoma, 
fibrosarcoma,  or  more  rarely  as  round-cell  sarcoma.  It  appears 
as  rounded  tumors  with  more  or  less  pronounced  encapsulation. 
Degenerations,  such  as  myxomatous,  are  not  infreouent,  and  cystic 
change  may  be  occasioned  by  dilatation  of  the  follicles.  In  some 
cases  proliferations  of  the  walls  of  the  follicles  constitute  an  im- 
portant part  of  the  growth.  To  such  cases  the  name  adenosarcoma 
may  be  applied.  Angiosarcomata  and  endotheliomata  have 
occasionally  been  described. 

Cystic  Tumors. — Of  the  cystic  conditions  of  the  ovary  we 
must  distinguish  the  simple  follicular  cysts  and  the  more  important 
myxoid  or  colloid  cystomata  and  dermoid  cysts.  Of  the  cystomata 
there  are  two  varieties — the  papillary  and  the  glandular. 

Follicular  cysts  are  developed  by  distention  of  the  Graafian 
follicles  with  dropsical  liquid.  The  ovary  may  be  considerably 
enlarged  by  cystic  cavities,  lined  with  epithelium  and  containing 
clear  watery  liquid,  or  occasionally  blood-tinged  contents.  Cysts 
of  this  character  are  very  common  in  cases  of  induration  of  the 
ovary  following  oophoritis. 

Colloid  or  Myxoid  Cystomata. — Colloid  or  myxoid  cystomata 
present  themselves  as  tumors  of  small  or  large  size,  having  a 
tendency  to  a  inultilocular  cystic  character.  The  cavities  are  filled 
with  a  more  or  less  gelatinous  or  mucoid  liquid.  Sometimes 
hemorrhage  takes  place,  and  the  contents  are  correspondingly 
altered.  Two  subvarieties  may  be  distinguished :  the  glandular 
and  the  papillary. 

Glandular  cystomata  are  distinguishe<l  by  the  (constant  prolif- 
eration (►f  the  epithelial  elements  in  the  form  of  a(Mni.  This  occa- 
sions a  niultil(K'ular  character,  now  cysts  springing  from  the  walls 
of  the  ori<j:inal  cavity  or  ap[)earing  witiiin  the  substance  of  the  pri- 
mary tiiin(>r.  The  terms  adenocystoma  and  ci/sto-^denoma  are 
appr(>priate.     The  tumor  may  present   itself  as  a  large,  single^ 
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the  cells  then  undergo  fatty  degeneration.  The  whole  process 
gives  rise  to  a  yellowish  nodular  formation,  termed  the  corpus 
luteum.  Subsequently  this  is  removed  by  absorption  of  the  blood 
and  by  degeneration  and  absorption  of  the  proliferated  cells 
of  the  lining  membrane,  and  a  small  scar  alone  remains.  The 
latter,  especially  when  more  than  usually  fibrous,  is  known  as  the 
carpus  fibrosiun.  This  is  commonly  a  little  pigmented,  in  conse- 
quence of  the  pre-existing  extravasation  of  blood.  The  corpus 
luteum,  which  is  developed  from  a  follicle  formed  at  the  time  of 
impregnation  (corpus  luteum  of  pregnancy),  differs  somewhat  in 
character.  The  epithelial  proliferation  is  much  more  active,  and 
the  wall  of  the  follicle  is  intensely  congested.  Rapid  involution 
does  not  tjike  place,  the  follicle  often  persisting  for  considerable 
periods  aflor  the  termination  of  pregnancy. 

Exceptionally,  considerable  hemorrliages  may  take  place  into 
the  follicles,  and  small  hemorrhagic  cysts  or  cysts  containing 
blo(Kl-stained  liquid  may  be  formed. 

INFLAMMATION. 

Inflammation  of  the  ovaries,  or  o^iphoritiSy  is  generally 
a  secondary  condition  resulting  from  an  extension  of  inflammation 
from  the  neighboring  reflections  of  the  peritoneum,  or  from  exten- 
sion of  infective  processes  along  the  Fallopian  tube.  The  exten- 
sion from  the  neighboring  peritoneum,  as  well  as  from  the  uterus, 
may  be  direct — that  is,  along  the  planes  of  tissue  or  through  the 
lymphatic  or  vascular  channels.  Acute  oophoritis  is  not  infre- 
quent in  various  forms  of  general  infection,  such  as  typhoid  fever, 
pneumonia,  influenza, etc.    Primary  o<")phoritis  is  j)rohal)l y  xery  rare. 

The  ovary  becomes  enlarged,  and  in  the  earlier  stages  is  more 
or  less  coni^ested.  Later  the  tissues  b(M!ome  yellowish,  either 
uniforuily  or  in  scattered  areas.  Finally  the  process  may  termi- 
nate in  iKicrosis  or  abscess-formation.  Such  ovarian  abscesses 
may  reach  a  considerable  size,  and  br(\ik  into  any  of  the  hollow 
viscera  near  by  or  into  the  peritoneal  cavity.  In  more  favorable 
cases  there  arc  only  small  collections  of  pus,  and  these  may  subse- 
quently become  inspissated.  The  most  satisfai'tory  of  all  termi- 
nations is  in  (M)nipl(»te  resolution,  or  in  induration  (chronic 
oophoritis). 

Localized  inflammations  may  sometimes  occur  about  the  folli- 
cles. These  may  terminate?  in  follicular  abscesses,  which  either 
discharge;  and  lead  to  scar-formation,  or  become  inspissated. 

INFECTIOUS  DISEASES. 

Tuberculosis. — Among  the  infectious  diseases  tuberculosis 
alone  is  of  im|)ortance.  It  may  arise  as  a  primary  disease  of  the 
ovaries,  but  much   more  frequently  is  sc(M)ndary  to  inflammation 
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of  the  tubes  or  other  parts  c>f  the  genital  tract.  It  may  give  rise 
to  the  fornuition  of  small  or  lar^^e  t'liee.sy  masiieg,  showing  a  te^ii- 
dency  to  softening  with  fbrniation  of  tuberculous  abscesses.  The 
ovaries  may  occasionally  be  the  seat  of  miliary  tuberc^ulosis. 


TUMORS. 

The  ovaries  are  frequent  seats  of  tumors,  b<jth  benign  and 
malignant.     By  far  the  largest  proportion  are  oystie, 

ConnectiTe-tisSUe  TutnotS.— Fibromata  mny  mcuv  as  small 
Qodular  growths,  either  single  or  multiple.  In  t?ome  cases  the 
tumors  are  of  eonsiderable  size.  Combinations  of  fibnana  with 
ieiomyoma  may  also  In*  met  with  ;  tliese  mi^fififiromafa  resemble 
those  of  the  uterus.     OvunsumnUy  JibroHarcoina  is  eneoiuitered. 

Chondroma  is  a  rare  form  of  benign  tumor. 

Sarcoma  may  occur  in  the  form  of  spindle-ceHed  sarcoma, 
fibrosarcoma,  or  more  rarely  as  rdund-cell  sarcoma.  It  af^jjears 
as  rounded  tumors  with  more  cjr  h*ss  pronounced  encapsulation. 
Degenerations,  such  as  myxomatous,  arc  not  iufrc^tiuent,  and  eysti*^ 
change  may  be  uceasioned  by  dilatation  of  tin*  follich-s.  In  some 
cases  prolifcratums  f>f  tlie  walls  of  the  follicles  etujstitute  an  im- 
portant part  of  tlie  gn*wth.  To  such  cas(\s  tfie  name  adenosarcomn 
may  Uv  applied.  Angiosarcomata  and  endotheliomata  have 
occasionally  been  <leseribiMl. 

Cystic  Tumors.— Of  the  cystic  c-onditions  of  the  ovary  we 
must  distinguish  the  mmplr  Jofiicidar  cyx/A-  and  the  more  important 
myxoid  or  colloid  ei/Hlomata  and  flennoid  ei^ats^.  Of  tlu*  cystonmta 
there  aix^  two  varii^tics — the  papillary  and  the  glandular. 

Follicular  cysts  are  <h'velfjped  by  distention  (*i'  the  Graiitian 
follicles  with  dropsical  liquid.  The  ovary  may  hv  coiisi*leral>iy 
eniarged  by  cystic*  eiivities,  lined  with  epitiicliuni  and  ccmtaiuing 
clear  watery  liquid,  or  occasionally  bhMKl-tinged  t^ontents.  Cysts 
of  this  charactf  r  arc  very  etmimrjn  in  cases  td"  indunition  of  the 
ovary  following  oo|>horitis. 

Colloid  or  Myxoid  OyBtomata. — Ctdloid  m*  myx^iid  (wstomata 
present  themselves  as  tumors  of  snuill  or  large  size,  luiving  a 
tendency  to  a  multitucular  cystic  character.  The  cavities  arc  filled 
M^itli  a  more  or  less  gelatinous  or  mucijid  liquid.  8*ime(imes 
hemorrhage  takes  plat^e,  and  the  contents  are  correspmidingly 
altered.  Two  sub  varieties  may  be  distinguished  :  the  glam  hilar 
and  the  papillary. 

Glandular  cystomata  are  distinguished  by  the  constant  prnlii- 
eration  of  the  epithelial  efeTuents  in  the  form  of  aeiiu.  Tliis  oeea- 
sions  a  nudtilocular  character,  new  cysts  springing  fivim  the  walls 
of  the  original  cavity  or  appearing  within  the  substance  of  the  pri- 
mary tumor.  The  terms  adeufjeifi^fomn  and  eifxfo-ffdmorfia  arc 
appn^priate.     The  tumor  may  present    itself  as  a   large*  single, 


720  TEXT-BOOK  OF  PATHOLOGY. 

rounded,  cyst  with  insignificant  projections  of  small  cysts  upon  the 
inner  lining ;  while  in  other  cases  there  is  found  on  section  a  uni- 
form multihx;ular  character.  Microscopically  the  characteristic 
feature  of  these  tumors  is  the  formation  of  regular  gland-acini, 
showing  a  single  layer  of  epithelial  cells,  or  at  most  a  few  layers 
resting  upcm  a  basement-membrane.  The  stroma  of  the  tumor  is 
composed  of  fibnius  connective  tissue,  with  some  unstriped  muscle- 
fibers.  The  contents  of  the  cysts  have  the  mucoid  or  colloid  char- 
acter referred  to,  and  chemically  a  substance  is  discovered  that  is 
absent  from  simple  follicular  cysts  of  the  ovar}'  and  is  less  abun- 
dant in  papillary  cystomata.  This  substance  is  termed  pseudo- 
mucin  or  paralbumin,  and  is  somewhat  related  to  mucin. 
Occasionally,  when  the  cysts  are  old  the  contents  may  be  quite 
watery. 

Cystomata  soon  destroy  the  ovary,  the  unaffected  ovarian  tissue 
being  spread  out  within  the  wall  of  the  cyst.  The  tumor  is 
attacned  in  the  pelvis  by  a  pedicle  consisting  of  the  broad  liga- 
ment and  Fallopian  tube,  and  often  forms  secondary  inflammatory 
adhesions  to  adjacjent  parts. 

Glandular  cystomabi  arise  either  from  embr}'onal  rests  (Pflfiger's 
tubes),  or  from  ingrowths  of  the  surface-epithelium  of  the  organ. 
It  is  generally  considered  unlikely  that  tnc»v  arise  from  Graafian 
follicles. 

PapiUary  Cystomata. — Papillarj'  cysts  occur  in  two  forms, 
the  one  closely  resembling  glandular  cystoma  in  its  general  appear- 
ance, the  other  presenting  itself  as  a  papillomatous  condition  of  the 
surface  of  the  ovar}\  In  the  former,  or  papillar}-  myxoid  cysto- 
mata, large  cyr^tic  tumors  are  developed.  On  section  through  these 
there  is  found  a  papillomatous  or  cystic  proliferation  of  the  lining 
membrane,  but  the  tendency  to  the  formation  of  soeondar}'  cysts 
is  much  le.<s  pronounced  than  in  the  ^laiiduhir  varieties,  and  the 
fibrous  stroma  is  less  abundant.  The  secondary  cysts  in  this 
variety  may  he  forni(»d  by  fusion  of  the  free  ends  of  proliferat- 
ing papilhe,  or  by  myxomatous  degenerations  within  the  stroma 
of  the  papilhe.  The  liquid  of  the  cysts  resembles  that  of  the 
glandular  form,  but  contains  less  pseudoniucin,  and  is  more  fre- 
quently hemorrhagic.  On  microscopic  examination  it  is  found 
that  the  inner  lining  of  the  cyst  and  the  papillary  projections  con- 
sist of  stratified  ciliated  epithelium.  Calcareous  bodies  arrange<l 
in  a  cfmcentric  fashion  (psammoma-lKKlies)  are  frequently  met 
with  in  the  stroma,  as  well  as  in  the  e])ithelium.  The  same 
calcaref)us  bodies  are  occasionally  found  in  irlandiilar  cystomata. 

The  papill(>niatous  ovarian  tumors  differ  from  the  glandular  in 
being  almost  invariably  bilateral  (Fig.  321).  Their  origin  has  not 
as  yet  been  certainly  determined,  but  it  is  probable  that  they  origi- 
nate from  th(»  paroophoron,  a  vestigial  remnant  of  the  parovarium. 
Some  have  held  that  they  may  originate  from  the  Graafian  follicleSi 
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or  from   ingrowtfij^  of  the  suriat*o-t^j>itlieHum.     Thin  is  assuredly 
not  a  frequnxt  <_>ripfK 

The  surfare-jHijiillonjata  of  the  ovary  present  thera.selves  as  ir- 
regular ma.sse.s  of  a  eauliflnwer  uppeaninr^e,  Tht*  ]>apilla*  i^f  pro- 
jections are  coven^d  with  filiated  rphht'liuiu,  ai^  in  the  lybtic  Wtvm, 
There  is  no  essential  ditference  in  structure,  and,  it  is  pix>bable 


Fio.  H2L— Dmuble  papillomatoiiti  cy^i  rtf  the  oviiry :  the  right  cyst  bus  riiipture'd  and  li 
turned  inside  out,  ahowini^a  mn^s  or  papUloinata;  papillonmta  havu  |>enetratt'tl  tlu;  wctii 
of  ihc  eyst ;  the  fH-riloneiim  haa  bet-n  inftirted,  und  a  i>ap  11  luminous  gruwth  appears  uq 
the  funduti  uteri  (Peuro&e^ 

that  in  most  iuBhinces  the  superficial  fornm  result  from  a  ni[>ture 
of  the   cystic  variety  and  tlie  j^iihserpient  external   ]rroHfe  rati  oil 

T!ie  papillomatous  eystomata  and  the  surface-j^apilloniata  have 
a  marked  tendency  to  carcinomatous  tmnsformatiou,  and  tend  to 
spread  to  the  peritoneum,  causing:  metastatic  nodules  in  the 
vicinity  <»r  thrt>ug!jout  the  entire  abdomen. 

Dermoid  OystB. — ^Dennoid  cysts  are  frequently  met  with  in  the 
ovary.  They  may  occur  as  small  noduicH  or  as  very  larire  tumors^ 
and  art!  usually  unilateral.  Tlie  lar^^er  ones  .substitute  the  ovarian 
tissue  completely  ;  less  commonly  they  may  be  peduncuhited,  the 
ovary  in  part  remaining  intact.  Combinatif»ns  with  glandular 
cystomata  are  not  infre«|uent* 

The  dermoid  cyst  is  a  smooth- walled  sac,  the  inner  surface  pre- 
senting somewhat  irregular  proje<'tions  and  having  more  or  less 
prowuineed  chanictcristies  of  epidermal  tissue.  The  cystic  con- 
tents are  a  putty-like  material  of  grayish  color,  containing  long, 
blonde  hairs  and  teeth,  and  sometimes  ill-^lcvelopt^J  l>one.  The 
gniyish  material  consists  of  fatty  detritus  containing  degenerated 
epithelial  cells,  and  usually  alnindaut  ch(desterin-crystals.  The 
wall  of  the  ilermoid  cyst,  though  usually  in  tlie  main  composed 
of  epidermal  struiture,  may  contain  elements  of  the  three  blastfi- 
dermic  layers.  The  dermoid  eyst  may  occur  in  childhood,  or  even 
in  fetal  life,  but  usually  does  not  present  itself  till  adult  years. 

The  natiiri/  of  the  tumor   has   not  been  certainly  determined, 
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,  but  it  i^  quite  evideol  disl  tft  HLpieiMMils  mh  atteouit  si  the  i 
matiao  of  an  orffumtML     It  faas^  Atwctm,  been  clesignBfei 
dame  as  ^Jketma  mfadtL    Others  lave  looked  upon  it  ma  the  i 
of  m  form  of  pmrtbogeaesiB^ 

SeooiidaiT  changes  ooi  isfivqnentlT  occnr.     InliammalDiy  < 
Lditioiis  of  the  walk  may  oceaaioa  ■hari'iff      Sometimes  the  i    ~ 

proliiefrnte^  activelj,  aad  the  detmoid,  in  part  or  as  a  whole^^ 
is  convert***!  into  a  i 


of  the 


tjarcmotiia. — iJaraaoma  ot  lae  ovmrr  majr  lie  a  pnmarir 
growth  of  glaocliiiar  dmader  derebpi^  mm  the  foUiele&,  or  it 
may  be  of  a  mocoa^  or  eofloid  varietjTi  when  the  o^mriaii  tiaeoe  < 
beoomes  convertcfl  into  a  g^Iatinoos  imas.     In  the  latter^ 
tomor  leoda  to  spread  to  the  adjacent  peritooeum,  and 
'  \  along  this  membrane  mar  occur. 


CYSTS  OF  THE    PAROVARIUiH. 

Cysts  of  the  paru%-aritim  may  be  oi>n-;iiiePed  in  this  place  on 
^account  of  their  elinical  reeembhmee  to  o\-arTan  eystomata  (JP^« , 
^  32^).     Tber  are  distinguished,  however,  by  their  intralij^amentoii^  j 


Flo.  ISL— <': 


1^  nrovarluro  :  (here  U  uo  di^torlinti  nf  the  oViit7 ;  Uic  F&Uopi^n  tuho 
hat  been  much  elongated 


fiitiiation,  by  their   almost    invariably  unilocular   character,  and 
UBuaUy  by  their  clearer  and   more  i^erous  liquid   contents.     The 
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ovary  is  iisiially  uninjured     Tlie  inner  lining  coDBists  of  ciliated 
epithelium. 

CYSTS   OF    KOBELT. 

Those  are  thin- walled ,  pedunculati^d  cysts  about  the  size  of  a 
pea  (Fig.  328).     They  are  I'rcfjiicntly  met  with,  and  are  seated  at 


Firi.  323.— Fallopian  tube,  ovary,  ntid  fwrtivariura  t  a.  rivi"^i«  "i   MorKngnl ;  b,  cyit  of 
Kubelt's  tube  ;  r,  Ogrtimr'ii  duct  (.FenroseK 

the  side  of  the  ovary.  The  wall  is  fihnjius^  the  lining  nienihrane 
composed  of  euhieal  epithelium,  and  the  cnutents  a  clear  serous 
liquid.  The  cyst  results  from  distention  of  one  of  Kohelt^s  tubes 
in  the  parovarinui. 

THE  FALLOPIAN  TUBES. 

Development  and  Anatomy,— The  tubes  are  formed  from 
the  upper  ends  of  Muller^s  tlucts*  The  hmer  ends  of  the  dut^ts 
fuse  to  form  the  uterus  and  vaginiL  Each  tube  is  covered  liy  a 
peritoneal  coat,  and  its  walls  consist  mainly  of  longitudinnl  and 
circular  mnsele-tibei^s.  The  niueosa  is  tlircKvn  into  well-markcd 
longitudinal  plications,  which  at  t!ie  ntennc  end  arc  fnrther  com- 
plicated Ijy  sccnudary  elevations.  The  epithelial  lining  consists 
of  columnar  ciliated  ceils. 


CONGENITAL  ABNORMALiTIES, 

Tlie  tubes  may  be  absent  or  may  be  defective.  Congenital 
atresia  is  occasionally  observed.  The  tubes  may  be  unusual  in 
lengtli  and  may  communicate  with  the  uterus  in  ahuonnal  j^itu- 
ations. 

CHANGES  OF  POSITION. 

In  dislocations  of  the  ovaries  the  tubes  are  correspondingly  dis- 
located.    Independent  of  displacements  of  the  ovary,  the  tubes 


724  TEXT-BOOK  OF  PATHOLOGY. 

nukv  be  distorted  or  palled  out  of  their  usual  po^itioo  by  inflam- 
matory adhesions,  and  may  thus  be  bent  at  sharp  angles  or  bound 
down  in  various  malpositions. 

STENOSIS. 

Congenital  stenosis  of  the  tubes,  or  complete  closure  of  the  lu- 
men, may  affect  the  entire  length  of  the  tube  or  a  limited  portion, 
principally  near  the  middle.  Acquired  stenosis  may  result  from 
pre-existing  disease  of  the  tube  itself,  or  from  adhesions  secondary 
Uf  localized  peritonitis.  The  most  irequent  situation  in  these  iu- 
stanoes  is  the  abdominal  or  fimbriated  end.  A  narrowing  of  the 
lumen  of  the  tube  may  be  occasioned  by  angulation  or  by  disloca- 
tions. 

DILATATION. 

Dilatation  on  the  proximal  side  of  obstructions  or  stenosis  is 
frequent.  The  dilatation  is  more  marked  when  inflammatory  con- 
ditions of  the  mucous  membrane  are  present.  The  abdominal  end 
of  the  tube  may  enlarge  so  as  to  form  a  cyst  of  considerable  size, 
filled  with  serous  or  seromucous  liquid,  when  the  middle  portion  is 
stenotic.  When  the  lower  end  is  obstructed  the  entire  tube  be- 
comes dilated,  and  it  frequently  shows  a  tortuous  and  irregularly 
fouched  condition,  due  to  its  attachments  to  the  broad  ligament, 
n  such  instances  the  mucous  membrane  is  pushed  inwara  at  the 
bends,  and  projects  prominently  into  the  lumen  of  the  tube. 
Hecondar}'  changes  of  the  epithelial  lining  are  not  unusual  in  con- 
sequence of  the  irritation  of  the  retained  secretions.  The  normal 
epithelium  may  be  wholly  lost,  and  the  lining  may  consist  of  squa- 
mous epithelial  cells,  t^urely  inflaramator}-  dilatations  will  be 
referrecl  to  below. 

CIRCULATORY  DISTURBANCES. 

Active  hyperemia  of  the  mucous  membrane  may  be  a  part 
of  acute  infljini  mat  ions  of  the  tul>es,  and  is  ver}'  frequently  found 
at  the  fimbriated  extremity  in  association  with  peritonitis.  The 
mucous  membrane  is  swollen  and  bright  red  in  color.  There  may 
be  excess  of  mucous  secretion.- 

Passive  hyperemia  occurs  in  conditions  in  which  the  gen- 
eral venous  circulation  in  the  alxlomen  is  impeded. 

Hemorrhag^es  into  the  tubes  may  occur  physiologically  during 
the  mcmstrual  period,  and  sometimes  considerable  amounts  of  blood 
arc  found  under  these  circumstances.  Small  hemorrhages  into 
mucous  membranes  may  occur  in  association  with  inflammations 
of  the  tubes  and  in  the  course  of  some  of  the  infectious  diseases. 

Hematoma  of  the  tube,  or  the  collection  of  blood  in  the 
tube,  results  from  stenosis  of  the  lower  end  with  accumulation 
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of  the  menstrual  discJiarges  in  the  proximal  pt^rtions.  The  blootl 
may  remain  in  a  more  or  le^8  natural  eondititm  for  a  long  time| 
or  may  undergo  seeontlary  ehang-es.  Sometimes  it  clit^tcharges 
through  the  ahdomiJial  end  of  the  tuije  into  the  peritoneal 
cavity,  and  leads  to  retro-utt^rinc  hematocele* 

INFLAMMATIONS. 

Inflammation  of  the  tubes,  or  j^alpin^itis,  may  be  acute  or 
chronic. 

Acute  salpingitis  irresents  itsiflf  in  sevend  forms,  such  as  an 
acute  catarrhal  and  a  suppurative  form.     In  most  cases  tlie  iuflam- 


«« 


(V 


124.— Acute  septic  talpingitti :  section  abom 


of  the  tube  (Beyei)* 


mation  results  from  the  entmnce  of  irritants  i'rom  the  uterus,  and 
the  tubal  disease  is  secondary,  therefore,  to  endometritis  or  to  other 
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even  ealeifioatiun  occurs.  When  tik-^^rs  of  the  miicniis  memlvranes 
have  lurnied,  ruptun^  r>f  tlie  tube  and  const^ciitivo  piritfinitis  may 
occur,  i!Fpocially  during  stniiniog;  etfurtSj  as*  in  labor.  Acute  local 
or  geiiLTal  |)crit<uHtis  more  triH|ucntly  rci^ults  [Vtim  ilisehargc  of 
infective  matter  fVotJi  the  ahdomuial  eud  of  i\w  tube. 

Mienif>4'opically,  in  all  furoi?^  of  83ilpingitis  extensive  round-cell 
infiltnitiou  is  obsorvi^d  in  all  of  the  layers  of  the  tubes. 

Chronic  salpingitis,  as  a  rule,  results  from  the  continuation 
of  an  acute  form.  The  wall  t>f  the  tube  becomes  thickened  and 
the  museuliir  layer  is  ot'tcu  liypcrplastie.  Proliferative  changes  in 
the  mueouH  mtiubranr  are  not  on  usual,  luid  may  leatl  t4)  a(  tnal 
[jolypoid  outgrowths.  Oeciisiunally  small  follicular  ibrniations 
are  i^iH^n  in  tiu'  mucosii ;  but  ulcerations  of  the  nuictjus  mcnihrane 
are  !nfrct|ucnt.  When  the  inflammation  extends  to  the  serous  coat 
inllammatory  ad  I  lesions  are  frequently  formed  (Fig.  ,525) »  and  may 
hind  the  tube  firndy  to  adjacent  ()arts  and  occasion  great  eonges- 


FiG.  :saj.— Hydrosiilpinx,  ahuwittg  eottiplete  Inversion  of  the  fimbriae  fPcnrcwe). 

tion  or  distortion.  Very  often  the  abdominal  fud  (»f  tlic  tube  be- 
comes occluded  by  inflaiunintory  mlhesions,  or  by  inversion  and 
ajjghiti nation  of  the  fimbriae.  At  tlie  sann^  time  tlie  swelling  of 
the  mucosji  obstructs  tlie  uterine  end,  an*!  in  consequence  the  tube 
becomes  a  closed  pouch  wliieh  fills  with  pus  ( ptfomiprnx),  svru- 
purulent  lirpjid  (htftfrosafpifix)  (Fig*  320 )»  or  hemorrhagic-  Huid 
[htmaiomlpuLr).  Intercurrent  acute  s£ilpingitis  iVcquently  takes 
place  in  cases  of  chronic  tul>al  disease. 


INFECTIOUS  DISEASES. 


Tuberculosis  of  the  tubes  may  be  cither  primary  or  second- 
ary, and  is  probably  much  more  fn^quent  than  has  been  supposed. 
Secondary  tubereidosis  may  occur  in  tlie  miliary  form  in  associa- 
tion with  tuberculosis  of  the  iK'ritoneum  or  with  general  tubercu- 
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losis.  In  other  cases  secondary  tuberculosis  leads  to  caseous  and 
fibrous  changes  in  the  walls  of  the  tubes.  The  latter  become 
greatly  thickened,  and  microscopically  there  is  found  a  diffuse 
cellular  infiltration  with  scattered  giant  cells  and  here  and  there 
definite  tubercles.  The  fibrous  changes  progress  more  slowly, 
and  may  eventually  become  the  conspicuous  feature.  Primary 
tubei*culous  salpingitis  is  similar  in  its  appearance  to  the  form 
just  described.  The  infection  may  occur  through  entrance  of  the 
organisms  at  the  uterine  end  of  the  tube,  and  certain  observations 
would  indicate  that  pre-existing  gonorrheal  salpingitis  predisposes 
to  secondary  tuberculous  infection.  There  are  usually  considerable 
adhesions  of  the  tubes  to  the  neighboring  organs,  and  particularly 
to  the  ovary,  and  secondary  miliary  tuberculosis  of  the  peritoneum 


FiQ.  827.— Tuberculosis  of  the  Fallopian  tubes.    The  disease  has  extended  to  the  perito- 
neum, which  is  covered  with  tubercles  (Penrose). 

is  frequently  observed  (Fig.  327).  The  lumen  of  the  tube  is  filled 
with  purulent  liquid,  and  sometimes  certain  portions,  particularly 
the  abdominal  end,  may  be  greatly  distended,  forming  cysts  con- 
taining puriform  liquid. 

Sypiiilis  has  been  observed  in  the  form  of  gummata,  and  also 
in  the  form  of  diffuse  sclerosis,  in  cases  of  congenital  origin. 


TUMORS. 

Fibromata  and  fibromyomata  are  met  with  in  the  external 
walls  of  the  tubes  as  nodular  masses.  They  frequently  undergo 
secondary  calcification.  I/ipoma  occurs  in  the  external  coat 
lying  between  the  layers  of  the  broad  ligament. 

Papillomatous  elevations  of  the  mucous  membrane  are 
quite  frequent,  and  in  some  cases  a  transformation  of  papilloma 
to  carcinoma  takes  place.     Probably  most  instances  of  primary 
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carcinotna  of  the  Fallopian  tnlies  have  tliis  origin.    Secondary 
carcinoma  may  result  irom  extension  of  uterine  eani-tr. 

Sarcoma  en  eurs  in  varioim  ft>rms^  and  syncytioma  malig- 

nutn  may  affeet  the  tnhes  after  tuhal  pregnanc^y. 

Cysts  of  the  tubes  are  usually  the  reHult  i>f  localized  distentions 
of  the  lumen  in  eonsequene.e  of  obstructions.  Small  cystic  for* 
mat  ions  of  obscure  origin  ai*e  sometimes  fonnd  in  the  peritoneal 
covering  of  the  tubes  and  along  the  attachment  of  the  broad  liga- 
ment.    Their  contents  imiy  be  ctdlotd  or  serous. 

The  hpkdkh  of  Mtm/fH/Hi  are  snjall  cystic  formations  about 
the  size  of  a  pen,  lianging  liy  a  lung  jwHUcle  at  the  tiiiibriatcd  cnil 
of  the  tube.  Thev  are  prolialily  the  result  of  distention  ul"  the 
closed  end  of  Muller's  canal, 

Thtbfxjvarian  cj/hIa  arc  formed  bv  distention  of  the  abdominal 
end  of  the  tubes  when  the  fimbriated  cxtreinities  are  attached  to 
the  ovary,  or  in  other  crises  may  be  the  result  fd*  rupture  of  fnt- 
lienlar  cysts  of  the  ovaries  themselves  into  the  abdominal  end  of 
the  tubes. 

EXTRA-UTERINE  PREGNANCY. 

Etiology, — Any  olistruction  to  the  downwanl  niigratifin  of  the 
ovum  may  lead  to  its  retention  and  <lcveh>pment  in  abnormal 
Bitnations.  Tlie  actual  cause  is  usually  tiillicidt  to  determine. 
Impregnation  pissibly  frequently  takes  jihifc  in  tlic  Fallopian 
tnbe ;  but  nnlcss  some  obstruetiiiu  arr<'sts  the  passiige  of  the  uviim 
into  the  uterns,  normal  uterine  gestation  takes  jilaee.  Swelling  or 
rapid  deeidna-formation  of  the  muetKsa  of  the  tubes  may  be  one 
of  tlic  causes,  and  cbronie  siiljjingilis,  Ijy  i-ausing  destruction  of 
the  eilia  i»f  the  epithelial  eells^  nnd  thickening  an<l  adhesions  of 
the  walls  of  the  tnlies^  acts  in  a  similar  mannt^r  Any  other  form 
of  obstrnetion,  as  by  tumors  or  external  ermipression,  may  be 
ineluded  among  the  ctiolngir  factors. 

Varieties  and  Patliolog:ic  Anatomy. — All  f»ases  of  extra- 
nterine  pregnan<n' are  probably  In  t tie  beginning  tubal  prcgmincics. 
This  condition  may  occur  in  any  pari  r*f  the  tul>e,  It  is  nirely 
fonnd  at  the  uterine  end,  but  may  or^rnr  tb^Tc  in  that  part  of  the 
tube  which  is  eud>edded  in  the  wall  of  the  uterus.  The  term  in- 
terdttial  pjyynanrif  is  applied  to  this  form. 

Tuba,!  Pregnancy* — The  changes  which  occur  in  the  tube  are 
analogons  to  tliose  met  with  in  tfie  uterus.  The  same  forms  of 
nieml)ranes  and  deeidme  arc  develojied,  and  a  j>lacenta  <levelopSj 
afi  in  the  uterus.  The  mnseularis  of  the  tul*c  may  by|K'rtr<>phy 
somewhat ;  but  in  the  end  the  inrrcasiug  size  rd"  the  eraitaincd 
ovum  leads  to  thinning  and  stretching  of  the  wntls  of  the  tube. 
It  is  an  interesting  fat't  tfrat  the  mneous  membrauc  of  the  uterus 
forms  a  decidna  of  more  or  less  complete  development  in  eases  of 
extra-uterine  pregnancy  (Fig.  328). 
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Ainon^  the  tt^mi  nut  ions  of  tuhix]  pr<'piancy  are  the  folio  wiog  : 
L  The  rulu*  may  rupture    inU*  thi^  hn>acl   ligament^  mt<i  the 
peritoneal  cavity,  or,  in  cases  <if  interstitial  pregnancy,  intii  the 
uterus.     As  a  result  of  these  accidents   heinatonm  of  the   broad, 
ligament,  hcniatrMi'ele,  an<i   loc^I  or  general   peritonitis  may  occur  J 
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FiM.  328.— Tubal  pregrmrny.  r*Tii<iv*'tj  i.f-»rirt'  ru|ituri?.    Tbe  opening  that  hus  been  cut  In 
the  tnlrt*  Hhrjws  the  nhortonVi^  viUi  IPeuraac), 

or  sudden  death  may  take  place  a.s  a  direct  result  of  tlie  hemor- 
rhage. Sudden  death  from  <!oI lapse  is  more  frecpiently  due  to 
this  cause  than   has  generally  been  supposed. 

2,  The  ovum  may  be  destroyed  in  the  tube  and  the  gestation 
cease.  In  tliis  case  the  fetus  subsequently  undergoes  various 
changes.  More  or  less  degenerati<ui  usually  occui>?,  and  shapeless 
masses  or  adipfH?ere  may  result.  In  f»ther  cases  calcification  of  the 
remnants  of  the  disorganized  fetus  leads  to  the  formation  of  a 
iiihopt'difjn.  This  may  take  place  within  the  tube,  oraftcT  rupture 
t>f  the  tube  and  enclosure  of  tlie  fetus  in  a  sac  formed  by  circum- 
scribing |*erit«>nitis. 

3»  PrcuuUure  <lischarge  of  the  o\*um  (tubal  nhortion)  may  occur, 
and  the  gestiition  nuiy  terminate  without  serious  results.  In  other 
causes,  however,  it  leads  to  a  disebarge  of  the  blinxl  through  the 
luielosed  abdntuinal  ostium  of  tlic  tube  into  the  peritoiK/al  cavity  ; 
und  hematocele,  peritonitis,  or  sufhlen  deiUh  from  li(^uu>rrhage  may 
occur* 

4.  In  very  exefptionnl  cases  tnlml  pregnancy  goes  on  to  full 
term  without    rupture  of  the   tul»e.      Spurious  labor  may  then 
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corae  oo,  tlie  fetuii,  as  a  rult%  pcTtfihing,  The  liquor  amnli  is 
absorbed,  timl  (k'^fntTative  I'liun^'s  h-adin^  to  miimniifindinii,  or 
the  ibrrTuition  of  ad i pot t re  or  of  a  liiliupttlifju,  take  plaee.  Tlie 
mummitied  tetiis  may  reiiiain  for  many  yearK.  Very  ranlv  after 
spurious  labor  tlie  fetus  is  tiisebargetl  into  the  peritoneal  eavity, 
and  may  be  delivere*!  through  the  rectum  or  in  other  ways. 

Abdominal  Pregnancy. — ThiH  term  is  given  to  eases  in  whieh 
the  tube  haj^  ruptured  and  tlie  ovum,  eia-losed  in  its  membrmies, 
escapes  into  .Mime  part  of  the  alidonunul  cavity,  vvlien?  it  remaluH 
frtM'  or  surrounded  by  adhesions  the  result  of  jieritonitis.  The 
placenta,  as  a  rule,  remains  in  the  tube  ;  but  it  may  also  establish 
secondary  attach inents  to  parts  of  the  peritoneuuK  Primary 
alHlondnal  prejrnancy — that  ib,  impre^natiim  and  gestation  in  the 
abdominal  cavitv— <loe8  not  8eeni  ever  to  occur. 


THK    VAGINA. 

PROLAPSE  OF  THE   VAGINAL  WALLS, 

Prolaf>ae  of  the  anterior  or  p4Jstcrior  wall  of  the  vagina  may  be 
due  to  abnormal  relaxation  of  the  tissues^  or  it  may  be  secon<lary 
to  prolapse  of  the  uterus  and  similnr  eoiiditions  that  press  the 
vaginal  walls  downward.  Not  infrequently  the  jxJHterior  wall  of 
the  bladder  is  dragged  downwanl  with  tlie  anteri(jr  wall  of  the 
vagina,  and  vaginal  njHfocele  results.  Similarly  the  anteiMur  wall 
of  the  rectum  may  be  carried  downward  with  the  pt»sterior  wall 
of  the  vagina  ;    this  is  termed  vayhuil  rrvtuevir. 

STENOSIS  OF  THE  VAGINA, 

Congcnitiil  stenosis  is  Tiin\  ]Mtire  fre4piently  the  lumen  of  the 
vagina  is  narrowed  by  contract  ion  of  eieatricial  tissues  formed  in 
inflammatory  diseases  of  the  walls,  r*r  by  adhesion  fd'  the  opjHisite 
8urfaces  ftdlowing  oleemiionH.  C'onqilete  iteelusic^u  may  occur  in 
the  latter  form  of  eases,  espeeially  in  rdd  wnmen. 


WOUNDS  AND   FISTUL^E. 

Injuries  t'O  the  vaginal  walls  nmy  be  caused  by  the  insertion 
of  sharp  bodies  or  instnnnents,  or  by  coitus.  Much  niiu't*  fre- 
quently injuries  are  due  to  strct<"hing  or  pressure  during  labijr. 
Superlic^ial  laec rat  tons  eans<'d  by  overdistention  are  tVenueut,  hut 
more  extensive  injuries  njay  hv  caused  l>y  prolongt^l  jiressure  of 
the  infant's  heatl  m'  by  instruments  used  in  delivery.  In  mich 
cascB  infection  and  phlegmonous  intlanunation  are  [irone  to  occur, 
and  vesieo-vaginnl,  uo'thrn- vaginal,  or  reeto-vaginal  tistulie  are 
sometimes   the   result.     The   urine   or   feces    may   lie   disc*harged 


nrzafi^tsr  )f  7  v'^'^inLJ^^ 


*iiiniie!i  lie  ^aiEnn.  oml 
-iie  -smzp  rrtenm  jinrniT 

kiDfife.  Ti   »*Tr>«&  »r 


Qiio.     Tilt*  Tuwnnt  "ny^nnrinp  i^  Jgir  :m. 

•9iiif¥!fiiiP9i*f^  tf  arPrssnrp  me  t»  nhtar  !:iii&«^.  <^U3.  Jk^  Tttw^mm 
nuDt^r*^  inii  "iie  iig*.  T!ie  imefiai  ir^trnt^  <?^¥niItsL  ami  -fiiosnfr. 
Wfu^^  mil  na^  i«^  atiisc:  htuil  inuns^^i  -i'r'^Tv^aKii^ 

«»  tniimacMii.     riitammaciHi.  jnd  luit^anua  11217  ^^^*uc  dmn. 

nHjftJuiATaPi& 

— ^T!iii*  ••r.niiii::#>a  !#  i^uiennj  me  "3>  wninT!iifaL  JUHtrcain,,  b«K 
ma^  n^Hiic  fr>ni  ocner  <aiS!«!:Sw  7iii!2i  Jtr  m^.-nainn'ai  loii  -^flemnal 
irrixaaCi*.  :-r  In  j^tm^r  x^c**  271m  sih  iii'TikDa  }t  :iie  Oxturng. 
7*raiu'nlar.'*  Tr'zOL  "ae  r^tiniiu  Tlie  2101  •joi*  nembiaiie  k  (Bsis- 
^\j   iw^pi/    !:  air»s&»fL  imt  :3it»  -snrdu:*?   ii?    !^}«ruE»t£  wici  iitiK«>> 

irwjiri   ir^.    n*  1  nla/^^  •!fHiii!uiaxd7  if»^!Ot-L 

Szfotxatx¥^  ▼aginitiSb. — Li  nr^    tL^^^  :c  'jic-emsif  tracirriial 

^leodonKTiibfaaoos  Taginitis  maj    ^'"'ir  in.  j&t?ecfitt&>fi 

'^r^iKf-Ti.  •^^*-.  :    "-•".•-  :*  >  nit.-rr  n^.'^^r.'Ij  in*?   r-^1*  or  pccs^oze- 

,^f,r,^  '.**  Z/'.f^-rTi'^n*  ^Zfrl*.     Thr-  ^*irtii»>r  :r  tnr  vi^^ina  2^  more  or 

^rrir*^'.     A:Vr  'il^ituirz^  ot  the  lacr^rr  i'^^nri'/c.-?  irv  ott«»n  tbrmed. 

-•ffTi/'+.<',r.  i.vj  in  T*'>raf^  In.rtan«>r*  phI-^^^*o  r:^  infannnatioa?  of 
rii^r  jff'rr  >.'/.r*^[   rir-n*^  maj  oarL^e  ^^pttrir:- n.  ■•:"  :h-r  mocc^a. 

Clirotiic  catarrhal  Yaginitis  mav  '^-^  :h>^  •^•nrinran^xi  c^an 
a/mf/'  Ir»rt;*rr*rriari«',ri.  or  mav  oot?nr  in  a  irTulu;iI  rnanner  in  women 
ffrf\tu'^ii\  in  viral if.r.  The  mnor*<i  rLsaallv  pr*r:s*rnt5  amKannces 
v>m*rwJiat  lik^  rFjTiiTf:  of  acute  ra^es.  th«>rii:r.  th^  on<!esti»«  fe  less 
rriark^i.     Abnmiant  rnrj^ipamlent  or  mri«v.ris  (iU«'harge  (leocor- 
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rliea)  may  be  prefk'iit,  ErosiotiH  of  i^iiperJieiul  epitlieliiini  and 
onlargi'mcnts  of  the  lyiiiplioid  follieles  arc  inometinips  olJservc^L 
111  luiig-staiKlitig  cases  tlie  ^iirfaoeH  may  be  smooth  and  llie  entire 
nuieasii  simiewhat  [nfhirateil. 

Kraurosis  vulvae  is  a  hyperplastic  condition  of  the  mucosa 
and  fHiiljmucosa  of  the  vaj^inu,  Jiiiyia^  and  adjacent  parts  of  tlie 
valva,  Tlie  mncosa  of  the  atieeted  area!=  i-s  dry»  giiatening,  and 
hartl,  often  ii^isnred,  and  eontractions  of  the  vaginal  outU't  are 
common.  The  color  of  the  snrlace  is  grayis^Ii  or  *lark  red.  The 
process^  is  a  hyper[>lasia  of  the  connective  tis.sne  of  obscure  eti<il*igy. 

^lephatltiasis  of  the  labia*  or  clitoris  may  he  congenital,  ^►r 
may  result  from  local  intlaniniaton^  ernulitions  or  oljstructions  of 
the  lymph-channels.  Tlie  atfected  parts  are  sometimes  enormonsly 
enlarged^  The  surface  is  smooth  or  nodnhir  and  is  gelatinuns  or 
hard  in  consistency.  As  elsewhere,  the  lii.stology  is  that  of  a 
fibrous  overgrowth  with  lymphectasia, 

INFECTIOUS   DISEASES. 

Tuberculosis  may  occur  in  the  form  of  ulcers  associated  with 
uterine  tuberculosis,  or  in  the  form  of  lujms  from  extension  of 
tlie  latter  from  the  vulva* 

S3rphilis* — Chancres  may  occur  in  any  part  of  the  vagina, 
and  eireumscribed  (guramatoos)  or  diffuse  iiiHltrations  have  been 
described^ 

TUMORS* 

nbrotua  and  myofibroma  may  arise  in  the  muscular  layer 
of  the  vaginal  wall,  and  may  project  as  nodular  masses  or  assume 
a  polypoid  form* 

Sarcoma  may  occur  as  a  eircumseribed  mass,  but  more  eom- 
monly  as  dift\ise  intiltration  which  tends  to  ulcerate. 

Papillamata  arc  not  infrequent,  in  the  form  of  small  warts 
or  as  considerably  elevated  condylomata. 

Carcinoma  of  tlie  vagina  is  most  frequently  secondary  to 
cervical  cancer.  Similarly  it  may  follow  cancer  of  the  vulva. 
Primary  carcinoma  of  the  vagina  is  rare.  It  oecurs  in  the  form 
of  a  circumscribed  villous  pnijection. 

Cysts  of  the  vaginal  walls  vary  in  size  and  nund>er.  Fre- 
quently they  are  multiple,  and  the  sixe  ranges  from  scarcely  dis- 
coverable cavities  to  those  the  size  of  an  egg.  The  contents  are 
usually  serous  and  colorless,  or  less  frequently  of  brownish  color. 
Id  some  instances  a  flat  epithelial  lining  has  been  discovered. 
The  origin  of  these  cysts  is  probably  variable.  Stmie  seem  to 
arise  from  remnants  of  the  lower  end  af  the  Wolffian  duet; 
others  are  probably  lymphangieetatic.  The  multiple  small  eyste 
sometimes  oeeurring  in  pregnancy  ai*e  due  to  follicular  distentions, 
or  to  small  hemorrhages  with  subsequent  cystic  change. 
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THE   DECIDUA,  PLACENTA,  AND  FETAL  MEMBRANES. 

Anatomic  Considerations. — The  fetus  is  enclosed  within 
a  delicate  fibrous  membrane^  the  amnion^  and  this  is  covered  with 
a  second  membrane,  the  chorion.  After  the  deposit  of  the  ovum 
in  the  uterus  the  mucous  membrane  of  the  latter  undergoes  a  form 
of  hyperplasia,  in  which  the  uterine  glands  and  the  blood-vessels 
take  part  conspicuously,  and  thus  the  organ  becomes  lined  with  a 
thickened  mucosa.  The  latter  is  termed  the  decidua  vera.  A 
reflection  from  this  covers  the  fetus  enclosed  in  its  membranes, 
the  reflection  being  known  as  the  decidua  reflexa.  At  about  the 
fifth  month  of  development  the  decidua  reflexa  and  the  decidua 
vera  imite  and  fuse.  The  portion  of  the  decidua  vera  at  which 
the  placenta  is  subsequently  located  is  termcnl  the  decidiia  aeratina. 
In  this  p>rtion  the  vascular  system  is  particularly  marked,  and  is 
compos<fd  of  large  venous  sinuses  with  thin  walls.  The  fetal  cho- 
rion carries  on  its  outer  surface  numerous  small  projections,  or 
villi.  In  llu;  region  of  the  decidua  serotina  these  villi  undergo 
markcil  hyperplasia  and  bury  themselves  between  the  venous 
sinusrs  of  the  deciidua.  At  the  junction  of  the  villi  and  the 
decidua  two  layers  of  cells  are  develope<l.  The  first,  immediately 
covering  the  villi,  consists  of  cubical  epithelial  cells  (Langlian's 
cells).  Outside;  of  these,  and  uniting  the  villi  with  the  maternal 
tissue,  is  a  layer  of  clear  protoplasmic  material  containing  large 
nuclei.  This  has  the  appearance  of  nucleated  protoplasm,  rather 
than  that  of  collections  of  cells  of  definite  outline.  This  proto- 
plasmic; layer,  f^i/ncytium,  is  probably,  like  Langhairs  cells,  derived 
from  the  covering  of  the  chorionic  villi  though  some  authorities 
contend  that  it  is  niat^Tnal  in  origin. 

ABNORMALITIES  OF  DEVELOPMENT. 

The  Placenta. — Abnormal  smalhiess  of  (he  placenta,  or 
hy|)oplasia,  and  abnormal  largeness  are  octasionally  observed. 
More  fnM|U(*ntly  an  adventitious  ])lacenta  (  pfacrntfi  Huccenturiatn) 
may  Ix^  atUiclicd  to  the  main  placenta,  or  may  lie  near  it.  Abnor- 
mal location  of  the  placenta  at  or  near  the  neck  of  the  uterus 
{ jjlarrnfa  jtnrrid)  is  an  important  condition,  Iroiu  its  liability  to 
cause?  hemorrhage  and  ini.^carriage. 

The  Umbilical  Cord. — Occasionally  the  cord  is  divided  near 
its  placental  end  into  two  or  more  branches.  The  placenta  may 
be;  correspondingly  divided,  or  single.  The  attachment  to  the 
|)la(!enta  may  be  marginal  instead  of  central,  and  sometimes  the 
i)lood-vessels  spread  out  into  a  broad  marginal  atta(;hment,  with 
absence?  of  their  gelatinous  covering.  The  latter  is  termed  vela- 
mnifoit^  insertion. 

Abnormalities  of  the  bloo<l-vessels,  such  as  branching,  a  single 
artery,  two  veins,  etc.,  are  unimportant. 


Twissts  luul  kijfits  f)f  tlk^  con]  are  frequent,  and  may  stmugulati' 
the  cord  am!  stop  tlR-  eireulatian,  cansniir  tlt-atli  of  tht^  fetus, 

Thickeniii*^  of  the  intima  of  tlie  iimhilieal  vein  and  of  the  ad- 
vent it  la  of  the  arteries  is  probably  syphilitic  in  nature. 

CIRCULATORY  DISTURBANCES. 

HydrorrhCEa  gravidamm  is  a  eondition  in  whit^h  abundant 
sertjns  or  SHrnewliat  turbid  lupiid  is  seereteil  from  the  deei(hia\ 
The  eoniUtion  inxurs  in  wornc^n  sntrering  iVnni  general  unemia,  but 
is  probaldy  due  to  bieal  eonditions  within  the  ulerui?.  Abortion  or 
Diisearriage  is  not  nniisnal. 

Hemorrhages  fn>ni  the  deeifUia  or  into  ttie  deeidna  and  pla- 
centa are  not  infrequent,  HeiinnTbages  from  the  surfaee  may  be 
due  to  preceding  deeithia!  ilisease,  or  may  be  ol>seure  in  origin, 
Large  hemorrhages  may  eunse  ni[>id  tliseliargp  of  the  iiterinr  I'on- 
tents.  In  eases  c»f  that  aimctrnial  position  of  tlie  phieenta  eidled 
plaeenta  pnpvia  heujorrliages  are  frequent. 

Fleshy  moles  is  the  tenti  used  U>  designate  formations  in  the 
der^idnu^  ami  jilaeenta  resulting  from  graduid  henntrrliage  and 
destruetion  of  the  ovum.  The  heJOitrrliage  takes  plaee  in  the 
deci<lua,  and  tie  n  ^'Xti^nds  lietween  tlie  ehorionie  villi  into  tlie  fetal 
mendiranes,  wliieli  may  Ik-  more  or  k'ss  extensively  torn  apart. 
Irregular  ma^sen  of  elotted  blood  attached  to  the  phicentat  site  and 
to  the  eborion  are  diseovered*  The  an  miotic  cavity  contains  vis- 
cid tin  id  siud  the  ovum  is  more  or  less  completrly  disorgunize<l. 
Sometimes  no  reeognizable  rtnmants  eaii  l>v  t*ound»  Tlie  moles 
may  be  retained  a  long  time,  and  niay  undergo  sreondary  eah/a- 
reous  intiltnition.     I'snally  they  are  soon  disebarged. 

Placental  InfarctS--^This  term  is  applieil  to  liglit-eolored, 
more  or  h'ss  iudnniti'd  areas  met  witli  in  the  placenta*  decidme, 
and  som(*tinies  in  tlie  eliorioTh  The  nature  of  thes*'  ibrmations  is 
still  somewhat  uncertniiL  They  are  etanposcil  of  Hbrin,  of  retien- 
latcd  or  granular  ebaracter,  with  oeeasional  arean  of  softtning  and 
hemorrhagic  accumulations,  and  an^  not  rarelv  surrounded  by  a  zone 
of  cellular  infiltration,  8ome  of  these  "  wliite  infareth  *'  may  be 
only  ail  exaggeration  of  the  normal  coagulation-necrosis  cVecurring 
toward  the  end  of  pregnancy.  When  they  are  extensive  it  is  very 
probidde  tliat  they  represent  results  f>f  disturbiinces  of  eireulutioa 
claused  by  tliick^'uing  of  the  walls  of  ilie  blo4xl-vesi*els. 


INFLAMMATION, 

Inflammations  cjf  the  j^hieenta  (  yj/^frc^*///M),  of  the  chorion  villi, 
or  of  the  deeidna  {nulomitrifh  tlt'ritfifafis)  may  occur  in  assneiatiun 
with  preceding  diseases  of  the  uterus,  and  especially  in  cases  <*i* 
8Vphiii8  of  the  mother  or  fetus.  The  inilamnnition  takes  the  form 
of  cellular  infiltration  and   induration.     Tliis   may   begin   in  thn 
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clc'iVHliia  and  pxtend  to  the  j^laceuta,  and  niay  \w  of  a  difliise  or 
eiroynisrTibcd  rlianii'ter.  TIjo  villi  uf  tin-  pliii'OiitM  may  be  jL^reatly 
conipn\s.se<l  Ijy  tlie  iriflamrnatiiry  tJ,sHue,  nnd  oiay  suffer  i'atty  <le- 
geixeration  ai>d  atroj>liy.  In  otiier  (*a.ses  the  tiiflammatory  ehaiigea 
are  most  ])ronomK'ed  in  the  walls  of  thr  bl nod- vessels  and  around 
the  vessels  of  the  eiiorion  and  umbilieal  eord.  XrKlular  tliiekening 
or  diffuse  indumtion  results,  tlie  latter  especially  in  ease?  in  which 
coincident  involvement  of  the  ehoriijoie  villi  has  occurred. 

Diffuse  hyperplasia  of  the  decidua  is  sometimes  described  as 
endomeirllh  dcehlualh^  The  inHaiumatory  nature  of  such  cases^ 
however,  is  uueertain. 

INFECTIOUS   DISEASES. 

Tuberculosis  of  the  placenta  was  suspected  as  a  possible  con- 
dition long  before  positive  dtmuinstrdtions  were  made.  In  recent 
years,  hmvever,  a  number  of  undoulited  atst\s  have  been  described. 
Macros! "opieai I y  there  may  be  but  little  eluinge  in  the  appcuninee 
of  the  alfected  part,s. 

Small  tubercles,  contain hig  abundant  p[iant  cells  and  tubercle 
bacilli,  iirst  ajijM'ar  in  the  deeidua  serotina^  and  later  invade  the 
plaeentiil  and  chiu'ionie  tissues  between  the  villi.  The  epithelial 
covering  of  the  villi  uiidert^jes  hyi>erplasia,  forming  collections  of 
hirge  cells.  In  the  later  stages  of  the  pnxiess  caseous  nw*n:»sis  of 
the  tuben^ular  structures  takes  place,  and  the  villi  themselves  suf- 
fer invasion  and  degeneration.  Their  Idornl- vessels  are  im|nently 
occluded  by  hyaline  thmmbosis  and  proliferation  of  the  endothelial 
lining.  Tnl>erele  bacilli  have  been  demonstrated  in  the  vessels  of 
the  fetal  si«le  of  the  plaeeutii,  though  less  frequently  and  abund- 
antly than  in  the  maternal  vesst^Is. 

Syphilis  of  the  placenta  may  take  the  form  of  a  diffuse  hvper- 
plasiuj  or  nf  a  nodular  or  gummatous  priMx^ss.  The  placenta  is 
enlarged,  induratnl,  and  heavy;  it  is  tight  colored  in  local is'.ed 
areas  or  diffuselv,  Microseopieally^  cellular  proliferation  spring- 
ing fRJUi  the  adventitia  of  the  blood-vessels  is  the  characteristic 
feature.  The  epithelial  cells  covering  the  villi  may  proliferate, 
and  fatty  degeiu^ration  of  the  Iwdy  of  the  villi  is  not  infrequent. 
The  chorion  and  amnion  may  be  diffusely  thickened.  The  syphi- 
litic nature  of  cases  conforming  witli  the  above  description  is  often 
doubtful,  as  is  also  the  nature  of  some  of  the  cases  of  ulacentitia 
that  are  often  described  as  syphilitic. 

HYPERPLASIA- 

Occasionally  diffuse  or  circuniseribed  tfjickeniug  of  the  decidu® 
occurs  in  assiK'iation  with  chriun'e  metritis;  the  term  endomelrilk 
deciffuah's  is  anpliefl  to  this  condition  (see  InHammatiou). 

Placental  Polyps. — Portions  of  the  decidua,  and  especially^ 
the  placenta,  retained  in  the  uterus,  may  n^main  firmly  attaeheS 
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ami  raay  undt^rgit  8ul>,^ettn<'iit.  pmlifl^rative  chaiigo,  fornihig  Poly- 
poid tumors  of"  adpnoniatniis  strueturo.  These  are  partHnilarly 
frequent  after  abcirtinn. 

Destructive  Placental  Poljrps,— IJke  tlie  preceding,  these 
originate  in  retained  portiims  (if  tlie  jilaeenta,  but  differ  iii  the 
more  aetive  prtilifenitive  elianges  that  take  plaee.  On  tlie  uterine 
surface  they  are  covert*d  with  fibrin  and  blood-clot.s,  and  at  their 
attachments  are  corajwjsed  of  varionsly  tbrnied  eells^  including 
large  epithelinin-like  cells  encloneil  in  a  vascular  stroma.  The 
growth  may  inv'olve  tlie  uterine  tissues  to  a  (tonsidemble  extent. 
Its  nature  is  obs^jure  in  some  particulars^  but  resembles  that  of  the 
syney  tionia. 

Hydatid  moles  present  themselves  as  rounded,  ral her  trans- 
lucent bodies  banging  by  their  |K'diek'S  to  the  outer  surlace  of  the 
chorion  J  and  often  attaehe<l  one  to  another  in  dnsters,  resembling 
a  bunch  of  grapes.  Micros* topically  tliey  are  fouud  to  be  composed 
of  myxomatous  or  more  or  less  edematous  hbrons  tissue  containing 
few  cells  ami  free  nucleij  and  c<jvered  in  tht^  outer  surface  In*  epi- 
tlielial  celk  (Fig.  32i>),     The  nature  of  the  hydatid  mole  has  been 
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the  subject  of  some  controversy,  A^irehow  taught  that  they  are 
simply  myxomatf»us  hypertrojihied  chorionic  villi.  Jlore  recent 
investigators  have  found  evidences  of  aetive  hyperplasia  of  the 
sui>erficial  epithelium  of  the  chorion  villi,  with  geeondary  degen- 
eration, edema,  and  necrosis.  This  aeconnte  for  the  fact  that 
sometimes  the  moles  extend  deeply  into  the  deeidua,  and  even 
into  or  thmugh  tlie  muscular  wall   of  the  uterus. 

Hydatid  nmles  are  es|)ecially  met  with  in  women  suffering  from 
chronic  constitutional  diseases  (uephritis,  anemia)  and  in  those  be- 
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coniinjL:^  jirf^frnant  lute  in  life.  Endometritis  scpitis  to  bear  some 
relation,  tl»>iif2:h  tlip  diseai^e  i?  evidently  one  of  the  fetal  rather 
than  niatornal  ti?isnes.  Thi^  is?  shown  l>v  the  limited  extent  of  the 
diHeafie  in  some  ease?*,  and  by  the  fact  tliat  in  twin  pre^naney  the 
memhniTies  of  only  one  of  the  fetuses  may  l>e  nffeeted,  ^Vhen  the 
disease  is  extensive  deatti  of  the  fetus  usually  results,  and  the 
moles  are  disehurgcil  in  the  form  above  de^seribwl,  *>r  enclosed  in 
clotted  blood, 

Syncytioma  Malignnm. — The  nature  and  jieeuliarities  of 
this   condition    have    been   sufficiently  described  (see  page  189) 


THR    VULVA. 

WOUNDS. 

Injuries  of  the  vulva  frequently  o(*eur  during  lalior  Lacer^J 
tion  of  the  fourehette  is  very  common,  ami  in  a  considerable  pr 
portion  of  eiises  more  extensive  tears  exteuiliu^  into  tlie  perineal 
iMxIy,  and  sometimes  through  this  into  the  rectum,  are  observed. 
ProlongtH^  pressure  and  contusion  during  labor  may  occasion 
hemorrliages  into  the  tissues  of  the  vulva. 


CIRCULATORY    DISTURBAINCES. 

Active  hyperemia  is  met  witii  in  aeute  inflammations. 

Passive  hyperemia  and  edema  (wenr  in  conditions  in  which 
there  is  general  venous  stasis,  as  in  t^ardiat*  or  pulmonar}*  diseases. 
They  are  also  met  witli  in  pregnancy.  The  vulva  is  dark  red  in 
color,  sometimes  cyauotie  ;  the  snlK^utaneous  and  submucous  tis- 
sues become  (Hlcmatous,  antl  in  consequence  tlie  laliia  majoni  may 
swell  enormously. 

Hematoma  of  the  vulva  is  caus*^!  by  eomjiressiou  and  contu- 
sion of  the  vulva  during  parturition,  or  less  frequently  at  other 
times.  Variet>sity  of  the  vehis  is  a  predisposing  cause  of  import- 
ance. Considerable  masses  of  blood  (*'  thr»iml*i ")  accnmnlate  in 
the  submiirotis  tissues  of  the  vulva  and  vagina.  These  may  be 
subse<jnently  aljsorlied,  or  they  uniy  diseliarge  through  the  skin  in 
consi'tpience  of  sup<Tti«'ial  ulcerations  and  ruptures.  Infection  of 
the  thrombus  may  cause  abscess  of  the  labia  or  other  affected 
parts. 

INFLAMMAXrON. 

Acute  catarrhal  inflammatioti  results  from  the  same  causes 

as  occ4isiiin  aeuU*  vaginitis.     The  {jfithotogic  appeanmces  are,  in 
gcnerab  the  same,  though  edematous  swelling  is  likely  to  l)e  more 
marked.      Distention  of  the   glauils  of  Bartholin  an*l  secondary 
abscess- formatiou    in    these   glands    are    common    cunditions    in , 
gonorrheal  vulvitis. 
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Chronic  inflammatioB  sometimes  follows  acute  vulvitis. 
(  onsiderahlf  hyperpliisiii  of  thr  mucosii  is  sometimes  the  result. 
EroBions  and  ulceniiions  are  les,'^  friMjueMt. 

Phlegtiionotts  inflamuiatioii,  or  abscess,  of  tlio  sub- 
mucous tissue  of  tin*  laljia  majora  .sometimes  n'siilts  froui  exten- 
sion of  a  similar  process  in  the  adjacent  parts^  or  may  be  the 
direct  result  of  injuries  and  lieriiatoma,  with  serondarv  infection, 

INFECTIOUS  DISEASES. 

Diphtheria  somt^times  attacks  the  vulva,  especially  in  puer- 
peral women*  The  paihologi*?  conditions  are  similar  to  those 
observed  in  nth^T  muccujs  nn^mbranes. 

Tuberculosis  nuiy  wvur  in  the  form  of  lupus.  The  lesions 
are  irregular  ulcers  with  elevated  edges  ami  more  or  less  necrotic 
bases. 

Syphilis,— Chancres  are  met  \\  ith  on  the  sides  of  the  labia 
and  eLsc\vheit\ 

Chancroids  occur  in  the  Siime  situations  as  chantrres.  Very 
id'ten  opjKisitc  sides  of  the  vulva  are  involved  by  attrition. 

Gangrene  of  the  vulva  may  hv  the  conse(|ueiK'c  of  severe 
contusions  or  luHammations  occurring  iit  the  course  of  various 
infectious  diseases. 

TUMORS. 

Pihroma,  fibromyxotna,  and  myofibroma  arc  fx^casion- 
ally  met  with  as  nodular  tuiofirs  or  polyps  arising  from  tlie  lal>ia 
majoni.  I#iponm  and  sarcoma  may  present  a  similar  nuierc>- 
seopic  ap[>eamnee.     All  of  tliese  growths  are  nire, 

Slepharttiasis  vulvae  is  a  not  ini"rei|in*utaHrcti(jn,LS|>eeially 
in  e^astcrn  and  tropical  count  lies.  It  may  be  due  to  congenital 
dilatations  of  tlie  lymphatic  channels,  or  to  lymphangiomatouB 
tumor-growths.  More  fretjnently  ele|rhantiasis  is  caused  by 
inHammatiiry  cijnditions  that  oeeasitm  t^listrni-tion  ti>  the  flow  of 
the  lymph.     In  some  instances  the  etiology  is  very  obs(nire. 

Pathologically,  eh'phantiasis  ecmsists  of  a  thickeuing  of  the 
subcutaneous  connective  tissue,  with  more  or  less  involvcnu^nt  of 
the  skin  as  well,  Tlie  dis<^ase  may  begin  in  the  cliturJs,  or  in  one 
or  other  of  the  labia,  and  may  be  confined  to  the  part  primarily 
affV^eted,  or  may  extend  to  other  parts.  Tlie  aflfected  portions  are 
i  tough  an<l  edematous  ;  tlic  skin  is  tightly  boutul  to  the  subeuta- 

^L  ncous  tissue.  The  surface  may  l>e  irregularly  elevated,  but  in 
^B  other  eases  is  sm<M>tli,  Suj>erficial  ulcers  niay  occur,  and  some- 
^P  tinu^s  the  dilated  lymph-channels  conimunieate  with  the  surface, 
^^         discharging  lymph  (lymphorrhea). 

[  Papillomatous  tumors   are  not   infrequent    in    syphilitic 

^K  women  in  the  form  of  elevated  condylomata.  A  somewhat 
^M        analogous  condition  (jf  obscure  etiologj'  is  that  termed  caimncle. 
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It  presents  itself  as  a  papillomatous  and  highly  vascular  elevation 
at  the  meatus  of  the  urethra. 

Adenoma  arising  from  the  glands  of  Bartholin  has  been 
described. 

Cardnoina  is  uncommon.  It  most  frequently  arises  from  the 
clitoris,  but  may  affect  any  portion.  Glandular  cancer  may  begin 
in  Bartholin's  glands. 

Cysts  are  quite  frequent.     Small  retention-cysts,  containing 

f>ultaceous  (atheromatous)  matter,  are  s^>metimes  met  with  in  the 
abia  majora.  Larger  cysts,  containing  serous  or  somewhat  blood- 
stained liquid,  may  result  from  hematomata,  or  may  be  lymphan- 
giomatous  in  origin.  Hydrocele  of  the  canal  of  Nuck  has  the 
superficial  appearances  of  a  cyst  of  the  labia.  Retention-cysts  of 
Bartholin's  glands  have  been  referred  to  above. 

THE  PENIS  AND  SCROTUM. 

CONGENITAL  ABNORMALITIES. 

Absence  of  the  penis  is  rarely  observed  ;  more  frequently  it  is 
abnormally  small,  resembling  the  clitoris  of  the  female.  Occasion- 
ally the  organ  is  doubled,  each  half  containing  a  duct,  one  for  the 
discharge  of  urine,  the  other  for  seminal  fluid. 

Hypospadias  is  the  condition  in  which  the  urethra  terminates 
in  an  orifice  on  the  under  surface  of  the  penis,  in  the  pendulous 
portion  or  at  the  bulb,  or  occasionally  at  the  root  of  the  scrotum 
or  in  the  j>erineum.  EputpadiaJi  is  a  less  frequent  condition  ;  the 
urethral  orifice  in  this  case  is  found  upon  the  dorsal  side  of  the 
organ.  Excessive  length  of  the  prepuce  is  a  frequent  abnormality ; 
there  may  be  associatml  with  this  stenosis  of  the  preputial  opening, 
so  that  the  glans  penis  cannot  be  exj)osed  (phimosij<). 

INFLAMMATION. 

Inflammation  of  the  mncons  membrane  of  the  glans 
penis  (haUnutis)  and  of  the  prepuce  (posfhitis)  is  not  infrequent. 
Among  the  more*  frequent  causes  are  uncleanliness,  with  decompo- 
sition of  smegma  retJiinwl  beneath  the  prepuce,  irritation  by  the 
urine  in  cystitis  or  other  inflammatory'  diseases,  gonorrheal  infec- 
tion, and  chan(?roids.  The  mucous  membrane  becomes  swollen 
and  red,  and  considenihle  purulent  exudate  may  be  discharged. 
Edematous  swelling  of  the  pre])uce  is  frequent,  and  may  cause 
inability  to  retract  the  prepuce  over  the  glans  (phimosis).  In  other 
cases  the  pre])ucc,  previously  drawn  back,  l)ecomes  so  tensely 
swollen  that  it  cannot  be  pushed  forward  to  its  normal  position 
(  paraphimosiH), 

In  catiirrhal  inflammation  of  the  prepuce  there  may  be  associ- 
ated retention-cysts  of  the  mucous  glands.  The  cysts  may  rupture, 
causing  small  ulcerations. 


DISEASES  OF  THE  REPROnUCTtVE  ORGANS. 


741 


Ittflammation  of  the  cavemotiS  todies  may  result  from 
traoinalism,  nr  inm)  extotjsion  of  jL^<nii>rrlu'al  urethritis,  :nirl  iiijiy 
fioraednies  occur  in  infectious  diseases,  sueh  as  small-pox,  pyemia, 
ete.  The  penis  swells  consitlenihly,  anil  ahscessesor  diffuse  puru- 
lent indltmtiou  may  result,  lu  trauniatie  cases  with  hemorrhagic 
exudation  necrosis  or  gsingrene  may  result*  In  case  of  favtu'able 
termination  after  severe  iuflamnuitious  eieat rices  nuiv  be  formed. 

INFECTIOUS   DISEASES. 

Syphilitic  chancres  and  soft  chancre  or  chancroid  are 

fre<piently  hx'ated   upon    the  prepuce  or   its  fremim^  or  upon   the 
glans  penis  (the  lesions  t\TV  desrriljeil  in  Part  L), 

Tuberculosis  is  a  rare  co  nil  it  ion  in  this  situatioo.  It  has 
been  met  with  in  tlie  ibrm  of  neeri^tie  iilccnitions.  It  is  very 
likely  tliat  direct  infection  of  the  peuis  may  occur  during  coitus 
with  a  woman  who  haci  genital  tulK^rculosig, 


TUMORS. 

Papilloma^  or  condyloma  acuminatum,  is  not  infrequent 
on  the  glans  penis  and  prepuce.  Snuu-tiuu  s  it  has  a  distinctly 
inflammatory  origin,  occurring  ir^  association  with  gonorrhea, 
syphilis,  or  other  Jorujs  of  local  irritation  ;  in  other  eases  it  origi- 
nates without  diseo\ era ble  cause.  There  are  usually  stneral  or 
nmny  waity  elevations,  anil  fw-easionally  a  mass  of  warts  h 
aggregated  in  a  cauliflower  fasliion.  MieroHeopicuHy,  condy- 
lomata are  composcil  of  a  stmma  of  vascular  eiiunectivc  tissue 
covered  with  scjuanuius  <  |)ithelium.  The  cauliflower- form  may  be 
distinguished  from  ejiithclimua  Ijv  (observing  that  thc^  umcous  meni- 
brane  is  not  infiltrated  aiul  is  movalde  upon  tlie  underlying  tissues. 

Carcinoma  {epithelioma}  cjf  the  penis  may  arise  from  the 
glans  or  from  thr  j>repnce.  It  may  present  itself  as  an  infiltrating 
growth  with  a  teudeucy  to  ulccratiitn,  (jr  as  a  papillomatous,  <'auli' 
flower-like  growtli.  In  the  latter  cnse  it  is  probable  that  the  pri- 
mary growth  was  papillomatous,  with  second  a  r}'  carciunmatoug 
association,  or  that  the  original  tumor  was  earein(unat(uis,  followed 
by  [xq>illomatous  outgrowths,  ionsidendue  tlestrnction  of  the 
glans  penis  may  o*x'ur,  and  metastatic  nodules  are  freipicntly 
formed  in  the  inguinal  glands. 

Epitlielioma  of  the  sen^tum  is  eompanitivcly  frequent  in  chim- 
ney-sweeps and  parailiu-workers. 

Elephantiasis  of  the  scnjlum  is  a  comnum  disease  of  the 
East.  The  scrotum  may  be  enormously  enlarged.  Some  cases 
arc  due  to  filuriasis  :  in  otlier  cases  filaria:*  cannot  be  demonstrated. 
Somewhat  similar  thickening  of  the  j>repuce  is  a  rare  comlitiou. 

Cysts. — Small  cysts,  due  to  <K*clu.^ion  of  the  glanrls  t*f  the 
mucous  membi-ane  aiul  of  the  skiuj  are  iK»casi(jually  met  with  un- 
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der  tifee  pcepnae  and  IB  diie  sCfQCmL  ]>»i»>id  <£ysis  of  ^  scmcnin 
mie  occaaooallr  ofas»T«dL 

UpoaaakM^  sngkMBflta,  and  fihrniiti  :tir  ni^  foaia.  o€ 
nmiors  of  the  pmitrw 

Concretioos  bmoik  tke  pcvpoee  n*$ah  fincoi  phiflM^  vith 
letentioo  o€  tke  gim^wii  Soawcmie^  the^  inevem&e  hj  ^nMMstMnt 
aflditiijfts  ancil  they  mdi  o(M»denMe  :«i2i^  •  :^.«>  st-il  Id  one  cmse 
umier  my  •ibsefirmya  p^ftr  tophi  in  tike  pn^fmri^  S*^^^  ^  die 
of  a  smaJl  hemoii. 


HAWES  OF  THE 

Direct  tmiiuti=m  waax  iKCksvm  ^mcns^  boeiatioii  <if  tlie  ^-or- 
pxa  cmveffi»>sii.  €<pectiUy  when  tite  peiii>  t^  efvct  at  tiie  time  of 
injarr.  Coorsidefable  beniMtiluieie  extnrafcsitioii  hut  o(«nir«  and 
inAunmanoQ  or  evvn  iieen}i«t>  SBd  gai^T«iie  may  enesoe.  Fricuife 
of  the  penis  £:^  a  term  applied  to>  ivpciue  of  the  fibiuo^  tcapgnW  of 
the  cavempMs  bcMiiesL  Both  thi^  and  Ilesl^  extensive  fawefadons 
oeca?ioQ  gr^at  hemorrhagK  svelliBgr.  with  sok^^oent  inllaiiutta- 
tioo  or  necnx^i^  Injuries^  to  the  penk  may  cause  mpiur^  of  the 
methra.  with  extiavasatioo  of  urine. 

THE    TESTICLES. 
CaSf&ESSTAJL  ABSOttMAUnES. 

Absence  of  tme  or  both  tcstieles  is  a  lai^  conditiiYi.  Mot^  fre^ 
qnently  the  or^ran  is  kwp^adity  remainio^  undeveloped  throvh 
life. 

The  moi^t  frequent  coi^enital  abnormality  is  rr  jjrfni  i  ti  wm  w^ 
the  comliti^xi  in  which  one  or  both  tes&cIe^  remain  In  the  abdomi- 
nal  cavity,  in  the  ingaiml  canal,  or  elsewhere  in  the  tract  throng 
which  n«>rntil  descent  •xvar?w  The  unde^^vnJ^d  testicle  mav  de- 
5*?enJ  at  or  before  paberty,  or  may  remain  fixed  in^its  abiKhrmal 
pi>^itioa.  In  the  laner  case,  especially  if  the  testicle  is  in  the 
in2:ainal  canal.  secon*lary  inflammatiou  i>r  atn>phy  mav  oeeur. 
Slight  dt-f^?ts  in  the  development  of  the  testicle  are  not  inlre^ 
quent,  bat  ane  unimp>rtant. 

A-reOPtn'  AND  HYPERTIW)PHY. 

Atrophy  may  fJIow  any  form  ^oi  indammati«xi  of  the  testicle 
or  epiilidymL-.  such  a-  th«>se  occurring  after  gi»n«*rrhea,  nmmpk-s 
and  other  inf^"ti«>us  diseases  or  traumatism.  In  •>ther  ii^tences 
pressure  up>n  the  «»njan,  as  in  hydnx*ele,  tumors,  etc  is  the  cause 
of  atn>phy.  The  most  tVequent  form  is  that  which  oivuis  as  a 
natural  process  of  involution  in  old  ag^^  ^^fkih  atnopk^Y 

The  testicle  decreases  in  sixe,  increases  in  hardne^  from  over- 
growth of  cnnnective  tissne,  and  is  usually  more  pigmented 


ill  health.  Miei*o>scopicalIy  the  seminal  tubules  arc  luuml  to  have 
undergone  fatty  degt^neratron,  and  contain  fatty  d^hriw  and  blo<jd- 
eorpuseles. 

Hypertrophy  i>f  (me  tcj^tii'Ie  may  (x*cnr  as  a  compensatory 
procesri  in  cases  of  iliscase,  atropliy,  or  removal  *if  ils  tellow. 
Hypcrtmpiiy  nf  this  surt  lias  l>ccn  pmchieed  cxpcrimcjitally  in 
animals.  The  seminal  tulndcs  increaise  in  size,  but  are  otherwise 
norma  h 

DEGENERATIONS. 

Fatty  degeneration  is  iVenuently  dbservc*!  in  tcst^^s  snb- 
jcctc<l  to  pressure  throngfi  tuniiirs  or  otlitT  patfjuli^jfic  conditions, 
and  in  casrs  of  atrophy  of  tht'  testicle  fVuni  any  cause.  'The  cjji- 
thelium  of  the  tnbulcs  is  attacked,  and  may  be  ciKmpletcly  df- 
stroyc<l,  with   production  of  fatty  detritus. 

Myxomatous  degeneration  occurs  in  various  tunmrs  of  the 
testis  ami  in  ^uouiiata. 

Calcification  may  aifect  ohl  inflammat(»ry  deposits,  especially 
those  of  tlie  epididymis. 

Caseation  is  a  frequent  cimdition  in  tnl>erculous  and  sypliilitit* 
lesions  ;  and  abscesses  may  undergo  a  process  of  iuspissatiim,  w^ith 
formation  of  dry,  ea&eoiis  materiab 

CIRCULATORY  DISTURBANCES. 

Active  hyperemia  of  the  tt^stis,  cpi<lidymis,  and  especially 

of  tbt^  membraues,  m-rurs  in  association  with  acute  inflammations. 

Passive  hyperemia  is  caused  by  pressure  ujuju  the  veins  or 
<liseas(*  of  the  veins  (varii'osity).  The  testis  and  t^pididyniis  bc- 
conir*  swoOen  from  ediMua,  and,  if  the  hyperemia  ptrsists,  iatty 
dcgcnenitirui  and  atrophy  may  residt.  S{*n*us  ctTusicm  into  the 
tunica  vatrinalis  {hf/droeth'}  may  occur,  but  this  condition  is  more 
frequently  inflammatory  (see  page  745). 

Embolism  <jf  the  spermatic  artery  may  fM-casion  licmorrbagic 
iniarctiun*  frilb^wcd  by  necrosis  or  gangrene  of  the  testis.  Tbis 
sei|uencc  has  liccn  ribscrvcd  in  a  fvw  rases,  ant!  bns  Ireen  prn\'cd 
experimcntallv.  iSunetinies  gnni^rcne  seems  to  be  caused  by 
phlebitis  of  tlie  pampiniform  plexus. 

INFLAMMATION. 

Inflanmiatir^n  may  involve  the  testis  {orchUis)^  the  epididymis 
{epifh'ffipnifh),  or  the*  tunica  vaginalis  (lytghiith  tfMh), 

Etiology. — Trainnatism  is  a  fr*Mjuent  factor  in  the  etiology, 
and  (*auses  iuHaouuatiou  of  tbi'  epididymis  and  mem ii nines  more 
frt*t|ucntly  than  of  tlie  testicle  itstdf.  Blows,  bruises,  and  contu- 
sions are  the  usual  conditions  that  cause  this  form  of  inflammation. 

In  another  tjroup  of  (^ases  tlu:*  irritants  are  mir^iTj-organisms 
conveyed  through  the  bluod,     Thu.s  in  typhoitl  fever,  tuberculosis, 
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pneumonia,  and  various  forms  of  septicopyemia  the  specific  organ- 
isms have  been  discovered  in  the  areas  of  inflammation.  Similar 
inflammations  occur  in  mumps,  scarlet  fever,  syphilis,  and  small- 
pox, and  are  doubtless  caused  in  the  same  way,  though  the  spe- 
cific organisms  are  unknown.  In  these  cases  the  testis  is  more 
frequently  affected  than  the  epididymis. 

In  a  third  group  of  cases  infection  occurs  through  the  vas  deferens, 
and  the  epididymis  is  affected  first  and  often  alone.  The  most 
frequent  infectious  agent  in  this  group  of  cases  is  the  gonococcus ; 
but  other  micro-organisms  may  enter  the  vas  deferens,  reach  the 
epididymis  and  cause  inflammation,  in  other  diseases  of  the  bladder 
or  urethra,  or  after  operations  upon  these  parts,  such  as  crushing 
vesical  calculi,  cutting  urethral  strictures,  and  the  like. 

Pathologic  Anatomy. — Inflammations  of  the  different  parts 
may  be  separately  considered. 

Acute  Orchitis. — In  acute  orchitis  the  testis  is  swollen  and  more 
or  less  e<lomatous  on  account  of  inflammatory  exudation.  Micro- 
scopically the  striking  feature  is  roimd-cell  infiltration  of  the 
intertubular  tissues.  This  may  be  diffuse  and  uniform,  or  may 
occur  in  cin^umscribetl  areas.  The  latter  is  especially  common  in 
the  orchitis  of  variola  and  pyemia.  The  round  cells  may  infiltrate 
the  walls  of  the  tubules,  anil  may  be  discharged  into  the  tubules 
in  great  numbers.  At  the  same  time  the  epithelial  cells  may  suffer 
degeneration  and  desquamation.  Intense  orchitis  may  lead  to  the 
formation  of  abscesses,  single  or  multiple.  These  may  sub^ 
quently  undergo  complete  absorption,  or  may  become  inspissated 
and  encapsulated,  the  contents  of  such  a  focus  consisting  of  fatty 
d(»tritus  and  cholesterin.  In  other  cases  the  abscess  may  rupture 
externally,  and  occasionally  granulations  springing  from  the  tunica 
albuginea  or  the  testis  may  protrude  through  the  opening.  The 
t(Tm  hcuu/n  fun(/iui  is  applied  to  this  eoiulition. 

Chronic  orchitis  usually  results  from  the  acute  form.  The 
inflammatory  changes  of  the  intertubular  tissues  gradually  lead  to 
induration,  and  the  testis  becomes  hard  and  contracted,  the  con- 
nective* tissue  and  septa  being  increased  in  density,  the  tubules  at 
the  same  time  suffc'ring  degeneration  and  atrophy.  In  cases  fol- 
lowing acute  suppurative  orchitis  the  tissues  surrounding  the 
inspissated  abscess  !)ee()me  sclerotic,  and  the  tubules  are  in  large 
part  or  wholly  destroytHl.  Small  nodular  areas  are  discoX*ered  in 
such  cases,  and  on  section  these  an^  found  to  consist  of  a  dense 
wall  of  fibrous  tissue  enclosing  thickened  pus  containing  fattv 
detritus  and  cholesterin.  The  membranes  surrounding  the  testis 
are  usually  thickened  and  united  by  adhesions. 

Chronic  orchitis  without  a  d(»finite  antecedent  acute  stage  is  a 
frequent  result  of  syphilis  (see  page  747). 

Acute  epidid3nniti8  occurs  wlien  infective  agents  have  reached 
the  epididymis  through  the  vas  deferens.     There  is  tense  swelling 
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of  the  epklidyniis,  iiml  not  mrely  iisscieiatt'd  inflammation  with 
^^roiis  exudation  in  t!ie  tunica  vaginalis.  The  te.stis  is  not,  iis  a 
rule,  involved.  The  process  begins  as  an  aente  catarrhal  inflam- 
mation of  the  tubules  of  the  epitlidyniis  ;  later,  cellular  inliltni- 
tion  iiml  tH'rasi*inally  abseess-fiU'niatiuJi  occur  in  the  inteilubular 
connective  tissues.  The  inflammati<ni  is  sHUietinn-N  eomiiletely  re- 
solved, lint  in  other  cases  flhrous  thi(*keiiing,  fliftVise  or  nodular, 
results.  Inspissiited  abscesses  surniuntled  by  fibrous  tissue  are 
sometimes  si 'en,  as  in  orehitis.  The  epitheliimi  of  the  tubules 
enibeihh'd  ifi  the  new-formed  flbrous  tissue  niay  undergo  a  cer- 
tain amnruit  (*(  proHlcration,  suggesting  the  a]i]iearanc*e  of  ade- 
noma or  cancer.  The  vas  deferens  nuiy  be  pcrmam'Titly  ol>- 
structed,  and  the  tulrulcs  nn  the  proximal  side  a  ltd  in  tlie  testis 
may  undergo  eystie  distention.  Exteui^ive  epididymitis  very 
commonly  iiiuses  atrophy  of  the  testis. 

Yagiiiitis  testis  and  periorchitis  are  terms  applied  to  inflamnui- 
tion  of  the  tunica  vagiuidis  testis.  This  condition  i:^  usually  the 
rt^sult  of  orehitis  or  epididymitis,  but  may  sumetinu's  occur  as  a 
primary-  inflammation  resulting  from  tmuniatism  or  other  lurmsof 
irritation. 

The  tunica  vaginalis  is  a  rejection  of  the  pritoneum,  and  in- 
flamnuitory  conditions  arising  in  it  regemble  those  of  the  abdomi- 
nal peritoneum. 

SerouB  or  serofibrinous  vaginitis  testis  is  the  ni(*st  frccjuent 
ibrm.  This  may  be  acute  or  chronic,  and  is  eharacterizcd  by  the 
accumulation  of  sniall  or  large  collections  of  serous  liquid.  In 
slowly  develo[»ed  eases  the  quantity  of  liquid  may  l>e  one  or  two 
liters.  It  may  be  clear  serum,  but  often  contains  flakes  of  flhrin, 
or  leukocytts,  antl  is  snnu  tinu-s  retldish  froui  the  presence  of  red 
bleKx!-<x>rpuseles.  Suuctinus  the  li(|uid  Is  milky  or  turhitl,  and 
contains  fat-droplets  and  eholcsteriu-erystals.  A  ^"liyhius  variety 
occnirs  in  tropical  cnuntries,  and  i^  probably  caused  by  the  Filaria 
ganguinis  honunis. 

Htffh'ffceh'  is  the  ttrm  used  in  <lcsignate  efliisions  of  these  sorts. 
S^mietinu^s  the  liquid  contains  spermatozoa,  when  the  term  hydm- 
trh'  .*flirnuafiea  is  ajtplicd.  T\n>  etaiditiun  is  due  to  the  esca]ie  of 
spermat^tzoa  from  iniprojicrly  develf^pcd  spermatic  tubules  cu*  from 
nqvturcil  cysts  of  the  epididymis  or  testis.  In  eertiiin  eases  it  is 
diftieult  to  distinguish  hydrocele  *ipernmtiea  and  spermatocele  (see 
page   720). 

When  livdroeele  persists  the  timiea  vaginalis  undergoes  liyper- 
plastie  tiiii-keuiug,  and  small,  wart-like  elevations  may  lie  fbrmed 
(periorchitis*  pruiiffTft).  These  nodules  nuiy  bceonH:  st^paratt^l  and 
n^nain  in  the  sac  as  free  lifKlies,  like  thos^-  in  the  joints.  Another 
result  of  the  secondary  inflan^matory  eliauges  in  th*'  memlirane  is 
adhesion  of  the  re  tie  x  ions,  causing  a  bilocular  or  niidtilocular 
hydrocele. 
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When  tho  canal  connectititz:  the  sac  with  the  jjeritoneal  cavity 
ha.s  retiiaiim!  putuloii:?  tlie  Hiitd  of  hydrocele  may  be  pressed  into 
the  abdominal  ovity.  The  term  hydrocele  proc€8mi8  vaginalis  is 
i»pplie<l  to  such  ca-ses,  and  the  term  hydrocele  funimdi  ftpermaiici  to 
BLses  in  which  only  the  upper  j>art  of  the  vaginal  <_*anal  Ls  patulous 
and  filled  with  liquid.  Hydrocele  J  uniev  It  cystica  result^  from  col- 
lections of  Hoid  in  the  middle  j>ortion  of  the  canal,  the  upjKT  and 
lower  endri  bein<i;  oblit-enited. 

Purulent  vaginitiB  teetis  occurs  in  association  with  epididy- 
mitis and  orehitif?,  and  jiomctimcj^  primarily  atler  traumatism.  An 
ordinary  hydrocele  may  be  converted  into  a  punileut  collection  by 
puncture  with  infected  instruments.  The  sac  is  mon?  or  less  dis- 
teuded  with  purulent  liquid,  and  the  surface  of  the  membrane  is 
covered  with  fibrinopurulent  exudate.  The  pus  may  discharge 
ext€*rnally,  or  may  become  inspissated  ;  and  extensive  adhesions 
may  obliterate  the  sac. 

Hemorrhagic  Vaginitis  Testis.^In  severe  acute  inflammations 
the  exudation  may  be  more  or  h»ss  hemorrhagic.  I^Ir^n^  distinctly 
heraorrhatric  forms  of  inHammation  n*sult  from  traumatism  ;  in 
these  cases  there  is  first  extra vasatit»n  fd' bliMwl  and  then  inflamma- 
tion.  The  sac  may  be  lined  with  fibrinous  and  hemorrhagic  iJe|x*s- 
its,  and  the  membrane  becomes  thickeiUHl.  In  the  tenninal  stages 
considerable  thickening  and  sometimes  calcification  of  the  tunica 
vaginalis  are  rJiserved. 

Inflatmnation  of  the  vas  deferens  may  l>e  ass<H*iated  with 
epididyu)itis  t*r  orchitis,  or  mny  occur  independently  in  castas  of 
diret^t  traumatism.  In  syphilitic  diseasi^  of  the  t<*stis,  and  less 
commonly  in  other  forms  of  orchitis,  the  vas  deferens  may  be 
greatly  thtckcu<^(L 


INFECTIOUS  DISEASES. 

Tuberculosis  is  most  frequent  in  the  epididymis,  but  may 
involve  the  testicle  as  w*ell.  The  infection  occurs  in  one  of  two 
ways :  either  through  the  vas  deferens,  in  consequence  of  tuber- 
culosis of  the  prostatas  seminal  vesicles,  t>r  bladtler;  or  thi-xiuifli 
tlie  circulatiiin  in  cjises  of  pulnionarv  or  other  forms  of  tubcrcu* 
Icjsis.  It  has  [>een  shown  that  tuljerclc-baciUi  are  discharpHl  fh»m 
the  body  in  tlic  seminul  fluid  in  cases  of  pulmonary  and  other 
forms  t>f  tuberculosis  ;  and  when  hx'al  conditions  predispose  tuber- 
culous infection  of  the  epididymis  may  occur.  Gonorrheal  epidid-- 
ymitis  seems  to  constitute  such  a  hx-al  predisposition.  Primary 
hematogenous  infection  of  the  epididymis  seems  to  occur  in  rare 
ees. 

In  cases  of  infection  thnmgh  the  vas  deferens  there  are  formed 
in  the  walls  of  the  tubule  of  the  epididymis  small  tubercular  masseSi 
which  rapidly  increase  in  size  and  run  together,  forming  caseous 
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areas  of  considerable  size.  FiirtJier  invasion  occurs  along  the 
lympliatic  ehanneln  and  the  tubule,  and  rapid  involvement  of  a 
coasidcndile  part  of  the  epididymis  ivhuHk  (Fig.  330).  The  tub- 
nle  surrounded  by  tuberculous  tissue  may  become  filled  with  des- 


FlG.  330.— Tube rculoflLs  of  the  epididymis  ami  testicle  {mcxllfled  from  BoIliQeer). 


qiiamated  epithelium  and  puriform  or  ejuseous  matter,  m\A  niay  be 
dilated  in  a  eystic  tbrni.  Exten.siun  to  the  tes*tiele  may  (jeeiir,  but 
is  unusuaL 

Associated  serous  or  serofibrinous  vaginitis  testis  is  not  infre- 
quent;  and  in  some  eases  the  tubenadous  disease  itself  extt^ndii  to 
the  testicular  envelopes  and  causes  n*Kluhxr  elevations,  or  uleem- 
tions  aud  fistulous  enniuiunieations  with  the  surfaee. 

Heniatogeuous  tnb(^reulosis  of  tlie  epididymis  is,  in  the  fi I'st 
place,  of  the  miliary  form  ;  but  the  tubercles  grow  rapidly  and 
caseous  nodules  are  rapidly  formed . 

Tuberculosis  of  the  vas  deferens  may  be  secondary  to  tubercu- 
losis of  the  seminal  vesicles  and  bladderj  nv  of  the  epididymis. 
It  is  <*hara<'terized  liy  caseous  swelling  ol'  the  walls  of  the  duct 

Syphilis  is  uot  iiifretpKiitly  seen  in  the  testiele  in  the  late 
stages  of  acquired  syphilis  luid  in  eougcnital  syphilis.  The  epi- 
didymis ami  the  membranes  are  sccotalarily  iuvolve<l.  Two 
forms  may  be  distinguished.  Tlie  more  fn-qnent  is  that  in  which 
diffuse  indimition  of  the  testiele  0(*t*urs ;  in  the  less  frequent 
variety  there  are  eircumserihetl  guiumata.  In  the  diffuse  form 
the  organ  is  more  or  less  unifiu^udy  indurattHl,  and  on  section 
dense  brnds  of  fibrous  tissue  irre  ronspicuous.  The  tubules  suffer 
compression,  degtnieratiou,  and   atropfiy,  and  sometimes  become 
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converted  into  choesy  foci.  Tlie  guniiiiata  Imve  the  usual  translo- 
cetit  or  ehee^^y  ap])earunc<?.  Wlifn  tlie  nienibnines  are  iq  vol  veil 
diffuse  thiekeiiing  oecurs ;  and  in  rare  cqjmia  the  disease  extends  t^j 
the  skin,  eausing  sii|MTHeial  ^'^ra nil latlons  (sifphUifk'  fu/if/uj<).  The 
vas  detc-rens  is  ot'teii  greatly  thiekrned,  as  are  also  the  walls  of 
the  Iflood-VL'ssL'ls  of  tlie  testis  and  epididyinis. 

I^epra  of  tlie  testis  micasioris  notlntar  lesions  and  preseiire- 
atropliy  of  the  tiibnles.  Lepra-eells  eoutaining  Imeilli,  as  well  as 
free  baeilli^  occur  in  thn  tubules  in  abnndance.  This  fact  is  im- 
portiint  as  indicating  a  possible  mode  of  transmission  of  the  diseiise. 


TUMORS. 

Fibroma  is  occiisiiinally  observed  in  the  rete  testis  and  tiniiea 
albnginea  a,^  a  small  n^xlnlar  tumor. 

CllOtldrotiia  is  rare.  It  may  occur  in  t!ie  e]iiilidyinis  or  rete, 
as  a  single  node  or  as  multiple  small  nodules.  ^lore  frequently, 
small  cartilaginous  an*as  are  Ibund  in  earei noma ta  or  other  tumors 
of  tlie  testis. 

Osteoma  is  very  mre. 

Myxoma  is  rare,  except  in  assm^iation  with  other  tumors. 

Rhabdomyoma  sometimes  m-curs  in  the  form  of  flesh-like 
grinvths  of  the  testis. 

Sarcoma  may  occur  in  any  of  its  various  forms  in  the  testis, 
and  less  cummonly  in  the  epididymis.  It  forms  ntpidly  ^rtnving 
wliitish  or  redilisli  tumors.  Se'condary  changes,  such  as  fatty  de- 
genenition,  hemorrhage^  cystic  softening,  and  caseation,  are  not  in- 
frccpient.  Cystic  dilatation  of  the  seminal  tuhulcs  may  occasion 
marked  changes  iti  the  appearance  of  the  tumor.  The  cysts  are 
small,  and  filled  with  turbid  liquid  containing  fat,  desquamated 
cells,  and  cholcsteriu  ;  or  large,  and  contain  serous  liquid,  eitlier 
clear,  turbid,  or  hhjotl-tinged.  The  lining  epithelium  of  the  cysts 
is  ct^lumnar,  or,  in  ease  of  cysts  of  tlie  epidi<lymis,  often  ciliated. 
The  walls  of  the  tubules  in  some  instances  undergcj  active  hvper- 
plasia,  givinjr  rise  to  papillomatous  4'lc  vatitms  of  tlie  inner  surface, 
and  a  truly  adcnouiatous  prolifcratif>n  may  mx-ur.  In  the  latter 
ciisos  the  tumor  may  lie  designated  fnfeiwsfirroma,  Grouilis  of  this 
variety  are  sometimes  met  with  in  young  adults  or  children,  and 
most  frequently  in  the  rete  testis.  They  are  more  or  less  malig- 
nant, causing  frequent  metastasis  through  tlie  lymphatics  or  blood- 
vessels. 

Adenoma  of  the  testicle  is  mre  ;  nmch  more  frequently  cystic 
tumiirs  liave  a  mon^  c»r  less  a<lenoniatons  character  (see  Cyst^). 

Carcinoma  may  occur  in  the  form  of  a  seirrhus,  but  more  fre- 
quently as  a  soft  or  medul In ry  variety  (Fig.  331).  Mucoid  and  col- 
loid degenerations  are  rather  frequent,  and  cystic  softening  mav 
oceur.    Cysts  may  also  result  from  dilatation  of  the  ttibules*    Carti- 
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laginous  areas  aro  sonietinios  found  in  the  stroma  t^f  the  gro\\i:h  ;  to 
such  the  term  vhondrocarchtmna  is  applied.  M<>re  or  lei^  com- 
plete de.stnietioii  of  the  te^iiele  and  epididymis  is  frequent,  but  tlie 
tuniea  alhugineu  usually  resists  invasion  for  a  considerable  time^ 
Carcinoma  of  the  testirle  ^seenis  to  originate  from  the  epithelium 


Fia.  331.— Care  tnoiDB  of  the  testick*  (from  ttftptMfmi^n  in  the  Mn'^LTim  of  tho  Philadelphia 

Uoi^pital). 

of  the  couvt*Iuted  tubules.      Metastasis  through  the  lymphaties 

and  lilocKi-vessels  is  frecjuent,  and  extension  through  the  testicular 
envelojH\^  to  tlie  skin  may  LK-eur. 

Cysts, — ^Hetentif)n-<*ysts  of  the  tubules  are  frecjuent  in  eases 
of  inflamnjation  and  induration  of  the  testis  and  epididymis.  Some- 
times they  contain  a  siniph^  milky  liquid  j  in  other  east»s  s|KTma- 
tozoa  are  found  in  the  tin  id,  and  to  these  eysts  the  term  Kperma^ 
ioeek  is  applied.  The  cysts  may  be  nimierons  inid  small,  or  may 
l)e  very  hirgL\  eontainini^  a  huudrrd  ru*  more  euliie  eeuti meters  of 
liquid.  The  c*ysts  are  fomid  in  tlie  biHly  of  tin-  organ  ;  hut,  when 
large,  project  from  the  sarfaee.  VtTy  large  cysts  push  the  ti'stiele 
and  epididymis  to  one  side.  Oeeasionally  cystti  originate  from  the 
hydatids  or  the  paradidymis.  Tliese  may  i)e  spermatoeeles,  when 
one  of  the  vasa  aberrantia  opens  into  thenK 

Secondary  proHtenttinns  iif  the  epithelium  of  the  cysts  may 
convert  a  simple   intt>  a  jKipiUifenmH  vt/Atoma ;  and  ix^casionall^ 
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converted  into  cheesy  foci.  The  gummata  have  the  usaal  translu- 
cent or  cheesy  appearance.  When  the  membranes  are  involved 
diffuse  thickening  occurs ;  and  in  rare  cases  the  disease  extends  to 
the  skin,  causing  superficial  granulations  {syphilitic  fungus).  The 
vas  deferens  is  often  greatly  thickened,  as  are  also  the  walls  of 
the  blood-vessels  of  the  testis  and  epididymis. 

I/epra  of  the  testis  occasions  nodular  lesions  and  pressure- 
atrophy  of  the  tubules.  Lepra-cells  containing  bacilli,  as  well  as 
free  bacilli,  oc*.cur  in  the  tubules  in  abundance.  This  fact  is  im- 
portant as  indicating  a  possible  mode  of  transmission  of  the  disease. 

TUMORS. 

Pibroma  is  occasionally  observed  in  the  rete  testis  and  tunica 
albuginea  as  a  small  nodular  tumor. 

Chondroma  is  rare.  It  may  occur  in  the  epididymis  or  rete, 
as  a  single  node  or  as  multiple  small  nodules.  More  frequently, 
small  cartilaginous  areas  are  found  in  carcinomata  or  other  tumors 
of  the  testis. 

Osteoma  is  very  rare. 

Myxoma  is  rare,  except  in  association  with  other  tumors. 

Rhabdomyoma  sometimes  occurs  in  the  form  of  flesh-like 
growths  of  the  testis. 

Sarcoma  may  occur  in  any  of  its  various  forms  in  the  testis, 
and  less  commonly  in  the  epididymis.  It  forms  rapidly  growing 
whitish  or  reddish  tumors.  Secondary  changes,  such  as  fatty  de- 
generation, hemorrhage,  cystic  softening,  and  caseation,  are  not  in- 
frequent. Cystic  dilatation  of  the  seminal  tubules  may  occasion 
marked  changes  in  the  appearance  of  the  tumor.  The  cysts  are 
small,  and  filled  with  turbid  liquid  containing  fat,  desquamated 
cells,  and  cholesterin  ;  or  large,  and  contain  serous  liquid,  either 
clear,  turbid,  or  blood-tinged.  The  lining  epithelium  of  the  cysts 
is  columnar,  or,  in  case  of  cysts  of  the  epididymis,  often  ciliated. 
The  walls  of  the  tubules  in  some  instances  undergo  active  hyper- 
plasia, giving  rise  to  papillomatous  elevations  of  the  inner  surface, 
and  a  truly  adenomatous  proliferation  may  occur.  In  the  latter 
cases  the  tumor  may  be  designated  adenosarcoma.  Growths  of  this 
variety  are  sometimes  met  with  in  young  adults  or  children,  and 
most  frequently  in  the  rete  testis.  They  are  more  or  less  malig- 
nant, causing  frequent  metastasis  through  the  lymphatics  or  blood- 
vessels. 

Adenoma  of  the  testicle  is  rare  ;  much  more  frequently  cystic 
tumors  have  a  more  or  less  adenomatous  character  (see  Cysts). 

Carcinoma  may  occur  in  the  form  of  a  scirrhus,  but  more  fre- 
quently as  a  soft  or  medullary  variety  (Fig.  331).  Mucoid  and  col- 
loid degenerations  are  rather  frequent,  and  cystic  softening  may 
occur.     Cysts  may  also  result  from  dilatation  of  the  tubules.    Carti- 
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laginous  areas  are  soinetinicis  found  in  the  stmma  of  the  growth  ;  to 
eucli  the  term  {'hoitdrfjcarcfnojna  h  applieiL  More  or  letiH  com- 
plete Jestruetion  of  the  tej^ticle  and  epiuidymi^  is  fix»quent,  bnt  the 
timiea  albuginea  usually  resists  invasion  for  a  eoiisioerable  time. 
Carcinoma  of  the  testicle  sjeems  to  originate  from  the  epithelitim 


FlO.  83L— CarclisomA  of  llie  testicle  (frQin  atpeclmeQ  In  the  Mu.soum  of  the  PhilftddplilA 

Hoeplul). 


of  the  eonvohited  tuhnle?^.  Metastasi^s  through  the  lymphaties 
and  blotnl-ver'seLs  m  frequent,  and  extension  tliroiigh  tJie  testicular 
envelopei^  to  the  skin  may  oceur. 

Cysts. — Kt' tent  ion -evicts  of  the  tnbnies  are  frequent  in  cases 
of  inflamniatiiin  and  iodu ration  of  t lie  testis  and  eniditlymis.  8tnue- 
times  they  contain  a  simple  milky  liquid  ;  in  other  eases  sperma- 
tozoa are  found  in  the  flnid^  and  to  these  eyst^  die  term  Mj/rnna^ 
tocele  is  applied.  The  cysts  may  he  numerous  and  small,  or  may 
be  very  hirge,  containing  a  hundred  or  more  cubic  ceutimeterH  of 
liquid.  The  cyst**  are  found  in  the  ImkIv  of  the  organ  ;  but,  when 
large,  pn/joct  from  the  surface.  Very  large  cysts  pusli  the  testicle 
and  epididymis  in  one  side.  Occasionally  cysts  originate  fmm  the 
hydatids  or  the  paradi<lyniis.  These  may  be  sj^ermatoceles,  when 
one  of  tile  vasa  abemmtia  opens  into  them. 

Secondary  proliferations  of  the  epithelium  of  the  cysts  may 
convert  a  simph*  into  a  papiUtferou^  ctfdoma  ;  and  occasionally 
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the  primary  process  seems  to  be  one  of  adenomatous  character,  the 
cystic  condition  being  the  result  of  secondary  distention  or  of  the 
peculiar  character  of  the  acini  formed. 

Small  cystic  cavities  may  contain  mucous  liquid  or  thick,  curdy 
material.  In  the  latter  case  the  term  atheromatous  cyst  is  appli- 
cable. 

Dermoid  cysts  are  occasional  tumors  of  the  testis  proper. 
They  may  be  simple  sacs,  lined  with  epidermal  tissue  and  filled 
with  pultaceous  matter;  or  complicated  dermoids^  containing^ 
teeth,  bone,  muscle-fibers,  and  nerve-tissue. 

PARASITES. 
Bchinococcus-cysts  are  rarely  met  with. 


THE   PROSTATE   GLAND. 
INFLAMMATION. 

Inflammation  of  the  prostate,  or  prostatitis,  is  most 
frequently  secondary  to  posterior  urethritis.  Sometimes,  however, 
it  results  from  other  causes,  such  as  metastatic  involvement  in 
general  pyemia  or  other  forms  of  infection.  Inflammations  in  the 
vicinity  and  direct  injuries  of  the  prostate  may  likewise  cause 
acute  inflammation. 

Pathologic  Anatomy. — A  simple  and  a  suppurative  form  may 
be  distinguished. 

Simple  Prostatitis. — In  the  ordinary  prostatitis  following 
urethritis  the  disease  takes  the  simple  form,  the  gland  being  con- 
gested and  swollen,  and  causing  by  its  enlargement  more  or  less 
obstruction  of  the  urethra.  Small  suppurative  foci  maybe  forme<l 
in  and  about  the  glandular  pouches  and  tubules. 

Suppurative  or  phlegrmonous  prostatitis,  or  abscess  of  the 
prostate,  may  be  a  terminal  condition  of  the  previous  form,  or  it 
may  be  developed  primarily.  In  eases  of  metastatic  prostatitis 
a  number  of  foci  of  suppuration  may  o(;eur  and  subsequently  coa- 
lesce, or  a  diff^use  suppurative  infiltration  may  take  place.  The 
development  of  abscesses  is  usually  acute,  though  in  some  cases  it 
may  occur  insidiously.  If  the  abscesses  are  small  they  may  sub- 
sequently undergo  encapsulaticm,  inspissation,  and  even  calcifica- 
tion. Larger  abscessi\s  are  prone  to  rupture  into  the  urethra, 
usually  through  a  number  of  openings.  Sometimes,  however,  the 
inflammati(m  extends  to  the  tissues  around  the  gland,  causing 
periprostatiiis,  and  later  rupture  into  the  rectum  may  occur.  Ex- 
tensive phlegmonous  inflammation  of  the  pelvic  tissues  is  an 
unusual  result. 
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ATROPHY  AND  DEGENERATION. 

Atrophy  of  the  ^land  is  occasionally  met  with  in  youthful 
individuals,  and  may  be  the  result  of  disease  or  removal  of  the 
testis.  It  also  occurs  in  the  aged,  and  in  this  case  atrophy  of  the 
tissues  surrounding  the  prostatic  ducts  may  be  accompanied  by  dila- 
tation of  the  ductti  themselves.  The  gland  then  presents  a  cavern- 
ous appearance.  Atrophy  of  the  gland  sometimes  leads  to  incon- 
tinence of  urine. 

Fatty  degeneration  of  the  epithelium  of  the  gland  and  of 
the  muscle-fibers  is  frequent  in  old  age,  and  may  occur  as  an  in- 
dei)endent  condition  or  in  association  with  hypertrophic  enlarge- 
ment of  the  gland.  The  gland  becomes  soft,  and  diffusely  yellow 
or  mottled  in  color. 

CONCRETIONS. 

Prostatic  concretions  are  not  unusual  in  persons  of  advanced 
age,  and  are  frequently  found  in  considerable  numbers.  They 
vary  in  size  from  almost  microscopic  granules  to  bodies  the  size 
of  a  millet-seed.  On  section  through  the  gland  these  brownish- 
colored  bodies  give  the  appearance  of  a  surface  sprinkled  with 
snuff.  The  granules  are  usually  round  or  oval,  and  are  cliaracter- 
ized  by  concentric  lamellations.  They  may  be  colorless  at  first, 
but  usually  become  brownish.  The  term  amylaceoun  bodies  has 
been  applied  to  them,  and  they  have  been  supposed,  though 
erroneously,  to  be  composes!  of  amyloid  material,  such  as  occurs  in 
amyloid  degeneration.  When  they  n^ach  considerable  size  calca- 
reous salts  may  deposit  around  them  and  give  them  an  irregular 
form.  Sometimes  the  concretions  are  discharged  through  the 
])rostatic  ducts  into  the  urethni ;  in  other  cases  tne  larger  concre- 
tions project  pn)minently  into  the  urethra  beneath  its  mucous  mem- 
brane. 

INFECTIOUS  DISEASES. 

Tuberculosis  of  the  prostate  is  usually  found  in  association 
with  tuberculosis  of  the  other  genital  organs,  especially  the  vaa 
deferens  ainl  epididymis.  It  is  also  met  with  in  association  with 
tuberculosis  of  the  bladder  or  kidney.  The  prostate  is  usually 
diffusely  enlarged,  and  may  be  somewhat  nodular  ujwn  the  surface. 
Oil  s(»ction  <aseous  areas  are  found,  or  the  entire  gland  has  a 
caseous  appeanmce.  Recent  tubercles  are  rarely  visible^  as  casea^ 
tion  progresses  with  unusual  rapidity  in  this  organ.  Primary 
tuberculosis  of  the  prostate  is  rare. 
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HYPERTROPHY    AND  TUMORS. 

Hypertrophy  of  tiie  pm^tatc  is  a  condition  sumefinies  inflani- 
niatory  in  t'haracUT,  sometimes  ninre  prohalily  of  the  natun*  of 
tumor- formation.  It  occurs  most  frequently  in  the  aged.  The 
clauses  are  often  quite  obseure.  In  some  caj^e?:  ehronk'  ]K»8terior 
nretliritis  eeenih  to  l>e  the  in)p<jrtant  factor;  in  other  in.stance* 
disturhanrcH  <jf  tlie  circulation,  autl  ^'specially  varicose  conditions 
of  the  veins,  are  active  in  the  aiusation* 


The  or^n  may  enlarge  in  a  iinifc*rm  manner,  or  there  may  be 
no(hiIar  iw  localiztnl  swelling.  Of  the  localized  form  the  niiHt  im- 
portant, from  a  rlinical  usjiect,  is  that  fn  which  the  miihUe  lobe  or 
the  isthmus  of  the  gland  enlarges  and  prnjt/cts  un<lcr  the  [KMterior 
wall  of  the  urethra  as  a  small  or  large  rounded  elevation,  or  as  a 
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transverse  bar  or  obstruction  (Fig.  332).  According  to  the  inves- 
tigations of  some  authorities,  the  enlargement  in  such  instimees  is 
due  to  a  hyperplasia  of  accessory  prostatic  tissue  lying  ininie<iiately 
under  the  mucous  membrane  of  the  bladder  and  of  tlie  pnistatic  jK)r- 
tion  of  the  urethra,  with  subsequent  involvement  of  the  isthmus  of 
the  gland  itself. 

On  section  through  the  gland  there  may  be  a  uniform  indura- 
tion, or  in  other  cases,  in  consequence  of  aRS4K'iated  changes  in  the 
epithelial  or  glandular  elements,  there  may  be  scattered  through 
the  gland  areas  of  softening  or  of  proliferation  of  the  glandular  ele- 
ments, or  cystic  distentions  of  the  gland-tubules.  In  such  instances 
the  indurated  gland  presents  more  or  less  softened  or  cystic  foci. 

Microscopically,  in  the  diffuse  form,  involving  the  stroma  alone, 
the  gland  presents  merely  the  features  of  uniform  fibromyomatous 


Fro.  33.:.— Se<ti'»ii  nf  hyf-Ttrophii'M  j>TfintHU'  r,f  n  iiiHri  Mtri-rl  71  yearn ;  rmtunl  ilae:  «« 

prolifinition,  and  rr»rn'sjK»nds  in  strnrturi'  with  fibromatousor  myin 
fibmniatons  tumors  of  tin*  ntonis  (V'l^.  'M\S),  In  other  immm  tfie 
glandular  ilcnHiits  tak<*  an  active  jmrt  in  the  {Kithrylogic  prrKMrffM,  ami 
a  distinctly  adiiminatons  fhararter  is  added.  Tlie  glandular  t*Ie- 
nK'iits  may  iiiidcr^ro  fatty  deginenitir^i.and  the  luminaof  tho  arini 
and  tiibiihs  may  be  fill«-<l  with  milk-like,  fatty  material.  In  either 
<-d<f<  iin»noini«<-d  ey-tir-  di.-tention  of  the  gland  ^KX'urn. 

Besnlts  of  Hsrpertrophy  of  the  Prostate. — Knlargt'm€;ntH  of  the 
p^l^tate  u-iially  interfere  with  the  di^.-hargc^  of  urine.  TIiw  M 
panieiiiarly  riiarkw-il  in  i-iiH'.s  in  which  the  middle  UAte  projectH 
into  the  urethra,  thon;rh  in  s^mie  instances  the  opposite  reffljit  niflv 
l>e  pnylii'.ed,  viz.,  ineontinence  of  urine  due  to  interference  witn 
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the  contractions  of  the  Kphineter  of  the  neck  of  the  bladder.  In 
cases  of  enlargement  ^yi  one  of  the  lateral  lol>es  obstriicdon  to  the 
How  of  urine  is  eaueied  hy  lateral  deviation  and  compression  of  the 
urethra. 

Tlie  muscular  walls  of  the  bladder  at  first  become  hyper- 
tropliied  and  dilatation  of  the  blailder  subseqncutly  oeeurs. 
Cystitis,  distention  of  t!xe  urt^ters  and  renal  pelves,  and  ascend- 
ing infection,  causing^  ureteritis,  pyelitis,  and  pvelom^phritis,  are 
amonfj;  the  late  results. 

Sarcoma, ^Sarctiui a  is  a  rare  tumor  oi'  the  pmstate.  It 
generally  has  the  characters  of  lymplu*sarcoma,  and  is  a  rapidly 
growing,  destructive  tumor.  In  a  few  eases  combination  witli 
adenorua  has  been  observed. 

CarcinDma  of  the  prostate  is  more  frequent  tlmn  sjiiN?oma, 
though  it  i(^  not  a  common  tumor.  It  occurs  in  relatively  young 
pfU'sniis.  The  tnuior  arises  fron»  the  cpitlielium  of  the  tubules, 
and  takes  the  Jiirui  nf  noduhir,  grayish  ivr  white  masses  which 
cause  irreguhir  enlargements  of  the  ghmd,  and  not  rarely  project 
into  the  uretixra  or  the  base  of  die  bhulder.  Superticial  ulcera- 
tion of  the  mucous  membrane  over  these  pnijections  is  not  infre- 
quent. The  stroma  of  the  g^land  usually  proliferates  actively* 
Metastasis  t*i  the  inguinal  glands,  or  to  distant  parts,  including 
the  bones^  is  not  iufrcqucut  ;  but  direct  extension  to  the  bladder, 
seminal   vesieJes,  or  rectum   is  more  common. 

Cysts  of  the  prostate  are  usually  the  result  of  retention  of  exu- 
dates within  the  glantls  or  their  ducts.  Occasionally  cystic  forma- 
tions seem  to  arise  from  remnants  of  iliiller's  ducts, 

COWPER^S   GLANDS. 

Inflammatory  conditions  are  met  with  in  these  glands  in  asso- 
ciation witii  similar  alfeetious  of  the  prostate.  Occasionally,  inde- 
]>endent  inflammation  of  Cowper^s  glands  results  from  posterior 
urethritis*  The  gland  is  enlarged  and  presents  the  usual  appear- 
an(*es  of  inflanuuatiou.  The  t^^rmiuation  may  be  al)scess-formation* 
Obliteration  of  the  mouths  of  the  ilucts  iiiay  occasion  cystic  con- 
ditions in  the  glands^  and  carcinoma  has  been  described. 


THE  SEMINAL  VESICLES. 

InflamiiLatioii. — Acute  inflmnmation  of  the  seminal  vesicles 

may  occur  in  assm-iatirm  with  gtmt^rrbcal  urethritis.  The  vesi- 
cles become  distended  with  senu'nal  secretion  and  mu(**ipnrulent 
exudate.  Their  walls  are  swollen,  auil  tlie  mucous  mcmbmnt* 
prci^ents  the  appearance  of  catarrhal  inflammation. 

Chronic  infiammafffm   may  result  fnim   the   acute   form,  and 
causes  contraction  and  thickening  of  the  walls. 
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Tuberculosis  of  the  seminal  vesicles  is  coramon  in  cases  of 
nrogenitiil  tubeR'ulosis.  The  vesicles  are  rarely  independently 
tiffeeteth  The  walls  ijeeonie  thickened  and  may  present  nodular, 
eheesy  masses,  and  there  may  be  n  lee  rations  of  the  niucons  surface. 
The  cavities  of  the  vesicles  contain  caseous  or  puriform  materiaL 

Tumors.— iVi WW r^  carfinmna  has  been  dest-ribed  ;  but  wco^id* 
ary  careinfjtMtf  resulting  from  extension  of  cancer  of  the  adjacect 
structures,  is  more  cotu nuuK 

Cydic  dktenthfi  and  tlie  fornuition  of  direrttcnkt  result  from 
obstructions  of  the  ejaculatory  <luet.  The  contents  of  the  vesicles 
in  sut^h  cases  are  scrtmnicous  in  character. 

Concretions  frequently  result  troni  calcitieation  of  inflaninia- 
tory  exudates*  They  are  especially  frequent  in  association  with 
tuberculosis. 


THE  MAMMARY  GLANDS. 
CONQENITAL  ABNORMALITIES. 

Absence  of  one  or  both  breiists  may  o<'cur  in  association  with 
other  defects  of  <levelopment  of  tlie  thomcie  walls.  Incomplete 
development  of  the  nianimary  glands,  or  hypoplasia^  may  be  asso- 
ciated with  hypoplasia  M'  the  genital  organs. 

Superntimeraiy  mammary  glands  are  fre<  [uently  observed ; 

tlie  term  pfJi^nKidhi  is  given  this  condituuK  The  supernumerary 
giaud  or  glands  may  be  situattHl  between  the  normal  glands,  liclow 
these,  or  in  distant  parts,  sueh  as  the  hack,  shoulders,  and  arms* 
They  may  occur  in  either  sex,  and  may  be  structural ly  complete 
and  functionally  active  ;  or  may  l>e  merely  rounded  masses  of 
mammary  tissue  without  excretory  ducts  or  nipples.  In  the  hitter 
instances  the  probal)le  exjdunation  of  tin-  condition  is  that  in  the 
pro(^ess  of  development  pirts  of  the  normal  glands  have  lieen  split 
off  and  hav<!  sejxinitt^ly  developed. 

Early  Development* — The  nuimmary  glands  may  be  de- 
veloped at  an  ahuormally  early  jH'riod,  in  correspondence  with 
early  development  of  the  genital  organs. 

Abnormal  ftinctional  activity  (secretion)  may  be  stimu- 
lated by  various  diseases  of  the  genital  organs  ;  an<l  in  the  new- 
born of  either  sex  during  the  first  week  of  lite  sliglit  secretion  of 
colostrum-like  material  is  fre(|ueut. 

Abnormal  development  of  the  male  breast  is  occasion- 
ally observed,  especially  about  the  age  of  puberty,  nnd  sometimes 
copious  secretion  of  milk  takes  place.  Usually  tlic  organ  subse- 
quently atrf^phies,  l>ut  except iona I  ly  the  euhirgeuient  and  secretion 
persist. 

CIRCULATORY  DISTURBANCES. 

Hyperemia  (K^^urs  during  the  menstrual  period  and  at  the 
beginning  of  lactation,  as  a  physiologic  process,  and  causes  slight 
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B welling  and  redness.     Pathologic  hyperemia  plays  a  part  in  the 
proeess  of  inHanimation. 

Hemorrhages  are  usually  the  result  of  trflumatkni.  They 
niay  occur  into  tlie  gland  itself,  or  into  the  connective  tissue  ill 
front  of  or  behind  the  gland.  Oeeasionally  hemorrhages  are  due 
to  intense  inflainnuition  or  to  turnor-forniadon.  The  blood  may 
find  its  way  into  tlte  lactiferous  tubuh»s,  and  may  l>e  in  part  dis- 
chargiKl  fiYini  the  nipple.  In  cii^e  of  large  hemorrhages  tlie  lilood 
may  fc^ubsequeutly  undergo  aljsorption  or  inspissation,  and  hemor- 
rhagic cysts  may  be  formed* 


INFLAMMATIONS. 

Acute  inflammation  of  the  mammae,  or  acnte  mastitis, 

18  rarely  um  t  witli^  excepting  during  the  puerperiuuK  Exception- 
ally it  may  occur  in  cawes  of  general  pyemia^  or  in  the  new-horn 
as  a  result  of  active  secretion  and  obstruction  to  the  outlets. 
Sometimes  inHamuutiifJU  of  the  glands  results  from  direct  exten- 
sion of  inflammat<»ry  pmccsses  of  the  skin,  subcutaneous  tissue,  or 
thomci<-  walls.  Puerperal  mastitis  is  infective  in  character,  and 
results  from  injury  or  disease  of  thy  nipidc,  from  which  the  infct^- 
tive  agents  enter  the  glands.  The  actual  port^il  of  entrance  may 
be  the  diseharging  tubules,  or  mav  he  fissures  and  erosions  of  the 
nipple*  Various  uiicro-orgauisms  have  been  discovered,  including 
fttapliyIoco(H_*i  and  streptwrn-ci. 

Patliologic  Anatomy.— The  gland  is  swollen  and  distends  its 
cajjsulc^  tensely,  the  skin  is  reddened,  and  a  geueral  h^-perenna  of 
the  gland  is  noted.  I>uring  the  earlier  stages  tlie  iuflamuiation 
may  be  hx'uUzed  or  may  he  dilfuse.  In  the  former  <*ase  more  or 
k^ss  circumscribed  induration  is  diseovercd,  while  in  the  latter  the 
organ  is  uniformly  indurated.  The  tendency  of  mastitis  ts  to  a 
ttTmi nation  in  suppnnition.  On  section  through  the  glnnd  areas 
of  light^yellowish  editor  indicate  the  jMirulcnt  infiltnition,  while  in 
the  later  stages  more  t^r  less  extensive  abscesses  are  ff»rmcd.  The 
latter  may  connuuuicatr  with  the  iacfifcrons  tulndes,  ami  pus  and 
milk  may  be  discbarged  from  tlie  nipple.  Tbe  abscesses  tend  to 
extend  in  various  directions,  and  may  finally  rupture  uj>on  the  sur- 
face through  fistnhe.  After  discharge  of  the  pus  granuhition- 
tissue  is  formed,  and  the  cavities  are  tibliterated  by  ci<-atricial 
tissue.  When  tiie  larger  diseharging  tubules  are  ojn-ned  by  the 
abscesses  fistnhe  may  be  fornu^d,  which  continuously  disrharge 
milk.  Small  eolleetions  of  pus  may  become  encapsulatcil  and 
inspissated,  bt^ing  converted  into  cheesy  or  fiartly  i/alcified  matter. 

The  connective  tissues  around  the  mamuuiry  ghiTid  are  some- 
times involved  by  extension,  and  suppurative  or  necri>tic  pcrhnafi^ 
tith  results.      Extension  to  tbe  tlioraeie  walls  and  pleura  is  ra^t^ 

Chronic   Mastitis.^ — Ditl'use  induration   of    the    mammary 
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glundt  resembling  in  its  histologic  foatiires  the  indurative  or 
ehn^nic  itit^^rstittal  inflammations  of  {itht*r  organs,  is  occasionally 
seen  in  mid  tile-aged  or  (Ail  women.  The  cjiuses  are  obscure,  and 
it  is  difficult  to  distinguish  some  of  the  cases  from  certain  li^rms 
of  tibromatous  tumors.  The  gland  becomes  bardenefl  and  some- 
times slightly  inereaxscd  in  size.  In  other  teases  retraction  of  the 
connective  tissue  causes  a  reduction  in  the  size.  On  section  firm 
bands  of  connective  tissue  are  conspicnons,  and  the  lactiferfaiB 
tubules  may  be  distended,  forming  small  or  large  rptcntion-c^ygts. 
This  form  of  disease  will  be  furtJu-r  dis<nissed  under  Fibroma^ 


ATROPHY   AND   HYPERTROPHY. 

Atrophy  of  the  gland  oeeurs  as  a  physiologic  process  after  the 

menopause,  or  it  may  result  from  lo<*al  eaus(»s,  such  as  abscess  or 
tumor-formation.  Artificial  menopause,  to  1  lowing  oophorectomy 
or  diseases  of  the  reproductive  organs,  may  occasion  atrophy  simi- 
lar to  that  normally  present  in  old  age.  The  glanil  may  simply 
decrease  in  size,  withnut  notable  change  of  any  other  kind.  Some- 
times, however,  conneetive-tissue  hyperplasia  accompanies  the 
atrfiphy  of  the  glandular  elements,  and  diffuse  infiltration  may 
occur. 

Hypertrophy  of  the  gland  is  sometimes  njet  w  itli  in  girls  at 
the  ago  of  puberty,  and  lends  to  a  uniform  enlargement  of  the  or- 
gan. In  some  eases  there  is  a  true  hypertrophy  of  all  the  con- 
stituents of  the  gland  ;  in  other  instances  dilatation  of  the  !ym- 
phatit;  channels,  or  degenerative  changes,  may  cause  a  simtilation 
of  true  hypertrophy,  Botli  tjreasts,  as  a  rule,  are  atreeted,  and 
there  may  be  increased  tunctional  activity  {galactorrhea). 

DEGENERATIONS. 

Fatty  mfiltratioiij  or  lipomatosis,  of  tlie  gland  may  accom- 
pany atrophy,  or  may  0(*cur  as  an  intle{Mmdent  rondition.  The 
gland  may  be  gr(_*atly  enlarged.  Act*(mipanying  this  tlegentTation 
there  is  usually  diffusi^  hyjX'rplnsia  of  the  roimei'tive  tissue. 

Myxomatoms  degeneration  may  be  associated  with  fatty 
infiltration. 

INFECTIOUS   DISEASES. 

Tuberctllosis  of  the  mammary  glantl  may  he  as80ciat^»d  with 
tuberculosis  of  the  axillary  ghinds,  or  of  other  parts,  or  may  be 
primarv\  The  tubenlr-Vmciili  reach  the  gland  either  through  the 
lactiferous  tubides  or  through  the  bloiKl.  The  disease  is  charac- 
terized by  the  formation  of  distinct  tubenJes,  which  tend  to  unite 
and  fnnn  caseous  areas.     There  is  rarcdy  extensive  disease. 

Syphilis,  in  the  form  of  gnmmata,  is  sometimes  met  with  in 
acquired  or  congenital  syphilis. 
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TUMORS. 

Kbroma  may  bo  met  witli  in  the  lomi  of  oircumscribed  ncdij- 
lar  grt»wths,  or,  acconlin^  to  the  view  ol'  si>nie  piithologi^tj?^,  as  a 
ditfiise  pn:K?e8S.  Cimumscribed  fibroma  prestnits  it4>elf  as?  a  Iiard, 
nodular  tumor,  often  having  a  distintl  capsule,  and  on  section 
pn^eniiiig  a  lamellar  arruii^enient.  The  glandular  ek'meut^  of 
the  organ  in  tbt^  an^a  oi'  invasion  may  undergo  ftccondar)'  hyper- 
plasia, and  tluis  a  form  of  fibroadenoma  may  be  developed.  In 
the  eases  termed  tUffuHr  fibroma  the  entire  organ  may  be  imlomted, 
or  nodular  areas  of  selerosis  may  U;  found  in  varii^us  parts  uf  the 
ghimL  The  aeint  and  duets  may  at  the  siime  time  undei^  pro- 
liferation, fonuing  a<lenoniatous  structures  ;  or  eonipression  of  the 
duets  may  lead  to  retentiMn-t^ysts.  It  is  difficult  to  detennine  in 
individual  eases  whether  the  prm-ess  is  one  of  tumor- formation  or 
one  fd'  inflammatory  hyperplasia. 

A  form  of  {Kirtieular  inti^rcst  is  that  known  as  ititracaiialictl- 
lar  fibroniE*  In  this  the  pro! ife rating  fibrous  tissue  projeets  into 
the  normal  or  ililated  tulndes  in  the  fonn  of  pa]>illary  elevations* 
The  mueosa  lining  the  tubules  is  pusheil  iVirwanl  liy  the  ingrowths, 
and  covers  these  in  the  same  manner  as  epit helium  covers  super- 
ficial (mpillomata  of  the  skin  or  nmcoua  membraneni.     The  gknd 


Fio.  884.— Intmcanallcular  flbroma  of  Ihe  Tnamniary  gland  (KauftonniiK 

may  be  greatly  enlarged,  and  on  section  presents  an  appearanco 
resembling  that  of  a  cut  through  a  eauliflow^er  (Fig.  334). 

I/lpotna  of  the  mammary  glands  occurs  in  the  form  of  round, 
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encapsulated  tumors  of  the  interstitial  or  periglandular  connective 
tissues. 

Myxoma  may  occur  in  a  ditliise  form,  causing  a  transforma- 
tion of  tlic  gland  into  myxomatous  material,  or  a,%  circumscrilied 
tnmorn. 

Myomata  contairung  snxootli  nuKscle-fi here,  and  mixed  tumors 
eoDtaiuing  striated  muscle-filHTs,  are  rare. 

Chondroma  and  osteoma  have  been  observed. 

Sarcoma  is  must  frequently  ol'  the  round-^^ell  variety*  It 
occurs  in  a  diHuse  toriu  or  as  cireuniseribed  notlulcs  ;  association 
with  fibroma  and  myxoma  is  not   infrequent. 

In  dtff)fj<e  .sffrrmtta  the  gland  undergiK^s  a  uinft>rni  eulargenu^nt, 
and  the  neoplasm  extends  rapidly,  forndng  attachments  to  the 
skin  and  sometimes  causing  L^operticial  ulceration.  In  otiier  cases 
extension  toward  the  eliest- walls  nuiv  oci-iir,  and  may  liually  reach 
the  ph'ura.  l)n  section  through  tlif  gland  a  hilndar  character  of 
the  tumor  may  be  reeognizedj  and  areus  ui'  filirous  ur  myxomatttus 
character  are  visible  lu-re  and  there.  Cystic  conditions,  sonu-times 
met  w  ith,  may  l>e  due  tu  olKstrnction  and  consequent  distenticm  of 
the  lactilerons  tubules.  The  term  vifi^fosareoma  is  api>r4jpriately 
a])plied  to  sucli  cases*  The  Siircomatous  tissue  may  project  into 
tiir  ililated  tubules  in  a  polypoid  form  [infrftrafutiindar  ^ittrvotna). 
iScetion  tlirough  the  gland  in  such  <'ases  pivsents  an  appearance 
not  unlike  the  surface  of  section  of  a  head  of  cabbage.  Cysts  may 
also  be  formed  in  ,siireomata  by  degenenitive  scdtening. 

LocftUzed  mrrmnata  wcur  as  no<lutar  timmrs  arising  from  the 
connective  tissue  surrouniling  the  acini.  On  srction  through  the 
tumor  the  glandular  acini  may  be  seen  within  the  nodules. 

In  any  form  of  sarcoma  the  epithelium  of  tlie  tubules  and  acini 
may  nmlergo  sec^ondaiy*  proliferation,  when  the  term  adenmaramia 
is  applicable. 

Adenoma  of  the  mam  mar}'  glands  may  be  an  independent 
growth,  or  may  be  associated  with  fibroma,  sarcoma,  or  other  tu- 
mors, T!ic  indi'pendent  form  presents  itself  as  a  circumscribed, 
encapsulated^  ntHlular  tunujr,  somcwliat  tirnicr  than  the  substance 
of  the  normal  gland.  Micniscopically  it  cimsists  id'  nmrt^  or  less 
typical  glandular  acini.  These  are  usually  somewhat  dilated,  and 
the  epithelial  cells  are  larger  than  those  of  the  normal  gland  (Fig, 
6<j).  Insteatl  of  a  single  layer  of  ct>lumuar  cells,  active  hyperplasia 
may  canst*  a  comjiletc  tilling  of  the  acinus  with  epithelial  cells. 
Fatty  tlegcncratinn  of  the  cells  is  not  infrequent,  and  scmictimes 
there  is  a  certain  amount  of  mi  Ik-secret  ion  j  causing  additional  dis- 
teutiiin  of  the  cavities, 

Carcitioma,— Carcinoma  may  develop  from  the  tubules  or 
from  the  acini  of  the  glaiuls.  It  may  begin  as  an  adenomatous 
tumor,  w^hich  subsequently  undcrgncs  carcinomatous  transform  a- 
tion,  or  may  be  a  typical  glandular  cancer  from  the  beginning. 
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In  the  cases  primarily  adonomatoiLs  tii€  structure  of  the  acini  b€* 
conies  atypieal  and  the  epithelial  eells  tend  u>  penetrate  the  mem- 
brana  pnipria  ami  tbrni  irregular  eolleetitms  or  ei>luinn8  in  the 
interstitial  tissue.  Degenerative  ehanges  are  often  observed, 
among  whieh  fatty  degenemtiou  is  most  frequent,  Mueoid  de- 
generatinn  and  a  ibrni  of  caseation  are  sonietimeH  met  with,  ami 
ealei  Heat  ion  may  tiike  plaee  in  the  iuti^rstitial  tis^^ues,  Oeeasion- 
ally  an  atteinpt  at  formation  of  milk  ot-curs  in  the  eaiieer-aeini. 

Varieties.— A iiKing  the  varieties  of  ean-inoma  are  the  medul- 
la ry,  the  simple^  the  scirrh(»us,  and  the  myxoniatons. 

Medullary  carcinoma,  or  soft  cancer,  is  charaetiirized  by  its 
softness  and  the  n!)undance  of  liquid  (e^neer  juice).  It  gnjws 
rapidly  and  soon  invadei*  a  large  part  of  the  gland^  and  attaches 


I 


Fro.  33&,^1!71oexmted  cafcinomm  of  the  breast. 


itself  to  the  skin,  which  may  finally  be  broken,  exposing  an 
ulcerated  surface  (Fig,  335).  Aetuar inflammatory  changes"  ter- 
minating in  suppuration  aru  not  infrequent. 

Scirrhous  cancer  is  slower  iu  growth,  and  is  usually  verf 
hani  ;  the  skin  is  tirmly  attached  to  the  tumor,  and  the  nipple  is 
usually  retracted.  On  section  ttie  tumor  is  fomid  tf)  hv  of  a  firm, 
fibrous,  and  somewhat  translueent  character;  extensions  of  the 
growth  are  seen  radiating  iu  various  flirectious  froni  the  hcidy  of 
the  tumor.  Mieroscopi<'jdly  the  growth  consists  of  fa^scrculatBi 
connective  tissue,  enclosing  round  or  elongated  collections  of 
cancer-cells  (Fig.  74), 
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Simple  carcinoma  stan*3R  between  the  medullary  and  the 
scirrhous  for  ids  in  point  of  hardness,  as  well  as  in  point  of  malig- 
nancy. The  three  forms  differ  only  in  the  relative  amount  of 
epithelial  elements  and  tiV>rous  tissue. 

Myxomatous,  colloid,  or  gelatinoue  cancer  is  a  rare  form  in 
which  the  iater.stitial  ennnective  tissue  suffers  mucoid  change,  and 
the  epithelial  cells  of  the  cancer-acini  undergo  more  or  less  fatty 
or  exceptionally  mucoid  degenemtion  (Fig.  75). 

ResultB. -^Cancer  of  the  breast  may  extend  directly  to  the  sub- 
cutaneous tissues  and  skin  on  the  one  iiauil,  or  to  the  walls  of  the 
chest  and  pleum  on  the  other  liand.  Metastasis  frequently  takes 
place  through  the  lymphatics,  tlie  axillar)^  glands^  as  a  nde, 
pres+^nting  the  first  evidence  of  metastasis.  Malignancy  varies 
with  the  S4jftness  or  hardness  of  the  tumors,  the  scirrhous  form 
fretpiently  having  a  comparatively  benign  characten  Sometimes 
the  increasing  growth  of  connective  tissue  in  this  variety  leads  to 
practical  eessatir>n  of  the  growth  of  the  tumor. 

Mammary  cancers  are  much  more  irecjuent  in  the  female  than 
in  the  male  sex.  They  are  commonly  met  with  after  the  age  ot 
forty,  and  traumatic  influences  seem  to  bear  some  relation  to  their 
occurrence. 

Cysts.— Repeated  reference  has  been  made  to  the  retention- 
cysts  of  the  lactiferous  tubules  caused  by  compression  or  other 
forms  of  obstruction.  The  gland  may  contain  a  few  or  many 
cystic  cavities  al>out  the  size  of  a  pea,  containing  whitish  ut 
milky  liquid.  Occasionally  the  contents  of  the  cysts  are  cheesy 
((dheroinatoiij^).  Distention  of  the  acini  of  the  glands  in  cons*:*- 
que  nee  of  obstructions  to  the  outflow  of  milk  may  lead  to  large 
cystic  tumors  containing  milk  (f/alavlocefeX  In  the  later  stages 
the  contents  of  such  cysts  may  become  thickened  or  caseous. 


CHAPTER   IX. 


DISEASES  OF  THE  BONES. 

Anatomy  and  Developmeiit, — Bone  is  a  dense  form  of 

connective  tissue,  the  cement'substancc  being  impregnated  with 
lime-salts.  It  may  be  sfwngy  or  compact  in  chanictcr.  On 
transverse  section  one  sees  certain  oval  of>enings,  sarroun<led  by 
concentric  lamelhe  of  a  substance  containing  lime-salts.  Each 
opening  is  the  end  of  a  so-called  Haversian  canal,  which  with  the 
surrounding  lamella*  forms  an  Haversian  system.  The  areas  be- 
tween the  Haversian  systems  are  filled  with  osseous  tissue  not 
arranged  concentrically.     Between  the  lamellae  of  bony  tissue  are 
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seen  irregularly  oval  spaces — lacniioe — from  which  run  branrhino^ 
canal ieuli*  In  preparations  of  fresh  bone  the  laeunee  are  found  to 
be  occupied  by  the  bone-cells,  which  are  irregular  and  have  branch- 
ing projections  extending  some  distance  into  the  canaliculi.  In 
the  center  of  the  bones  are  found  hollow  sjiaees  containing  the 
bone-marrow.  This  is  a  vascular  tissue^  in  the  meshes  of  which 
are  found  large  and  small  rounded  cells  resembling  the  lymphoid 
cellsj  red  corpuscles,  ordinary  leukocytes,  and  some  nucleated  red 
corpuscles.  A  form  of  cell  of  particular  interest  is  the  large  mul- 
tinucleated giant-cell,  or  myeloplaque*  The  marrow  extends  in 
the  form  of  projections  into  the  substance  of  the  bone  and  com- 
municates with  the  Haversian   eanals. 

Surrounding  the  bone  is  the  fibrous  periosteum.  This  consists 
of  a  dense  outer  layer  and  a  more  cellular  inner  one^  which  is  osteo- 
genetic  in  function. 

Developnient. — ^The  beginning  of  the  change  of  the  original  car- 
tilage into  bone  consists  in  the  midtiplication  of  the  cartilage-cells 
and  their  arrangement  in  longitudinal  rows.  They  grow  into  car- 
tilage-eorpuscles  of  considemble  size,  calcification  at  the  same  time 
occurring  in  the  matrix  between  these  cells.  Simultaneously  vas- 
cular projeetions  extend  inward  from  the  perichondrium  ;  the  car- 
tilage-cells and  preliminary  calcareous  deposit  are  subsequently 
removed,  primary  marrow-spaces  being  thus  formed.  Bone-cells 
are  df^p>sited  in  the  spa(*es  between  the  original  cartilaginous  tra- 
becuhe,  and  at  once  begin  to  cover  themselves  with  bony  deposits, 
the  cartilagLnous  trabeculaj  gradually  diminishing  by  absorption. 
By  these  processes  a  spongy  form  of  bone  is  developed*  Subse- 
quently the  concentric  calcareous  lamella  of  the  Haversian  sys- 
tems are  deposited  within  the  spaces,  and  the  spongy  bone  is  thus 
converted  into  the  dense  form. 


DISORDERS  OF  DEVELOPMENT* 

Many  congenital  defects  of  development  are  observed,  such  as 

the  ap  pea  ranee  of  su|wrnumenirv  bones,  the  absence  of  certain 
bones,  the  failure  «>f  uni<m  between  epiphyses  and  diaphyses,  etc. 
These  conditions  are  of  little  pathologic  interest.     One  condition 
of  considerable  interest  (mchisehisis)  is  eousideretl  on  page  844. 
The  most  important  developmental  disease  is  rickets. 


RICKETS. 

Definition*  ^Rickets  or  rachitis,  is  a  constitutional  disorder, 
attended  with  iibnormal  dpvelopraenfal  processes  in  the  bones,  of 
whieh  active  proliferation  of  the  eel  hilar  elements  and  lack  of 
nt>rmal  calcification  are  the  most  important. 

Stiologry* — The  causes  of  rickets  are  still  v^ery  obscure.  The 
disease  is  in  some  way  connected  with  improper  aonrishmentj  though 
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there  is  probably  also  au  inherited  disposition.  It  has  l>een  sought 
to  establish  a  connection  between  riekets  and  syphili??,  but  an}'  such 
relation  is  tloubtfiil.  Various  eheniieal  theories  have  been  oftered 
in  explanation.  Foruieriy  it  was  supposed  that  the  prt^senee  in  the 
digestive  tniot  of  hietic  aeid  in  excess  prevented  the  proper  absorp- 
tion of  caleiuni ;  this  theory,  however,  is  generally  abandoned. 
The  disease  ocenrs  in  infants  during  tlie  first  year  of  life,  and 
eoutinues  during  the  seeoud  and  third  years,  after  whieh  the 
active  nianiffstations  subside. 

Pathologic  Anatomy. — Riekets  leads  to  various  deforniities, 
prinoipally  situated  in  the  long  1>ones  and  sknll.  The  epiphy- 
ses, as  those  of  the  wrist,  ankle,  ete.,  are  swollen,  and  in  more 
ad va need  stages  the  shafTte  of  the  long  bones  may  be  variously 
distorted. 

Sharp  bends  (mfraction^)  may  be  observed  in  the  long  bones, 
ami  eoniplete  fnu'tures  may  occur.  The  alteration  of  the  skull  is 
characteristic.  The  head  is  large  and  square  in  shape,  the  fore- 
head prominent,  and  the  tbiitaoelles  remain  open  a  long  time. 
Osteophytes  may  fornix  and  not  rarely  areas  are  found  in  tlie  tem- 
poral or  other  bones  in  wliieh  the  mineral  substance  is  deficient 
or  almost  completely  wanting  {cranMffht\^)^  the  spaees  l>eing  Hlled 
by  a  parehmcnt-like  membrane.  Deformities  of  tlie  chest  are 
frequent,  the  ehieken-breasted  condition  being  the  most  marked* 
In  the  beginning  of  the  disease  slight  enlargement  of  the  ends  of 
the   ribs  at   the  junction  with   the  costal  cartilages^  causing  the 


Fm.  3S6,— Rachitic  enlargement  of  the  und  af  &  rib  (modified  from  BoUfnger). 

beaded  appearance  called  tlie  **  nichitie  rosary/*  is  observed  (Fig. 
336).  Various  distortions  of  the  spinal  eohunn,  flattening  of  the 
pelvis,  and  other  deformities  may  lje  met  witli  in  marked  cases. 

The  mhntk'  chanf/m  of  rickets  consist  in  a  form  of  abnormal 
developmeut,  in  which  ealcarcons  deposition  does  not  progn^ss  in 
the  normal  manner,  but  is  replaced  by  pi^olifc ration  of  the  cellular 
elements.  In  enusequcuee  of  this  the  bone  presents  irrcgtdar  areas 
of  partial  calcification  lying  between  pt^rti^jus  made  up  of  greatly 
proliferated  and  enlarged  cartilnge-eells.  Projections  from  the 
marrow  and  periosteum  extend  deeply  and  visibly  into  the  body 
of  the  bone,  which  is  thus  com|>osea  for  the  most  pait  of  osteoid 
instead  of  osseous  tissue.  The  marrow-spaces  arc  irregular  and 
excessive   in  size.      These  changes  io  the  bone  are  marked  at 
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iiut  epiph^vseal  extmutiesy  and  du»  Ind  U>  die  virabfe  ^. 

vkeaXA.  ft  »  thus  :>een  that  die  process  in  rickecs  is  fidlore  of 
deveiopmeot  of  die  nonittl  strnctiirer  nu&er  don  abeorpcioa  of 
exu^ng  bone.  The  onginaJ  caleareoos  depoat  arociid  the  carti- 
htf^xnXlA  ift  largelT  or  compIetdT  afaeorfacd^as  in  normal  booe-lbr- 
natiriD,  and  often  even  more  npidlT.  The  snbeeqaent  depoat  of 
eakareoiM  bone  does  net  form,  but  in  place  of  it  thoe  occms  a 
lacpid  prr>IifeTatu>n  of  cartilaginofB  andf  odier  celk. 

Associated  CooditioiiS. — ^The  changes  in  the  bones  do  not 
iMfMdtnte  the  entire  pathologv  of  rieket&  There  are  freqnendy 
gaAtro-intestinal  disord»s,  sodb  as  catarrhal  inflammations  of  the 
mfMOf»  membrane.  ProlifentiTe  changes^  are  met  with  in  the 
jipleen  and  liver,  leading  to  fibrois  oveigrowth  and  enlargement, 
and  the  biriod  \^  more  or  less  profbondlT  altered.  Decrease  in  the 
number  of  red  ciorposcles  and  leokocrtosis  are  the  conspicooos 
features.  Nwrleated  red  corposclcs  may  be  fbond  in  more  or  less 
abandanee,  according  to  the  grade  of  anemia^  and  the  lenkocjtosis 
involves  a  special  increase  <^  mononuclear  elements,  and  myelo- 
cytes may  be  present. 

Congenital  rickets  differs  in  some  respects  from  the  dis- 
ease met  with  after  birth.  The  extremities  are  short  and  thick, 
the  ends  of  the  bones  enlarged,  and  the  shafts  bent.  There  is 
increase  of  the  original  cartilage  and  of  the  periosteum,  with  an 
arrest  of  development  of  the  bone& 

REOENERATION  OF  BONE. 

Regeneration  of  bone  occurs  most  typically  in  the  healing  of 
fractures,  and  also  as  a  part  of  various  pathologic  processes  in 
which  a  certain  amount  of  destruction  of  bony  tissue  has  taken 
place.  Hypertrophy  may  be  included  in  the  same  group  of  affJec- 
tion<4. 

Practtires. — ^Definition. — Fractures  are  br«iches  in  the  con- 
tinuity of  ^K>ne  which  occur  in  eonsequenw  of  direct  force  or 
of  muscular  contractions.  The  bone  may  be  broken  in  vari- 
ous direr.'tion.^,  the  line  of  fracture  being  straight  or  irregular, 
directly  tran.«vf*r«c  to  the  long  axis  of  the  bone,  or  oblique.  The 
bone  may  bf  bn)ken  into  a  number  of  splinters  {comminuted  fractn 
urf),  or  tlu;  fracture  may  \\e  a  single  on*\  There  is  always  more 
or  IffSfi  injury  to  the  sf>ft  parts  immediately  surrounding  the  bone, 
and  sometimf'S  extensive  injure' causes  communication  between  the 
outer  surface  and  the  seat  of  fracture  through  flesh  wounds  (cow^- 
jtourul  fractnre). 

Repair  of  Fractmres. — The  process  of  repair  is  much  the  same  as 
the  prf)ccss  in  the  original  formation  of  bone.  Immediately  after 
the  fnwrture  there  is  more  or  less  hemorrhagic  extravasation  with- 
in the  marrow  and  around  the  broken  ends  of  the  bone.     Within 
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a  few  days  cellular  infiltration^  with  congestion  and  edematous 
swelling  of  the  perio.steiim  and  nuirrow,  as  well  as  of  the  bones, 
may  he  noted.  Proliferative  changes  then  take  place  in  the  siime 
.situations  and  new  hhiod-vessels  are  lurmod.  Tlie  tissue  se>on 
becomes  somewhat  liardened  frum  dejK)sit  of  ealearetais  matter  and 
cartilaginous  tormation.  Its  condition  varies  greatly  in  different 
cases ;  sometimes  it  is  quite  fihrouB,  in  other  cases  almost  purely 
cartihiginous*  Gmdually  it  is  eim verted  into  bone  by  ttie  regular 
proeeBscs  of  Ixaie-lormation.  At  this  stage  the  seat  of  fracture  is 
occupied  by  a  deposit  of  soft,  bony  material  of  considerable  bulk, 
w^hieh  causes  a  local  thickening  of  the  bone.    Finally  tlie  excess 


Fro.  lia?.— Fracture  ofthw  fenitir,  show- 
Injf  maliKwHhin  nf  thv  *:n«ls  of  Oiu  J»iiie 
and  abundant  cuiniifi  i^modilled  from  Bol- 


Fin.  3IW.— Frarture  of  humerus:  sec- 
tion tlirf»ui7h  the  brnw,  Khnwlimtht'  rcjmlr 
of  the  fnicttire  (modified  from  B<jlliiiKt?r)» 


is  removed  by  absorption,  the  part^  in  the  direct  line  of  the  bone 
upon  wliich  the  stniiii  mitumlly  falls  becoming  thickened,  while 
other  |>arts  are  absorlied. 

The  original  deposit  of  osteoid  or  chondroid  material  at  the  seat 
of  fracture  is  termed  calluA  (Fig.  337).  Part  of  this  is  deposited  on 
the  i2xii^ri(W  (  prt'losteai  t'allutt\iim\  is  deri%'ctl  from  the  periostreum  ; 
part  is  within  the  marrow-cavity  {myeloffeiioiw  caliusi) ;  and  a  tliird 
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part  is  sometimes  seen  between  the  ends  of  the  bone  {iniermediary 
callus).     The  last  is  produced  by  the  periosteum. 

The  healing  of  firactures  under  the  most  favorable  circum- 
stances— ^that  is,  in  cases  in  which  the  fragments  of  bone  are 
restored  to  their  proper  position — is  accomplished  with  but  little 
disturbance  of  the  normal  relations.  The  seat  of  fracture  may 
be  permanently  thickened,  and  there  is  always  some  shortening  of 
the  affected  bone.  When  the  fragments  are  not  placed  in  proper 
position,  angular  deformities,  w^ith  considerable  thickening  from 
deposit  of  lH)ny  material  between  the  fragments,  result  (Fig.  338). 

When  the  fragments  are  not  kept  in  apposition,  or  when  the 
general  condition  of  the  patient  is  unsatisfaetor\',  the  union  of  the 
fragments  may  be  prevented  and  "ununited  fractures"  result. 
The  ends  of  the  fragments  in  these  cases  become  rounded  by  ab- 
sorption of  the  sharp  edges,  forming  fiilse  joints  {p9eudarthro$esy 

Hypertrophy. 

Local  or  general  hvpertrophy  of  bone  may  be  found.  Local 
hypertrophies  may  occur  in  consequence  of  increased  strain  upon 
certain  parts  of  a  bone,  either  directly  or  through  the  muscles. 
In  muscular  individuals  hypertrophy  of  this  kind  is  frequently 
seen  at  points  of  attachment  of  the  muscles.  In  cases  of  in- 
jury or  incapacity  of  one  of  the  limbs  the  other  may  show 
hypertrophy. 

Oimnt  growth  of  certain  bones,  or  of  the  entiro  skeleton,  may 
be  obser\'eil.  L«x*:il  hvpertrophy  of  thi<  kind,  dating  fnMn  chihl- 
h<HHl,  is  especially  ct>mmon  in  the  upper  extremities,  and  is  fro- 
Quently  unilateral.  It  may  be  obser\-ed  as  a  bilateral  condition  in 
the  finger*.  Complete  iriant  growth  usually  beirins  aK»ut  the  age 
of  puberty.  The  indiviihial.  previously  devt- 1«^{hi1  as  others  be^rins 
to  grow  abnormally  until  an  excessive  sizo  is  rv-aohcvl.  The  U>nes 
aro  not  onlv  ver\-  lan^\  but  often  markeiilv  thiokemxl  and  irrv^u- 
lar.  ■         ' 

Acromegaly  is  an  allieil  ci^n«liii«>n  in  whioh  iriant  £:T»>wth  of 
the  hand<  an»l  feet.  t*.>roarms  and  lej^.  an-l  |xirts  of  the  fiu:^^ 
notably  the  Ituv»-r  jaw  and  brid^  of  the  ivw^-.  is  ob??erve*.!.  A 
ivrtain  ain»»un:  »f  hyj»r[>lasia  «»f  the  soft  tissius  in  the  affected 
n^ion  ao>Hiuxini<^^  thi-  ohanire.  The  etio^-jry  ..f  this  affe*^i«xi  is 
still  uu-i^ iilt^l.  Hy |Hq>lastio  c» »nditi*^ns,  tu:n«>ri.  a»l  iXher disease;? 
of  the  hy|^»physis  i^>?!\^l>ri  have  Iven  met  with  in  a  *»a>&leraWe 
pn>pi>rti«ni  of  the  o:ise>.  In  s«>nie  of  the  skelec«xis  ot  t^iants 
inve<tii:art^^l  with  pe^^anl  to  this  p.nnt  enlar^nunt  ot  th^  s^Ua 
turcica  has  b^t?n  round,  and  this  eviilc*n«>^  the  ^^wHirrvnce  of  ei>- 
lai^ment  «n'  the  pituitary  b»>ly  in  s«»me.  at  It:ast.  ot  such  per^oosw 
The  exac*t  rvlati«^n  between  pituitary  dis<-ase  and  bony  hyjwr^ 
trophies  remains  obscure. 
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CIRCULATORY  DISTURBANCES. 


Hyperemia  is  norma!  during  the  d<?veIo|)ment  of  bone,  or 
may  aeeonipany  inflammatory  disturhauces  of  the  nei^^hljoring 
parts.  The  marrow  becomes  more  or  less  light-  f»r  f lark-red  in 
color,  and  the  periosteal  vessels  may  be  injected.  The  entire  bone 
may  have  a  pink  or  reildit?h  color. 

Throttibosis  may  occur  in  the  blood-vessels  of  the  marrow. 

Hemorrhage  beneath  the  periostenni  and  in  the  marrow  is 
comparatively  eonmion.  It  may  result  from  tranmatic  causes  or 
from  seorbntie  or  j>uq)uric  conditions,  as  well  as  from  inflamma- 
tory affections  of  tlie  parts  involvecL  Considerable  subperiosteal 
hemorrhages  are  found  in  eases  of  infantile  senrvy.  Tlie  sepa- 
ration cf  the  periosteum  from  the  bone  may  lead  to  necrosis  of  the 
snperfieia!  layers  of  the  bone.  A  similar  aeeumnlatiou  of  bloorl 
beneath  the  periosteum  is  that  found  over  the  bones  of  the  skull 
in  the  new-boni — the  cephfifohematoma.  This  results  from  the 
traumatism  of  lalior.  Large  accumulations  of  Ijlood  of  this  nature 
may  he  absorbed  or  may  undergt*  suppuration. 

Hemorrhage  into  the  substance  of  bone  may  accompany  other 
disieases  affecting  it,  such  as  caries,  tumors,  and  tlie  like. 


INFLAMMATIONS. 
Periostitis, 

Defifiitioti^ — Periostitis,  or  inflammation  of  the  periosteum, 
may  be  of  various  forms,  and  may  lead  to  different  results.  Some- 
times the  evidences  of  inflammation  nn*  very  apparent ;  in  other 
cases  the  disease  appears  in  the  form  of  a  ehronie  prcKluetive  pro- 
cess, leading  to  overgrowth, 

Etiology,— Periostitis  may  be  the  result  of  traumatism,  w^itb 
or  without  the  establishment  of  a  eommuiiicating  wound.  In  the 
latter  c^ase  the  injury  provides  an  area  of  k^sscned  resistance,  which 
may  subsecjuently  become  infected.  In  the  former  ease  the  infec- 
tion is  direct  J  coining  from  the  outside.  Ilcmatogenous  infection 
without  local  injury  is  frequently  observed.  Infective  periostitis 
may  result  from  extension  of  an  inflammation  situated  near  the 
bones  or  from  osteomyelitis.  In  all  fl>rms  of  bone-disease  more 
or  less  h)eal  periostitis  occurs  as  a  complication.  In  some  eases 
tlie  etiology  is  obsti^ure,  as  in  the  periostitis  which  occurs  during 
pregnancy  and  letids  to  the  fbrmation  of  osteo|>hytes. 

Pathologic  Anatomy, — We  may  distinguish  simple,  sup* 
purative,  and  ossifying  periostitis. 

Simple  Periostitis. — The  membrane  becomes  swollen,  red, 
and  sometimes  infiltrated  with  blood.  Microscopically  there  are 
round-cell  infiltration  and  proliferation  of  the  periosteal  tissue. 
If  the  process  has  been  extensive,  and  the  irritation  long  eon- 
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turned,  a  termination  in  fibroid  thickening  may  be  observed.  This 
is  not  unusual  in  cases  of  fractures. 

Pomlent  Perioetitis. — The  disease  may  be  circumscribed  or 
diffuse.  There  are  marked  swelling  and  cellular  infiltration, 
particularly  in  the  deeper  layers,  and  abscess-formation  results. 
Reparation  of  the  periosteum  fr^m  the  bone  ensues,  and  may 
lead  to  local  interruption  of  the  circulation  between  the  peri- 
osteum and  the  bone,  and  consequent  superficial  necrosis  of  the 
bone  with  exfoliation  results.  In  the  diffuse  form  of  periostitis 
widespread  areas  of  the  periosteum  may  be  quickly  involved  and 
rapid  destruction  takes  place.  In  these  cases  a  considerable 
inflammation  of  the  surrounding  tissues  is  customary.  In  all 
instances  there  is  a  tendency  to  burrowing  of  pus  toward  the  sur- 
fitce,  and  its  eventual  discharge.  The  retention  of  necrotic  portions 
of  the  bone  may  lead  to  continued  suppuration,  but  with  removal 
of  the  dead  portions  healing  usually  occurs.  Ostitis  and  osteo- 
myelitis are  very  frequent  results  of  periostitis ;  on  the  other  hand, 
they  may  be  in  certain  cases  the  original  cause. 

OssiflTinfir  periostitis  leads  to  the  formation  of  bony  excres- 
cences, exostoses,  or  osteophytes.  There  is  first  a  proliferation 
of  the  osteogenetic  layer  of  the  periosteum,  then  partial  ossification, 
and  finally  complete  bone-formation  with  firm  attachment  to  the 
underlying  bone.  These  changes  may  be  circumscribed  or  diffuse, 
and  cause  irregular  elevations  or  general  thickening  of  the  bone. 
Occasionally  the  surrounding  connective  tissues  are  implicated 
{parodiiis).  Ossifying  periostitis  may  occur  in  the  vicmity  of 
joints  affected  with  chronic  arthritis.  It  may  occur  as  a  result 
of  diseases  of  bones  attended  with  considerable  destruction,  such 
as  tumors,  tuberculosis,  etc.  Occasionally  tlie  causes  are  entirely 
obscure.  An  interestiuir  form  is  tliat  wliioh  occurs  in  the  bones 
of  the  hands  and  feet,  forearms,  and  legs  in  tuberculosis  of  the 
lungs  and  empyema,  or  more  rarely  in  otlier  diseases ;  to  this  the 
term  hypertrophic  oaf eo-arihro path y  has  been  api)Iied.  Tliis  is  a 
form  of  osteoperiostitis  of  ossifving  type,  and  it  seems  to  be  due 
to  the  action  of  circulating  toxins  developed  in  the  diseases  with 
which  it  is  associated. 

Associated  Conditions  and  Results.— The  conditions  met 
with  in  the  adjacent  hones  and  other  parts  liave  been  referred  to. 
General  infection  and  intoxication  may  follow  upon  the  suppurative 
cases,  and  death  may  then  occur  fn)ni  sei)tieo]n'emia.  Permanent 
thickening  of  the  bone  may  result  in  any  ease,  or  resolution  may 
be  practically  complete. 

Osteomyelitis  and  Ostitis. 

Definition. — Acute  osteomyelitis  and  ostitis  are  usually  com- 
Hined,  and  occur  as  an  inflammatory  condition  affecting  the  mar- 
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TOW  and  its  extrusions  into  the  wmmunieating  cauals  of  the 
boiie.  The  hundlar  siibstanee  of  tlie  bane  is  only  secondarily 
involved. 

Etiology.— Osteomyelitis  is  an  inieetive  disea>ie  resulting 
iVuni  bematogenotiii  inlection  in  the  ermrse  of  various  dis^^ases, 
fmm  local  inlVctions  in  e*is<'s  of  trauma- 
tism {fracture,  aMi|HitationK  or  from  peri- 
ostitis. Various  micro-organisms,  ine  I  tid- 
ing stapliyloocci,  streptococci*  typhoid 
hiieilli,  iuid  the  Hat-ill  us  eoli  eomniunis^ 
b;*ve   been   disenv*re(L 

Pathologic  Anatomy.— Th(^  mar- 
row first  beeonii's  retl  and  edematous, 
then  cellnhir  iniiltnitiou  and  proliferation 
are  siiperathhMl,  and  final ly  eoUections  of 

tms  or  dilFnse  juirnk^nt  tnmsformation  fol- 
ow.  The  siUTonndini:'  1/one  is  involv*Ml, 
beeominir  nion*  or  less  in  tilt  rated,  soften- 
ing, and  not  rarely  undergoing  iMcr<Jsis 
(Fig.  3*>9).  Small  or  large  sequestra  may 
be  Ibrmecly  or  the  hone  may  necrose^  com- 
pletely. Periostitis  is  generally  assm-itited, 
an<l  tin'  tissues  arnniul  tiie  bone  are  usu- 
al ly  iulih rated  and  sutler  suppurative  or 
necrotic  changes.  Hypertrophic  ehanges 
may  cK'cur  in  the  periosteum  and  sujjcr- 
ficial  layers  of  bone,  causing  a  bony  en- 
casement of  central  sequestm.  In  such 
instances  a  suppurating  sinns,  extending 
from  the  bone  to  the  ^urikee,  ueually 
remains. 

Associated  Conditions. — 1  mj^liea- 
ti on  t> f "  t h c  I n ' i gl i hun i *g  pa rt s  is  b al > i t n a  1 — 
deep-seated  aliscesses,  arthritis,  etc.  LUm-  fiu.  sa^.-Nemwia of  femur, 
eral  infection  is  usually  the  final  n>sult,  }fti/(wim'n^^^^  osieomy^ 
and    commonly    lends    to    a    fatal    end. 

Marked  changes  in  the  Idood  have  been  f(l>i?tervrd — leukocytosis, 
large  proportions  of  large  mononuclear  (*elis,  myelocytes. 


Chronic  Ostitis. 

Clironic  inflammntorv  processes  are  more  apt  to  involve  the 
bone  than  the  marrow,  though  the  beginning  of  the  disease  may 
hi*  frerpieutly  in  the  latter  situation.  It  may  be  suppurative,  de- 
genemtive,  or  byjiertrnphic  in  character. 

Etialogy,^Chronic  4:>stitis  may  follow  osteomyelitis  and  ne- 
crosis, necrotic  sequestra  keeping  up  a  constant   irritation.      In 

49 
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these  case?  the  dbsease  if  primarily  infective.  The  chronic  inflam- 
mations  of  Fione  due  to  tuberenloeis  and  ^vphilis  have  ^peciaI  char- 
acters, which  will  be  described  below.  In  many  cases  the  cause 
of  chrrinic  r^^titis  is  obscure,  though  probably  circalating  toxic 
subj^tance?^  are  the  specific  &ctors.  Direct  traumatism,  per:o^titis, 
or  other  inflammatory  diseases  surrr>unding  the  bone  may  be  the 
immeiliate  caiLses. 

Pathology  Anatomy. — In  the  necrotic  and  suppurative 
form,  following  orjte*>myelitis,  there  is  more  or  less  softening  of 
the  Uiny  substance  by  absorption  of  the  calcareous  matter,  ami  at 
the  same  time  proliferation,  in  the  form  of  granulation-tissue,  of 
the  cellular  elements  of  the  marrow  ami  its  prolongations  within 
the  Haversian  channeLs.  Localized  al>scesses  may  be  formeil,  or 
infiltration  of  pits  in  varioiLs  directions  with  increasing  necrosis  of 
the  inter\'ening  bone  may  occur. 

The  degenerative  form  of  ostitis  is  a  variety  in  which  the  cal- 
care^iiLs  matter  is  al>sori>ed  and  the  l>one  thus  rendere<l  more  soft 
and  pm>us.  The  term  inflammatory  Of^eojxtnueiy  is  applied  to  this. 
In  the  process  of  absorption  there  are  forme<l  upon  the  outer  and 
inner  siu-feces  of  the  l>one,  or  within  its  substamv,  areas  of  en>sion, 
hollow  spac-*s  or  indentations,  showing  bone-coq>iiSi^'les  and  giant- 
cells  lying  u|K>n  the  eroded  bony  tissue.  These  <lepressions  are 
the  so-irallcnl  Howship\s  lacuna.  The  giant-cells,  which  are  active 
in  the  absorptive  process,  have  been  tenuetl  oMfeix'iajttji^  and  are 
identii?al  with  the  osteoblasts  or  osteoplaxes  of  developing  bone. 
Simaltanc*r>usly  with  this  absorption  of  the  laiuelUe  of  bone  there 
is  pn>liferation  of  the  marrow-substance  in  the  ero<led  areas,  and 
at  the  same  time  there  may  Ix?  increase<l  vascularization  of  this  in- 
tervening tissue.  Perforations  are  frequently  establisheil  through 
the  lamella  by  the  pr-netration  of  new-f<»rnie<l  blo<Hl-vi'<sels,  so  that 
neighboring  excavate<l  areas  comniuni<*ato.  This  form  of  inflam- 
mation of  the  Uine  is  fre<|uent  in  the  neiirhl)orlHKKl  of  necrotic 
areas  or  ostf*omyelitic  a>llections  of  pus,  and  plays  a  jxirt  in  the 
patholo;ric  prrK-f-sfs  of  osteomalacia  and  other  l>on(.*Hliseases.  It 
IS  ranly  an  in<h')Hndent  condition. 

The  liypf-rtrMpliii-  iorm  of  chronic  inflammation  leads  to  in- 
crffasfMl  density  of  tlu*  lKm(»,  to  which  the  term  comh  using  oMitiSy 
or  o^Z/'oWf/'ox/x,  \<  applif-able.  It  may  occur  as  a  reac^tive  process 
surronii(lin«r  areas  <4'  r>steo|K>rosis  or  other  hnnil  dis^'iises  of  the 
bone,  or  in  ass<Kiati<m  with  ossif\'in^  perio-titis.  Occasionally  it 
cK'curs  in  eertain  lK>n<*s  or  parts  of  Imnes  without  l<x*al  or  well- 
ascert;jin(f<l  jrenentl  causes.  Such  cases  are  met  with  in  syphilitic 
)K*rsons.  The  anatomical  changes  con>i>t  in  the  <lej>osition  of  in- 
creas<.Hl  fjuantities  of  Inmy  tissue  by  the  s;niie  pro<x»sses  as  are 
ojK»nitive  in  normal  bone-formation. 

The  disease  designatcfl  as  leant i(ii<l<  (fssiimi  \<  a  form  of  osteo- 
sclerosis aff(»cting  the  bones  of  the   head  anil  face,  and  causing 


irref^ular  thickening  and  enlargement  of  these  bones.     The  cause 
of  this  euntlition  is  obscure, 

Ostltii  Deforttians, 

Ostitis  deformiins  is  ii  condition  wliich  affects  tlic  skull^  verte- 
bme,  and  certain  lon^  boncj^,  canshi^  cnhir^'^crnciit  of  ttie  affected 
part*i  and,  on  aocnunt  of  the  rliisticlty  of  the  diseased  struct ii res, 
great  deformity.  Fractures  do  not  otn^nr.  Pat liulii*ri< "illy  t!icre 
is  absorpttion  of  tlie  conifKit't  bone^  with  eontluenci'  of  tlic  Hiiver- 
eian  canals  and  new  formation  of  nnc;dcified  osseous  tissne  through- 
out the  diseased  struetnres.  The  mctlullary  f^aviticH  of  the  long 
bfines  are  filled  with  %'a'«onlar  connective  tissue  and  abundant  fat- 
cells,  and  sometimes  cysts  containinj^  gehitinons  material  arc 
observed.  (tiant-cc^Iled  sarcfUDa  niiiy  occupy  tli*'  nicdolla.  The 
etiiil ogy  of  the  disease  is  *)bscorc,  but  some  form  of  trc^phic  dis- 
tvirbanee  undoubtedly  plays  a  part  in  the  c*ausatiou. 

HYPOPLASIA    AND   ATROPHY. 

Hypoplasia,  or  the  lack  of  <lcvclopment  of  bones,  may  occur 
as  a  hn-al  ur  general  condition.  Local  Ijypoplasia  may  be  due  to 
injuries  or  diseases  which  render  a  imrt  of  the  bo+ly  nscleas.  Gen- 
eral hypoplasia  is  tbund  in  cretir»s  and  thvarfs. 

True  atropty  of  the  bones  may  involve  an  entire  bone  or 
only  portions  uf  it.  (Icneral  atni|>hy  of  tlic  wboh-  or  tif  jmrts  of  a 
I  nine  occurs  as  a  result  of  inactivity  or  want  i»f  use,  as  in  cases  cd* 
palsy,  chronic  rheumatism,  and  the  like.  Tlie  implication  of  cer- 
tain parts  of  the  nervous  system  (trophic  centci*s)  is  parti<ndarly  im- 
portant, as  the  atrophy  residling  in  such  cases  is  much  more 
extensive  than  tliat  occurring  In  eases  rd'  similar  inactivity  frf>rji 
iither  causes. 

Partial  atrophy  of  tin'  l»one  may  be  due  tti  [m^ssnrc  by 
aneurysms,  tumors,  and  the  like.  In  these  eases  there  is  gradual 
absorption  of  bony  sabstiince,  and  the  prfK*ess  is  really  one  of  in- 
tl ;  1  m  ma  to  ry  os  t  *  h  >  porosis. 

General  Atrophy.^ — Absorption  of  the  bony  substance,  with 
rcsrtlting  ostcoportjsis,  may  occur  in  manismic  individuals,  (lar- 
ticularly  in  senih^s.  In  these  cases  it  is  liehl  by  most  author- 
ities that  the  pathologic  comlition  is  <lepiMtdent  ujum  the  iinl- 
ure  of  replacement  of  bone  to  make  up  lor  the  normal  ahstfrji- 
tion  constantly  taking  place.  In  these  eases  the  bone  becomes 
extremely  fragile  from  the  increase  of  its  marrow-spai'cs  and  its 
genend  jKirosity.  Tins  condition  cif  fragility  is  tcrme<l  /Vm/ZWrt^ 
onKiti  m  ^  o  r  twt  ft ypsafli  yi 'OJ<i><,  (  )e*  'a  s i  i  a  la  11}'  this  eon  d  i  t  i  on  o  f  t  rag  i  1 1 1  y 
IS  met  with  as  an  idiopathic  disease,  without  definitely  discover- 
able t»an&jitiou  auti  witliout  evident  disease  of  the  bones.  Such 
eases  have  been  found  to  <k  cur  in  certain  families  througli  gevend 
generations. 
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Caries  is  a  torm  iipplied  Ut  the  molrriilar  cle^tnu-tioii  of  bone, 
corn's  [Kind  in  jij  to  ulccititiou  of  the  soft  imrtt^.  It  may  Ik*  asset- 
oial4'fl  with  os too nivr litis,  or  with  nrrroj^is  due  U*  ti-suirriatisin  or 
various  infet'tivo  ronditions.  The  chanj^es  confii*;!  in  pmirrossive 
Sfil^iiiint^  and  t'nnnbliiiL'"  of  the  hone,  with  eventual  det^tnution  of 
more  or  h*8s  ci>osicJenilile  areas.  Caries  is  e^perially  fre(|iient  as 
a  part  of  tuhert'ulosisi  of  the  boncg!,  and  will  be  described  in  con- 
nection with  that  disease. 

Necrosis. 

Defimtion.— Neerosis  is  u  tenu  applied  to  the  dejith  of  a 
small  ur  large  portion  of  bone  in  mass. 

Etiology* — Anion^  the  eauses  are  the  various  acute  or  chronic 
diseases  ol"  tlie  periostetnn,  hoiie-nmrrow,  and  atljaeent  bone.  In 
cases  of  pandent  periostitis  the  sepiimtiuii  of  the  periosteum  from 
tlu'  underlying  hone  leads  to  interruptiiHi  of  bhiod-supply  and 
superficial  necrosis.  Similar  results  occur  in  cases  of  asteomye- 
litis.  Necrosis  of  the  bone  may  also  occur  in  i-onsequenee  of 
embolic  obstruction  of  the  bUnKl- vessels. 

Pathologic  Anatomy, — Necrosis  may  hv  pttrilfii  or  fota^, 
and  may  oreiir  in  the  center  of  the  bone  or  at  the  peri[>hery.  The 
dead  {tortioii  of  the  bone,  tcrmcfl  .Hctpvsft'ftm^  present<s  itself  as  an 
irrep^ular,  more  or  less  eroiled  fragment,  almost  completely  or 
completely  separated  from  the  remaining  stnicture.  The  sepani- 
tion  tK^curs  by  the  process  of  demarcation,  as  in  necrosis  of  the 
soft  parts.  This  line  ermsists  of  an  area  of  absorption  of  the  cmU 
careoos  matter  and  proliferatiim  of  the  celluhir  elemeirts.  The 
necrotic  ]Kjrtion,  or  setpiestruni,  acts  as  a  ibreign  ImxIv,  and  by  its 
continued  irritation  keej^s  up  a  suppurative  inflammation  of  the 
surrounding  tissues.  Fistulous  communication  with  the  exterior 
is  usually  observed.  If  the  secpiestrum  is  periphend  and  h:ij5 
been  discharged »  the  periosteui^i  or  the  bone  may  replace  the  lost 
tissue  by  regenenition.  If  the  fmgmcnt  is  large  or  centrally 
placed,  discharge  is  im[»ossibIe  and  suppiinitive  inrtammation  con- 
tinues, sometimes  for  years.  In  these  cases  considerable  hyper- 
plastic material  may  be  deposited  over  and  around  the  sequestrum^ 
and  thus  irreguhtr  tlnckening  of  the  bone  mav  be  prfHbiced. 

A  peculiar  form  of  necmsis  is  that  occurring  in  consequence  of 
chronic  phosphorus-poisoning.  It  is  met  with  in  persons  engaged 
in  the  manufacture  ot*  phosphorus-matches,  and  affects  the  maxil- 
lary bone.  The  extsh^nec  of  carious  teeth  aids  in  the  develop- 
ment  of  this  form  of  necrosis,  pmbably  by  admitting  micro-or^n- 
isma  which  infect  the  bone  already  altered  Ijv  the  ]>oison.     The 

Crocess  begins  in  the  periosteal  and  subpc^riosteal  portions  of  the 
one,  and  ends  in  more  or  less  eouiplete  necrosis. 
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Associated  Conditions.— Long-stiuitiing  necrosis  causes 
gnjiit  deterinnitiun  of  tlic  genorjl  health,  ]>articii]arly  in  cases  in 
which  suppunitin^  sinuses  are  formed.  Hystemie  infections  may 
foUow  and  amyloid  degeneration  of  various  organs  may  in^eur. 


Osteomalacia. 

Definition. — This  is  probably  a  general  disease  leading  to 
absorption  of  the  botie-sjilts  and  to  other  changes  in  the  bone, 
which  cause  extreme  flexibility. 

Stiology. — The  causes  of  osteotnalaeia  are  still  obscure.  It 
is  a  disease  oeeurring  with  I'spet^ial  frequency  in  pueri>eral  women, 
but  it  may  occur  in  men  and  in  ui ui-puerpt^ral  women.  A  number 
of  theories  have  been  otlered  to  explain  the  disease,  but  none  of 
them  has  been  establislied.  In  stmie  resjieets  it  seems  not  unlikely 
that  it  is  a  trophoneun^sis*  It  is  particularly  frenpient  in  certain 
regions  (enilemie),  while  in  otlters  it  oeeui^  very  rarely  (si»OKidic). 

Pathologie  Anatomy. —The  ehangt  s  in*  tlie  l>t*ne  lead  to 
various  dei'ormities  and  changes  of  appcaranec.  Distortions, 
bends,  and  even  fractures  are  observed  in  the  long  l)oncs»  and 
deformities  due  to  abnormal  curvatures  of  the  spine  are  not  infre- 
quent. The  pelvis  show  s  peculiar  changes  which  may  prove  very 
troublesome  during  hibor.  Hie  eharaeteristie  cliange  is  a  beaked 
condition,  due  tn  <hsplaeenient  lorward  of  the  pulies  and  a  lateral 
indentation.  This  gives  a  triangular  form  to  the  outlet  of  the  pel- 
vis or  superior  stniit.  The  hone-marrow  is  often  quite  red,  and 
the  ptn'iosteuni  in  the  neighljorhood  of  Vjends  or  fnictures  may  be 
thickened  Uy  cellular  |n*oliferati(>n.  The  minute  structure  of  the 
bone  in  osteomalaeia  shows  a  more  or  less  projioimced  ahsorjitirui 
of  eahjareous  nuitter,  but  the  normal  huuelljir  arraugenu'nt  of 
the  bone  may  be  preserved.  In  the  region  of  l>t  nds  and  fractures 
osteoid  tissue  of  irregular  struct ure^  with  bony  corjinsch^s  of  con- 
fliderable  size,  may  be  observer  1 ;  while  in  other  situations  the 
regular  lamellar  arrangement  and  the  ordinary  sn>all-sized  bone- 
corpuscles  are  seen.  Irregular  areas  of  homogeneous  or  granular 
appeamncc  may  he  intersiH-rsed  w  itlun  tht-  ni>nnal  osseous  tissues. 
The  line  of  demarcation  lietwecn  suc^h  abnormal  nouH:'aleanous 
portions  and  tin*  nnaltc  red  bone  may  he  either  sharply  drawn  or 
diffuse. 

Associated  Conditions- — Patients  suffering  from  osteo- 
malacia are  usually  greatly  reduced  *>r  cachectic,  and  freqm  rjtly 
perish  witli  terminal  [ineumonia.  Som<^  cases  end  in  reeov<-ry  by 
restitution  *>f  the  hone.  It  has  been  elnimed  that  there  is  evidence 
in  all  cases  of  puerperal  women  of  scmie  bony  al>sorj)tion,  and 
osteomalacia,  therefore,  would  seem  to  \iv  but  an  exaggeration  of 
normal  conditions.  Normalty  the  sKght  bony  changes  are  cor- 
rected after  the  puerperal  period  is  passed. 
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INFECTIOUS   DISEASES. 
Tuberculcksis. 

Tabercnloris  may  occur  in  bones  in  several  forms.  Mtliarr 
tiiberelf^  may  be  found  in  the  bone^tnarrow  \x^  the  coarse  ot 
general  miliary  tuberculous^  and  local  tuberculoas  disease  of  the 
periofltenm  may  be  met  with.  The  most  Irequent  and  mogt  im- 
portant form  of  tnbereiiloftiis  m  tnbercoloas  ostitis  with  caiie& 

Etiology. — The  involvement  of  the  bones  is  nearly  always  4 
secondary,  the  fii^t  manifestationsi  of  tuberculosis  occarring  in 
other  structures,  notably  the  lymphatic  glands  and  the  lungs* 
The  original  focus  of  di^ea^se  is,  however,  frequently  small,  and 
may  remain  quiescent  while  the  lesion  in  the  lK>ne^  advancers. 
The  disease  of  the  bones  may  be  due  to  direct  extension  or  to 
hematogi^'nous  infection.  Not  rarely  the  joints  are  first  involved 
and  tlie  neigbljoring  bones  only  secondarily. 


Fin.  310.— Tubcrroloait  c&rtea  uf  uue  (»f  ihv  Ixitira  of  the  f<Mt:  a.  bonf  tzftlM^eulA:  fr, 
tabiffcle  with  <.'Meou»  center;  <-,  caaeAtlfui  lu  a  fctcuA  of  tubercaloiut  tl»ii«;  it,  glsnt-ceU* 
In  tuberclet ;  e,  («teoelui«;  f,  fatty  marrow  (KaufoiAtiD), 

Traumatic  influences  are  of  imporUmce  in  determining  tlie 
situation  of  hematogenous  tul»ercul4>.>is.  Tlie  tniumatism  causes 
circulatory  disturbances  in  the  bone,  and  thus  produces  a  suitable 
soil  for  the  bacilli  to  timl  lo<lgement.  Lk»ne-tuberculosis  is  most 
frequent  in  t^arly  life  ;  it  may  actually  begin  in  uiero. 

Patholo^^C  Anatomy, — -The  tubenmlous  lesion  of  bone  first 
presents  it'^Ifas  an  arm  of  ^niyish  color,  with  congestive  redden- 
ing of  the  parts  around  and  intcns*^  injection  of  the  bone-marrow 
in  its  vicinity.  Subsequently  there  arc  rapid  cheesy  change  and 
more  or  less  softening  of  the  area  of  inflammation.  Microseopioilly, 
tubercles  in  various  stages  of  degeneration  an*  discovered^  and  in 
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addition  ar^'as  of  diffuso  tul»cm(lnii8  granakitioii-tiHsiu^  and  (Mhcous 
degeneration  (Fig.  -^40).  At  the  same  tune  extension  oceors  at 
the  periphery  and  new  foci  are  estaldishetl.  The  entire  diseased 
areii  may  be  ^leparatLH]  ihmx  tlie  iminvolved  Ixme  as  a  sequestrum, 
but  more  frefjuc^ntly  there  is  f^radnal  earious  84)fteniiT^,  with  forma- 
tion of  semirtuid,  eheesy  material  i-ontainiii^i^  gritty  partieh*s  of 
bone  or  ealeareons  matter.  Complete  softening  leads  to  the  for- 
matitm  of  a  **  tuberculous  abseess"  (Fig*  341).  In  these  ca8€8 
a  more  or  less  irregnlar  cavity  is  formetl  within  the  bone, 
the  wall  of  tlie  eavity  being  eovered  with  a  pyogenie  mend^raye 
developed  from  tlie  marrow  and  its  extensions  into  the  Ifaversian 
e^inals.  The  contents  of  the  abseess  iire 
pnriform  or  i-heesy.  TIh'  j^riM^ess  tends  to  ex- 
tend U)  neighboring  parts,  partieularly  to  the 
pint^s.  When  the  abseess  has  pt-net rated  the 
eneasing  bone  it  may  s«pn>ad  within  tlie  soft 
parts,  thus  foi.^iing  large  tubt*reidous  abseesses 
(so-tidh'd  cokl  I'ft^etv^^of).  These  may  bnrrc^w 
along  the  plant's  of  the  tissues  to  eoasideraljlt' 
distunees  from  thr  point  of  formation,  jnvsent- 
ing  ut  the  sudare  of  the  binly  in  some  favor- 
able situation,  as,  for  example,  in  the  groin,  in 
ps<  las-a  b  sec^sses. 

Reactive  rhaiiges  may  tM-enr  hioally,  ami 
more  in'  less  restitution  may  lake  jihife.  Com- 
plete en*'aiit?u!ation  t»f  a  small  foens  may  oeeur 
by  the  formation  of  a  surrounding  zone  of  gnin- 
uUit ion-tissue  and  eieatrizution,  or  by  new-ibr- 
matiou  of  bone  occurring  after  the  activity 
of  the  tubereidous  jinM-ess  has  been  arrestecK 
Mbi'ii  adjacent  |Mtrtions  ol'  iirtieulating  liones 
are  involvetl  t!ie  integrity  of  t)je  ailieulation 
is  disturi)rd,  and  snbsetjuently  ankylosis  may 
be  establisht'd  l>y  the  formation  of  exosto.^\s 
and  tfieir  uju*on. 

Seats  and  Associated  CooditioBS.— 
Among  tlu*  lion*  s  more  frequently  atlWt<tl  jtre 
tlie  vertel>ra\  the  long  bones,  ]rartieularly  tlie 
feninr,  and  jvarts  of  tlie  skidL  In  the  vertebrae 
the  bodies  are  generally  affected,  and  angula- 
tion or  distortion  of  the  spine  results  (Pottos 
disease).  The  cold  abscesses  formtHl  in  these 
cases  may  bur  1*0 w  consirlend>Ie  distances,  pnint- 
i  n  g  far  be  I  o  w  t  h  e  j  r  1  ac  e « 1  f  o  r  igi  n .  T 1 1  t>se  spring- 
ing from  the  cervical  vertebra^  may  point  lie* 
neatb  the  mucous  niend>rane  of  the  pharynx  or  ifju/J'^jT^i^-^in  The 
esiiphamis,  or  anteriorlv  in  the  neck  above  the  lowerendof  ltlehuult- 
clavicle  r>r  shouhier.      1  he    abset^sse^    tormeo     Unt^v. 
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in  tube  re  I  do  LIS  rark's  of  t  lie  clorsjil  vertehrjc  may  point  under  Pou- 
part'y  li^ainent.  TubtTculnus  clist'a8e  of  the  petrous  pirtioii  of 
tiie  t*^ni|K^n»l  Ijoiie  is  not  iiifrecjnent  following  tnbereiilous  disease 
of  the  ear ;  it  is  important  iis  n  possible  ean.*e  rd'  tnlterculous  men- 
ingitis. Tubers 'ulosts  of  the  ht^arl  of  the  femur  and  of  the  hip- 
joint  18  one  of  the  most  frequent  forms  of  snrgical  disease  in  chil- 
dren. The  phalanges  are  soin€4imes  involved  in  early  childhood 
by  a  curious  ibrni  of  tubereolttsis^  in  wldcli  the  shaft  of  the  bone 
increases  in  size  hy  gitidual  abst^rption  and  tnbereulous  softening 
within  and  deposition  of  new  bone  from  the  periosteum  without* 


Syphilis. 

Syphilitic  disease  of  bone«  may  appear  in  various  forms.  Alhi- 
eion  has  already  been  matlc  to  the  eondensiition  of  the  bones,  or 
osteosclerosis,  in  this  disease.  Sy[)hi!is  may  also  *K?eur  in  the  jK^ri- 
ost^nnn  as  a  nodular  periostitis,  or  in  the  substanrc  of  the  bone  in 
the  form  of  degenerating  gumniatii.  Congenital  syphilis  gives  rise 
to  eertiiin  peculiar  alterations. 

Btiology.^^^ypbilitic  ehang<^s  in  bone  are  confined  almost 
exelusivelv  to  the  tertiary  period.  They  may  occur  without  other 
luetic  disease^  or  iis  eoneomitants  of  hepatic,  splenic,  or  otiier  vis- 
ceral discjrders.  The  disease  of  the  bones  is  frequently  tic  term  ioed 
by  local  injuries ;  especially  is  this  true  of  the  periosteal  forms. 

Pathologic  Anatomy. — St/phiflile  periostith  is  very  common 
upon  tlie  shin-boue,  h  ss  frefpient  in  the  pi*riostcum  of  other  long 
bones.  There  is,  tirst,  slight  swt*Iliug  of  tlic  periosteum,  (hie  to 
multiplication  of  the  cells.  Suljsequeutly  this  cellular  mass 
uudergoi's  gummy  or  muei>us  degonemtion,  and  the  mass  presents 
the  appearanee  of  a  small  gumma.  Superficial  erosiim,  or  even 
neemsis,  of  the  bone  may  take  place,  and  dis*'hai^  of  the  con- 
tents may  occur*  Following  this,  hypertrophic  [jroiu'sscs  in  the 
bone  and  adjacent  periosteum  lead  to  the  fiirmation  of  Imjuv  nmles* 
These  nndes  may,  liowever,  be  turmed  without  the  occurrence  of 
softening  and  discharge  from  the  periosteal  lesion,  the  process  in 
this  case  being  one  of  simple  ossifying  periostitis,  (jrummaki  of 
the  bones  gf-uerally  begin  in  tlie  <leeper  layers  of  the  periosteura, 
hut  tend  to  involve  the  bone  more  ext-ensivelv  than  the  form  ju^t 
dcscriljcd.  The  gummatous  in^ltration  auti  proliferation  occur 
aloQg  the  blood-vessels  itf  the  periosteum  and  extend  into  tht-  sub- 
stance of  tlje  bone.  (Considerable  areas  nuiy  tlius  be  implicated. 
The  bone  itself  is  absorbed,  or  may  undergo  rapid  caries  or 
uecn^sis.  Around  the  area  of  syphilitic  change  may  occur  a 
7^ne  (if  reactive  bvp-rplasia  of  the  bone  and  fRTiostcum.  The 
gummuta  themselves  l>cconic  cheesy  or  midergo  nnicoid  degenera- 
tion, and  eventually  may  discharge  upon  the  surface.  Syphilitic 
gumniata  are  most  fnMpicnt  in  the  bones  of  the  head,  tibia,  and 
etc  mum  t 
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CoEgenital  BTphilis, — The  bony  chants  of  congenital  syphilis 
are  quite  fhararteriMie,  The  alfcTations  oec-ur  at  the  junetioti  of 
the  epiphyses  with  the  diaphys*\s  of  the  long  bones.  Longitudinal 
gection  through  tlietse  partes  hhowB  the  line  lyf  ju  net  ion  as  a  bluisV 
white  or  yelIowish*white  irregular  zuue  alKait  2  or  3  mni.  in  thiek- 
ness  (Plate  7).  In  nir^re  advaneed  stages  this  line  heet^nies  thieker 
and  njore  yellow.  The  minute  ehauges  eonsist  in  pnjli fern! ion  of 
the  eartihige-<*ellt«  ant!  siilwequent  fatty  degenenit ion.  ilien)scupi- 
cally  the  [proliferated  cellular  elements,  fatty  r'ells  and  granular 
detritupj  are  eo!is[>ieuous  features.  TIk>  epiphy,<e,s  may  l>e  eom- 
pletely  separateil  fnun  the  ^ihuft. 

Associated  Conditions. — Invidvement  of  the  neighboring 
part^  is  not  infrequently  seen  in  syphilitie  diseases  td'  the  bones; 
tliUs  there  may  he  gummatous  intiltratioo  of  the  su|>erheial  tissues 
with  syphilis  of  the  bones  of  the  extreuuties,  while  in  the  case 
of  skull-bones  extensinn  inward  nuiy  lead  U*  invulvenunt  (if  the 
dura  ami  brain.  When  tfie  process  occurs  about  ihe  fnramina 
of  exit  of  nerves  the  slicaths  of  tlic  hitter  nnxy  bectmie  involved* 
Gummata  of  the  sternum  sruoetimcs  k-ad  to  the  formation  of  retro- 
sternal collections  of  purifornj  niateriat.  Amyloid  degeneration 
of  various  orgajts  frequently  ibllows  bone-syphiiis. 


Lepra. 

Changes  may  occur  in  the  liones  in  eases  of  mutilating  lepnw, 
or  nif>re  mrely  in  nervous  lepra.  Anumg  tlicse  changes  are  ostitis 
and  osteoniyelitb ;  conBiderabh'  destruction  of  the  bones  maybe 
prf>duee(L 

TUMORS, 

Bxostoses  are  frequently  met  with  in  connection  with  defi- 
nite disease  uf  the  bones  and  joints,  or  as  more  or  less  idiopathic 
outgrowths  (Fig.  46).  Tliey  may  be  mirtUuijinouH  or  Jibrmts  in 
character,  but  snbswpiently  may  Ix'come  osstouM,  They  present 
themselves  as  flat^  rounded  elevations,  or  as  more  ar  less  irreg- 
ular outgrowths.  8onietinu<  they  arc*  muNipie  and  involve  a 
number  of  lioues  of  the  skelcti»n.  In  sueh  easeHi  particularly, 
heredity  has  licen  elainied  im  an  impcirfant  cause. 

Fibroma,  lipoma,  myxoma,  and  angioma  nuiy  be  men- 
tioned among  the  tnu*  tumors  as  benign  growths  uceasionally  met 
with.     Tlicy  arisi'  most  frequently  from  the  periosteum. 

Chondroma  and  osteoma  are  more  conuuon  than  these,  and 
involve  any  part  of  the  bone  {Figs.  44  and  47). 

Sarcoma*— The  most  im[iortant  of  the  primary  tumors  of 
bone  is  sarcoma.  This  may  f>riginate  in  the  |KTiosteum,  bone- 
marrowy  or  the  bone  itself     It  may  be  spindleH:.*elledj  or  less  frc- 
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quently  round-celled  or  alveolar.   Sometimes  it  is  melanotic.    The 

fiant-cell  sarcoma,  or  osteosarcoma,  is  particularly  important, 
t  is  most  frequently  met  with  in  the  lower  jaw,  beginning  within 
the  bone  and  causing  a  more  or  less  rapid  swelling.  The  tumor 
is  surrounded  by  a  shell  of  bone,  which,  however,  sooner  or  later 
becomes  perforated  when  the  new  growth  spreads  to  the  neighbor* 
ing  parts  (Fig.  60).  In  all  forms  of  sarcoma  there  is  absorption  of 
the  bone-substance  in  the  vicinity.  A  form  of  sarcoma  springing 
from  the  periosteum  is  described  under  the  name  of  osteoid  sar-- 
coma.  This  tumor  consists  of  fibromatous  or  round-celled  sarcom- 
atous tissue  in  which  osteoid  elements  are  irregularly  embedded. 
More  or  less  calcification  and  bone-formation  are  obser\'^ed.  The 
tumor  may  be  quite  soft  or  very  hard ;  it  tends  to  spread  to  the 
neighboring  sou  parts,  and  may  give  rise  to  metastasis.  It  is 
particularly  frequent  at  the  ends  of  the  long  bones. 

Secondary  sarcoma  of  the  bone-marrow  is  not  rare  in  gen- 
eral sarcomatosis. 

Myeloma. — This  term  has  been  applied  to  a  form  of  multiple 
primary  tumor  of  the  bone-marrow  allied  to  the  lymphatic  ^wths 
of  leukemia  and  Hodgkin's  disease.  The  term  lymphadenta  ossea 
has  also  been  given  to  it.  Probably  a  number  of  distinct  condi- 
tions (some  of  them  secondary  tumors)  have  been  described  under 
these  names. 

Chloroma  is  a  form  of  sarcoma,  having  a  greenish  or  yellow- 
ish color,  that  is  met  with  in  the  periosteum,  especially  about  the 
orbits  and  other  parts  of  the  skull. 

Primary  carcinoma  of  the  bones  has  been  observed  in  a 
few  cases.  It  can  only  be  explained  upon  the  assumption  that 
islets  of  epithelial  tissue  have  been  deposited  in  the  bone  by  feulty 
development.  Most  cases,  however,  described  as  primary  carci- 
noma were  probably  in  reality  alveolar  sarcomata. 

Secondary  carcinoma  of  the  bones  is  not  rarely  met  \vith, 
especially  in  cases  of  cancer  of  the  breast,  thyroid  gland,  and 
prostate.  The  secondary  ncnlules  may  occupy  the  periosteum  or 
the  bone-marrow.  The  bone  becomes  exceedingly  fragile,  and 
fractures  are  not  infrequent. 

Cysts  and  Parasites. — Cystic  transformation  of  myxomata 
and  of  sarcomata  may  be  met  with.  Occasionally  dermoid  cysts 
are  observed.  Among  the  parasitic  diseases  Cysticercus  cellulossB 
has  been  described  in  a  number  of  instances. 
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CHAPTER  X. 

DISEASES  OF  THE  JOINTS. 

I^tlxatioii* — The  most  frt^tjuent  injiirv  of  joints  is  tliat  known 
as  luxation,  in  which  the  relations  of  artieuhiting  bonet>  are  dis- 
turbed. In  these  cases  the  li)[ranients  ami  other  soil  t issuers  around 
th^e  joints  are  more  or  less  t^J^l^  and  in  consequence  lie  come  in- 
flaiueih  If  the  hixation  is  rethiceil,  this  inflaniniation  subsides 
quickly,  and  frequently  normal  conditions  are  restored.  If  the 
luxation  persists,  various  secondary  changes  may  occur.  Anky- 
losis in  abnormal  positions  may  take  phiee  by  tlie  formatifm  of 
fibrous  adiiesions,  or  in  more  favorable  eases  a  false  joint  may  l^e 
established.  In  the  latter  cases  loi-al  atrojjlty  takes  place  in  one 
of  the  bones,  forming  a  deprcRsion  into  %vhi{!h  the  end  of  the  other 
file.  Liiter,  os^sifying  periostitis  j)roduces  an  elevation  around  the 
depression  of  the  stK'ket,  and  tfius  a  well-formed  joint  may  be 
produced. 

Ankylosis  is  th4.*  term  ap|ilied  to  the  condition  in  which  the 
normal  movability  lietween  articulating  bones  is  prevented  by  in* 
lerosseous  attachments.  Pathologically,  ankylosis  may  be  fihrouiif 
rmiikigiuottii^  or  bony.  All  tyf  these  forms  ai*e  met  with  after 
chronic  inllamnuitory  conditions  of  the  joints. 

DJSTORTIONS  OF  JOINTS. 

Distorted  conditions  of  the  joints  may  be  due  to  contnictioiis 
of  the  muscles  and  tendons,  or  to  cicatricial  tissue  in  the  neigh- 
borhood of  the  articuhition.  Changes  in  the  joints  themselves 
may  be  present  as  primary  or  as  secondary  conditit)ns.  Among 
the  more  impirtaut  of  such  defttrmities  of  joints  art*  the  various 
sorts  of  clUD-foot:  pe.s  varm^  the  sole  of  thr  ibot  tunu'il  in; 
p€M  rah/m^  the  sole  of  t!ie  imt  turned  out ;  y/'x  efpihtm,  the  foot 
extended  and  supporteil  u|Kin  tlie  anterior  ends  of  tlu*  metatarsal 
bones  ;  pfH  calcaneus,  the  fiiot  flexed  and  resting  on  the  hcek 
Combinations  of  tliese  conditions  are  irt^quently  met  with*  At 
the  knee-joint  are  found  :  f/emi  valgum^  in  which  the  knees  are 
bent  in  (knock-knee),  and  f/ena  varum ^  in  which  tlie  knees  are 
bent  out  (bow-legs). 


CIRCULATORY  DISTURBANCES* 

H3rperemia  of  the  joints  occurs  as  a  part  of  acute  inflamma- 
tions, and  involves  the  synovial  membranes  particularly.  The 
synovial  flni<l  may  be  increased  in  quantity. 

Hemorrhai^e  into  the  joint  may  result  from  tmumatie  causes 
or  from  inflamrnatory  conditions,  particularly  in  tlie  course  of  hem- 
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orrhi^ic  diseases,  notably  scur\'y  and  hemophilia.  The  blood  may 
remain  fluid  for  a  long  time,  and  the  joint  not  rarely  has  the  ap- 
pearance of  chronic  arthritis  with  effusion.  I^ter,  resorption  of 
the  blood  takes  place. 

Dropsy  of  the  joints  occurs  in  the  course  of  acute  and  chronic 
inflammations. 

INFLAMMATIONS. 

Acute  arthritis  may  be  traumatic  or  hematogenous,  or  in 
other  cases  is  secondary  to  disease  in  the  vicinity.  Hematogenous 
arthritis  may  occur  in  the  course  of  various  infectious  diseases, 
such  as  scarlet  fever,  small-pox,  pyemia,  etc.  In  the  same  group 
must  be  considered  acute  articular  rheumatism,  which  is  doubtless 
an  infection  conveyed  to  the  joint  through  the  blood. 

Pathologic  Anatomy. — Various  forms  may  be  distinguished, 
such  as  the  dry  or  fibrinous,  the  serous,  and  the  seropnrulent  In 
all  cases  there  is,  first,  a  deep  congestion  of  the  synovial  mem- 
brane. The  ligaments  and  the  cartilage  are  more  or  less  impli- 
cated at  the  same  time.  The  terms  synovitis,  implying  involve- 
ment of  the  synovial  membrane,  and  panarthritis,  implying  gen- 
eral involvement,  may  be  applied.  In  the  drj'  or  fibrinous  form 
there  is  a  deposit  of  fibrin  upon  the  surface,  with  or  without  serous 
exudation.  In  the  genuine  serous  form  the  exudation  is  purely  ser- 
ous, but  more  commonly  seropurulent  liquid  is  observed.  Entirely 
purulent  exudate  is  sometimes  formed  (empyema  of  the  joints). 

Results. — In  the  milder  cases  complete  resolution  may  take 
place  without  destruction  of  the  tissues  of  the  joint.  In  the  more 
serious  eases  there  is  inflammation  of  the  articulating  cartilages, 
with  consequent  ulceration  or  caries,  or  even  considerable  necro- 
sis, of  the  cartilajxe.  The  underlying  bone  may  be  laid  bare,  and 
ostitis  or  osteomyelitis  may  result.  Sometimes  discharge  of 
purulent  material  into  the  surrounding  tissues  occurs,  and  fistulous 
communications   with    the    exterior    may  be    established.     These 

[)rocesses  may  load  to  extensive  disorganization  of  the  joints,  with 
uxations  and,  in  later  stages,  ankylosis. 

Associated  Conditions.— General  systemic  infection  may  follow 
these  a(!ut<'  inflammations  of  the  joints. 

Chronic  arthritis  may  be  due  to  a  variety  of  causes.  It 
may  follow  the  acute*  forms  already  described  or  may  be  primarily 
chronic.  Anion<r  the  more  important  eaus(»s  are  traumatism  and 
certain  infections.  It  occurs  in  the  course  of  gout  and  in  certain 
nervous  diseases,  probably  as  the  result  of  disturbance  of  the 
trophic  mechanism.  Chronic  arthritis  of  the  aged  has  perhaps  a 
similar  causation,  and  rheumatoid  arthritis  is  nearly  allied. 

Pathologic  Anatomy. — A  variety  of  forms  may  be  distinguished. 


DISEASES  OF  THE  J(/iyTS. 


781 


The  same  etiologic  factors  may,  liowe\*er,  give  rise  to  one    i>r 
annthrr  in   iiKlivitliinl   enses. 

Chronic  eerouB  arthritis,  or  hydrops  articulomin,  is  fre- 
quently iJiie  to  repeiitcMl  aente  arthritic.  The  joint  is  fiUed  with  thin 
synovin^and  the  syntivial  nienibnuie  is  soniewljat  thickened.  The 
surfiur  of  the  joint  may  l>e  more  or  less  e over ed  with  an  iiij(^et<'d 
synovial  niend>mne  {Hi/novifm  parmoiia).  The  knee-joint  is  most 
frequently  involved. 

Chronic  purulent  arthritiB  is  always  infeetiou^,  and  is  usually 
the  outcome  of  an  acute  eeropurulent  or  purulent  arthritis.  The 
conditions  met  with  have  already 
been  described.  It  terminates  in 
more  or  less  extensive  tlisor^imiza- 
tion  of  the  joint,  and  in  favonddi- 
crises  in  fibrous  ankylosis  (Fi^,  342). 

Arfbriii^  deformtttiH^  or  rhtHirm- 
toid  arthrilh,  oeeurn  in  persons  past 
middle  age,  Ijut  sometimes  in  youn^; 
j>ersous,  and  even  in  ehildhoud*  (  V»n- 
stitntional  depression  and  exposnre 
seem  in  some  way  to  predispose. 
There  are,  first,  altenitious  in  the 
eartihi^es  of  the  jcunts,  eonsistiug 
of  softening  and  uleenition  or  ero- 
sion, wliieh  make  the  snrfaee  irreg- 
ular and  rou^lu  At  the  same  time 
mynw  hyprplasia  of  the  eartilajre- 
eells  takes  place,  bnt  the  liyperpla,— 
tie  elements  sul;seipirntlv  nnder^ns 
defeneration,  and  are  ahsorl>e(L  In 
this  way  the  cariihifce  is  gnidnally 
reduced  and  the  ends  of  tlie  hone 
laid  hare.  The  synovial  membrane 
and  Ji^iiments  at  trie  same  time  beeome  thickened  by  hyperplasia. 
Subsequently  the  artieulattn^  end  of  the  hone  is  involved.  There 
Ls,  first,  ahsurjrtion,  luul  seeondarily  prolifemtive  elianges  at  the 
periphery  of  tiie  articulation,  in  the  form  of  exostoses  or  osteo- 

f»hytes.  The  joint  is  considerably  deformed  and  thickened,  Sub- 
nxations  are  common,  and  the  deformity  leads  to  immobility  of 
the  joint,  or  ankyhjsis.  This  form  of  arthritis  is  particnlarly 
common  in  the  uietacarpo-phalangeal  joints  of  the  hand,  and  in 
the  other  small  joints  of  the  hands  and  feet  (Fit^.  343).  Later 
the  knee,  elbow,  and   vertebral  artieuhiti*ius  may  l)e  involved. 

Chronic  dry  arthritis  with  ulceration,  or  semi©  arthritie,  is 
particidarly  eonnimn  in  the  hip-joint  {malum  t^oxm  Heniie),  There 
is  gradual  absm-ption  of  the  cartilages  and  of  the  expo.sed  surfaees 


chronie  puruk-iit  arthriOs. 
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KiG.  343.— Rheumatoid  iirthrltis.  showing  eittensive  deformity  of  the  h&ndjL 


^ri.  7U4.— NcuropAthlc  anhriUs  of  the  kne«?  in  h  inae  nf  locomotor  utaxlA  (ciM  of  |ir.  C 
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of  the  boiu\  Subsequently  the  surrnuiKling  part«  of  the  bone 
imdcrpi  seUTosis  and  ii\|K*rj>hipiii,  Tlie  ciiunf^es  are  similar  to 
those  of  Hieuniatoid  arthritis,  but  are  more  slowly  tle%'elop€d. 

Neuropathic  arthritis  is  mi-t  with  in  the  course  ol'  spinal  dis- 
esL^s ,  s  lie  hash  k'  on}  oto  r  a  ta  x  i  a  a  r  i  i  1  sy  I'i  n  ^o  n  i  v  e  1  i  a  ( l""  ig .  3  4  4 ) .  It  re- 
semldes  the  Jbrnis  just  deserihed,  is  shnvly  devehiped,  and  is  n^sually 
«{uiti'  painless,  HUg^estinjj^  a  purely  degenerative  ur  tropliic  disorder. 

Gouty  Arthritis. — (Tnut  is  a  eonstitiitional  disease  with  a 
teuih^ney  to  a  iiei-uliar  hirin  of  artliritis.  Tiie  latter  <M>nsists  in 
the  deposit  of  erystuls  of  urate  of  Hjdiuni  and  ealeinni  in  the  eaiti- 
lage-cells  ami  in  tercel  tular  substance  of  the  artieulations,  and  in 
more  advaneed  eases  in  the  etJnneetive  tissue  of  the  jointj^  and  the 
tiBsues  round  the  joints  (Fi;:,  345),    These  c»rystalliue  deposits  oeeiir 


TiQ.  94& — Bepottit  of  cryaliilfl  of  urate  of  biKliuui  In  au  utriiLulur  cartilage  (Lancf  rt'ftiix)^ 

in  definite  attacks,  as  a  rule,  each  attack  (gouty  paroxt/sm)  being 
marked  by  influnnoatory  processes  in  the  joint,  ilyperemia  of  the 
synovial  membrane,  with  serous  etliisions  and  with  snuietiuies  more 
evitleiit  iidiamuiatory  nianitestations  (hyperphisia  of  the  cartilage- 
eel  Is  and  round-eel  1  iuJittratitMi),  is  oliserved  during  the  parox- 
ysms,  and  by  tiieir  rej>etitiou  ehronie  changes  in  the  joint  are 
pnxlueiHb  The  cartilages  may  become  more  or  less  crtHled,  and 
even  carious  changes  antl  suppunition  may  take  place.  The  joints 
most  fre<|ucntly  involved  are  the  sifudl  joints  of  t)ie  hands  and 
feet,  notably  the  ruetatarso-pliahingeal  joint  of  tlie  great  toe.  The 
larger  artjeulalioiis  are  less  commonly  involved,  and  nsnally  after 
the  smaller  joints, 

Assoc iatetl  CoaditioHS. — The  pathology  of  gout  is  l>y  uo  means 
ctinfined  to  the  changes  in  the  joints.  The  disease  is  a  general 
one,  and  j>athoIogie  changes  an^  lound  iu  various  organs.  There 
is  a  tendency  tii  tine  ken  iug  of  tlie  ld*iod- vessels,  to  atheroma^  and 
to  S4?lerotie  changes  in  the  kidney,  liver,  and  heart ;  and  u ratio 
depc>sits  may  *x*etir  in  the  organs  named  or  in  the  subeutaneous 
tissue  or  siiperheinl  cartilages,  su<di  as  those  of  the  ear  and  nose 
(ffoijtif  kiphi),  (Vmcretioni*  or  calculi  are  fit^queutly  Ibrmed  in  the 
kidney  or  bladder. 
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INFECTIOUS  DISEASES. 

Tuberculosis. 

Tuberculosis,  when  primary  in  the  joints,  usually  begins  in  the 
synovial  membrane.  Frequently  it  is  seeondan-  to  tuberculosis 
of  the  adjacent  bone.  In  such  cases  any  part  of  the  joint  may  be 
first  involved. 

Btiology. — Tuberculous  arthritis  is  most  frequent  in  child- 
hood, and  occr.rs  in  those  predisjwsed  by  heredity.  The  immedi- 
ate determining  cause  may  be  traumatism,  this  serving  to  localize 
the  disease  in  a  joint  rendere<l  peculiarly  susceptible.  Tubercu- 
lous arthritis  is  frequently  secondary  to  scrofulous  disease  of  the 
skin  or  glands,  or  to  pulmonary  tuberculosis,  but  is  often  primary. 

Pathologic  Anatomy.— The  changes  met  with  in  the  joints 
vary  somewhat  in  different  cases.  In  instances  beginning  in  the 
synovial  membrane  there  are  formed  more  or  less  abundant,  soft, 
spongy  granulations,  which  may  eventually  fill  the  eiitirt*  joint- 
cavity.  These  are  pinkish  or  whitish  in  color,  and  may  show 
gray  or  yellow  spots  or  tubercles  quite  plainly.  Later  this  granu- 
lation-tissue tends  to  degenerate,  becoming  mucoid  or  breaking 
down  by  suppurative  or  cheesy  change.  In  the  early  stages  the 
soft  tissues  of  the  joint  are  considerably  inflamed  and  edematous ; 
later  they  may  show  ulcerative  or  necrotic  change,  and  similar 
alteration  may  occur  in  the  articular  cartilages.  Puriform  soften- 
ing of  the  granulations  and  the  tissues  of  the  joint  may  lead  to  the 
development  of  cold  absoesnes  within  the  joint,  and  the  latter  may 
eventually  burrow  to  the  exterior.  In  cases  progressing  unfavor- 
ably the  joint  is  greatly  disorganized  by  the  advancing  necrotic 
changes.  The  abnormal  productions  are  either  discharged  or  in- 
spissated, and  ankylosis  of  the  joint  by  fibrous  adhesions  takes  place. 

The  external  appearances  of  tuberculous  joints  are  often  quite 
distinctive.  Tlie  joint  is  swollen  and  boggy,  or  somewhat  elastic 
to  the  touch,  and  usually  more  or  less  distortcnl  from  subluxation. 
There  is  little  evidence  of  acute  inflammation.  In  eases  termi- 
nating in  ankylosis  the  bones  are  generally  Ic^ft  in  faulty  position 
in  ('()ns(»(|uenc(»  of  the  formation  of  adhesions  and  tlie  irregular 
contractions  of  muscles. 

Secondary  Disorders. — Long-standing  tuberculosis  of  the 
joints  occasions  profound  disturbances  of  the  general  health,  and 
sometimes  causes  definite  disease,  such  as  amyloid  degeneration  of 
various  organs.     Disseminatc»d  tuberculosis  rarely  results. 
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Syphilis* 

Syphilitic  disea-se  of  the  jnints  itiiiy  rH^eiir  in  hereditary  hies. 
The  eurtihi^es  of  tlie  joints  are  (^nnled,  aiid  thit^k^^uiu^  of  the 
li^nipnts  with  piiriforni  exudation  into  the  joint  is  ohsiTv^nL 
The  phalaniroal  articulations  are  mo.st  fretjuontiy  involved.  In 
later  life  gomniata  in  the  neighborhood  of  the  joints  may  invade 
the  latter  by  eontignity. 

TUMORS. 

HyiJCiplastie  conditions  arr  met  witli  in  the  synovial  fringes 
of  the  joiutjii  in  a.ssf)eiation  with  artliritis  or  independent  of  sucli* 
Tiie«e  hyperplasia's  may  take  the  form  of  jihf^o'its  growlhHj  or  they 
may  beeonie  ilpomdtous.  An  interesting  form  of  new  growth  is 
seen  in  the  scj-n^tillcd  rice-bodies.  These  are  small  hbrons  or  earti- 
lagintjus  boilies,  up  to  the  size  of  a  small  nut,  whieh  are  entirely 
free  in  the  joint  t>r  attached  by  a  fine  pedic*le  to  the  sync* vial  luem- 
brane.  They  are  formed  t'rom  the  synovial  fringes,  and  pmlmbly 
resnlt  from  injnry  in  most  eases.  Tlie  joints  may  be  secondarily 
involved  in  various  forms  of  bony  tun)oi*s. 

THE   TENDON-SHEATHS  AND   BURS/E. 

Inflammations  of  the  stieaths  (if  tendons  {itnfmi/nomiiH)  and 
of  tlie  tnirste  (httrHifis)  ociiuv  under  similar  eireumstant*es  and  in 
similar  forms  as  inHanimations  rtf  the  jcMnts.  A  form  of  ehronie 
l)ursitis  with  drnpsical  eHlisifHi  fn([U(ntly  oecni>;  in  the  bursa 
beneath  the  patella  fnmi  ebnuiie  irritation  (iHinsenmiiFs  knee),  and 
in  the  tnir.sa  at  the  joint  of  the  elliow  (miner's  elbow).  These 
conditions  are  analogcnjs  tt>  hydrops  artieohrrnm. 

Gang^lion  is  a  condition  of  the  t^mdon^slieaths  of  some  elinieal 
interest.  It  jiresents  itself  as  a  ronnde*l  eystie  nodnle,  must  ire- 
fjuently  upcm  the  l>aek  of  the  hands  and  wrists,  Distinrt  Jluctna- 
tion  may  be  discovered,  or  the  eyst  n*ay  l>e  i^o  dense  that  it  leels 
stony  hard.  The  ganglion  results  from  a  localized  dropsical  con- 
dition of  the  sheath  of  the  tcnilrais,  with  frequently  a  latend 
hem  ions  projection.  A  similar  condition  is  sometimes  caused  by 
projection  of  the  synovial  membrane  of  the  join tij. 
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Congenital  malformations  are  occasionally  met  with,  such 
as  absence  of  a  part  or  of  an  entire  muscle. 

HYPERTROPHY. 

Hypertrophy  is  frequently  produced  by  athletic  exercise  or 
laborious  occupations.  This  affects  the  parts  brought  into  play, 
and  is  proportioned  to  the  amount  of  work  and  the  constitution  or 
condition  of  the  individual.  The  muscle-fibers  increase  in  thick- 
ness and  probably  also  in  number. 

Sometimes  muscular  hypertrophy  is  met  with  in  cases  in  which 
no  adequate  cause  is  discoverable.  Thus  in  local  or  general  giant 
growths  the  muscles  may  be  involved  with  other  parts. 

Pseudohypertrophy  will  be  discussed  among  the  degenerative 
conditions. 

CIRCULATORY  DISTURBANCES. 

Anemia  of  the  muscles  may  be  part  of  a  local  or  general 
anemia ;  it  is  often  quite  insignificant  in  comparison  with  anemia 
of  other  parts.  In  some  of  the  general  anemias  the  muscles  may 
present  a  dark  appearance,  due  to  degenerative  conditions. 

Hyperemia  is  physiologic  during  and  after  exercise.  It 
occurs  as  an  active  process  in  association  with  inflammatory  con- 
ditions an<l  as  a  passive  congestion  in  casos  of  vascular  stasis. 

Hemorrhages  may  be  traumatic,  or  may  result  from  rupture 
of  the  vessels  in  consequence  of  inordinate  bl<Kxl-pressure  or  local 
degeneration  of  the  vessel-walls  and  the  surrounding  muscle-fibers. 
Among  the  conditions  in  which  hemorrhage  takes  place  are  tetanus 
and  other  convulsive  disorders,  fevers,  and  hemorrhagic  diseases, 
such  jis  scurvy,  hemophilia,  and  septic  diseases.  The  hemorrhages 
may  (x'cur  in  the  form  of  small  extnivasjitions  between  the  filx'rs, 
or  of  more  extensive  infiltrations  in  the  intermuscular  planes.  In 
cas(»s  of  traumatism,  scurvy,  or  hemophilia,  considerable  blood- 
tumors  may  he  formed,  the  muscle-fibers  being  pushed  aside  or 
torn  apart.  The  blood  is  more  or  less  rapidly  absorbed.  Pigmen- 
tation and  fibrous-tissue  proliferation  may  result. 

Embolism  of  the  arteries  or  thrombosis  of  the  veins  does 
not  pHMluce  s<Tious  disturbances,  as  a  rul(\  In  c^ses  of  embolism, 
secondarv  results  mav  fi)llow  if  the  embolism   is  infective. 
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INFLAMMATIONS. 

Inflammation  of  the  muscleSp  or  myositis,  may  hv  acute 
or  dironie,  uiul  may  prosrnt  itHelf  in  a  vurif^ty  nf  forms.  Acute 
rnyositis  may  Uv  Incal  or  (liiist'rninatuiL 

Irocalized  Acute  Myositis*— This  furm  may  be  (ke  to 
injurie.s,  such  as  t;!Outnsi<in>  of  tlio  miLseh;'8  or  wounds  communi- 
cating with  them,  or  may  be  infectious  in  character,  rcsiiltiug  from 
the  direct  extension  4tf  infections  diseasi's  of  the  skin,  suljctitancous 
tiBSues,  bones,  ami  otiier  adjacent  parts,  or  from  cmliolisni.  A 
fien>us,  a  Iicmorrhafrie,  iin<l  a  purulent  form  may  he  distinii:uishcd. 

Serous  myositis  is  characterized  by  an  cilematons  condition  of 
the  muscle,  which  gives  it  a  peculiar  gidatinous  appearance  on 
section.  Micn*scopically  there  is  cellular  intilt ration  of  the  nni>i- 
cle4>undles»  wliile  the  muscle-fiJjers  themselves  become  swollen 
and  suffer  granular  degeneration  or  hyabne  change^  and  some- 
time*^ vacnolation. 

Hemorrhagic  myositia  is  an  iTitense  form,  and  is  met  with  in 
muiscles  adjacent  to  gtm^renousor  plde^njoiious  lesions,  malignant 
ptistnles,  and  the  like.  Myositis  ocenrrintr  in  scorhntit^  individuals 
is  frequentlv  of  the  hemorrhagic  form,  as  is  also  that  which  occurs 
in  conscipicnec  of  the  sting  of  venomous  snakes  or  other  auimale. 
The  muscle  becomes  more  or  less  tenHcly  swollen,  and  on  section 
tlie  hemorrhagic  inhltratit»n  is  plaiidy  visible  as  a  diffuse  pixjcess 
or  as  localized  areas  of  hemorrhage. 

Suppurative  myositis  mny  be  ci  renin  serf  bed  or  diffuse,  Circnni- 
tH^ribed  jtjyosjtis,  or  abscess  of  the  muscle,  may  result  from  entrance 
of  micro-organisms  through  the  lymphatic  or  vascular  cir*"nlation> 
or  it  may  be  ibie  to  traumatism,  with  communi<"ations  irom  the 
surface.  Occasirmallv  suppurative  iutlammati^>n  (»c<*urs  in  an  ob- 
st*ure  manner,  when  the  term  cryptogenetic  myositis  is  ap|}licable. 
Distinctly  metastatic  abseesses  may  be  (occasioned  l>y  embf^lism. 

In  assoeiation  with  suppurativt*  intlammatiiaisof  theskin  orstd)- 
cutancfjus  tissues  and  tlie  mueons  mcmbnmes  there  may  be  sero- 
purulcnt  or  phh'gmonous  myositis,  with  the  Ibrnmtiun  of  irregular 
abscesses.  In  thc^se  cases  the  lesion  spreads  by  inliltnition^  antl 
the  unis<'le- fibers  uiulcrgo  wides(*read  dcgcncmtion  (tatty  degenera- 
tion, hyaline  change,  and  neemsis).  Abseesses  in  the  muscles  ex- 
tend and  rupture  in  various  directions,  untl  may  leave  consider- 
able areii>  of  sear-lbrmatiiai. 

Disseminated  acute  myositis  or  polymyositis  nmy  ajn 
pviiT  without  any  detinite  cause,  siauetimes  in  a>srK'iation  with 
tubereuhvsis  of  the  lungs,  or  as  a  distinctly  scf^ondary  at!c  ction  in 
asso<aati(ui  with  infections  diseases,  like  typhoid  fever,  diphtheria, 
etc.     In  the  primary  ibrm  there  may  be  widespread  nuisenlar  dis- 


■- 1»  'I.  ^  •:_■'  f  "LI-  ••  •r.-"!:T'-'.'i.?'  n.'  .ii !/■:-_  !!.•"- -r  '-'.-t  r>.:s-.-"-iVir  '•'**>- 
-I.  -  '  ■•'.*•'  '..  -.>•„.  ":  T  .. "ir.:  '\LZr  lt-  '  -  '•:".--*  .r.>:i:».>>r'  ■■r"  :>«■  k:i>«J 
Zj-zT'  r-T-rr-i  :•  .  Exi:..--..?:-  •:  :  ::  -  :.  .:?-  .r-^  -C*.*  -^r  jtl'-r  '.'f  iht 
t-<^jT-  L^  ■-  r'.'Zj'.'zz^r^  "i"-^:!-  ir::i.*  :  .r'^.  13' nzi  c-  Mi-  r^.r^-^'pi- 
''^,'' ZL-.T-   i.Tr    ir-i'ilir  ir.f  1tts.T'!  c  rt-Ti^rr  i.  tJ  -    T-L-s.  .:•>—£  t  It  IS  and 

•  ^-].ii;j.  TJ  .11  1  *?"-  -:  f:rli:?  1  :  ::-r  f.>.Tv  :i".rL?*:lvf<u  M«>iv 
ir;viz,^*i  ir-iTr  1- ri:: .1.^  •:*::.-  £>>,  >-'.:.  i>  rr^s-r-z'-iir  ihani^-, 
: •  tij". li. ?"■ .  i-ir*.  r  ri :?.  ai- :  vs  /i^. '. ji : :  i .  tj.lj  ': •:  -  c^rr  rw- ri^i .  Tht- 
t5- ir-i  1.-^  >>  '.  t^.  :lv.:r  rur.-  ::  r;:.'.  •  i:r:.  ::'.-.  !•  -w-r.  iini  niMn- 
•r  !^-~r  :«il*7  r\-^ul>.     ^^>.l  i^r-vTir.^  ::•  ::..:>.  .:r    :*  li-t.  pLar^ns 

■: -ir-ri- ritivr  :■  ^  ^rrv^vr  rxtci:  :!,ir.  ::.::ir..iii:..-rr.  a^J  will  U* 

Chronic  myositis  n.iy  >    s.:; :  .ir-iiivt    ir:  TT|.t   .-r  pp^liu^ 

CbrcRiic  sspparatiiT  myositis  r.u.v  >.  ::.-     :::,-  r.:^   ••:*  aoi:i<  -up- 

«     -         .        .       -        .         *         * 

Chromic  prodnctiTe  mjosnis  is  oh;iT:iv.:^r:.--r5  :\v  the  lomiation  of 
o -aar-'tivr  riss::--  i-.  :w-.rn  :h-  !i::;>.'-~r^:-:rs-  The  nlx-is  thom- 
rr-  ]  V.-? .  2.-  a  m I  r .  u r. = i^  T^.. . : *: -^^  i^t  Tti : :  V  T  -.  "r-.s  ro  -s.  i  h^Murh  ixx-aa^ii m- 
s ! ! y  *  1  •  w:  n j  rv^.  n *.  rj : i-; -n  :■  •  >.  •  r.ir  t  x t •. :: : .  T : . ;-  i\  •miit  ion  niay  Iv 
i:.-  z-iTziiiii^z:  :i  "f  a?::c  ::;y.>i:::s.  -r  ::  :  .ly  •vur  in  tho  vicinity 
'•:'  v:ar!  •>  [■•"viiz*/-:  •ii-ri^^r.'S  ••:  ::.•.  r...:- '.--  r  vf  thi-  noi^hN.»r- 
:::j  Tinr:*,  I::  -  :::r  AiT-.s.  ::  r.  :  ../..  ::.-  prir.iarv  i-hanirt'  is 
■j-j*^n*  rj.1  ■:;  :"  ::.-  ::.::>.!•-:::•  >.  :.v.  :  ::.-  i:.:-.  r^titial  or  tibn.nis 
:>s  ;^;  :*  r-:i-  ::vv  in  •  Liri  t-.r.  S  v.-  .  :  :::•  .-isi-s  will  he  i^^n- 
ri'l- r-1  :ri  !•  r  ::»■  hi^i :  :"  ::.:>  ....r  :i:r*  v:r.is.  The  ohani^-s 
::.i:  --'-"r  :::  ::;•.  ::«:':  r-:::::/i  :>- :■  :  :':.•  :r.i:«s.'K'S  d^nsist  pri- 
:.\Ar'.W  ■:  i«r  '.::■.  n\:':^  •:\  :\:\\  r  ::*  :-  l^>i  "::l:ni:i.«n.  Later  therv 
>  ! -r::-..::  :i  ■  :'  nr:n  .^■■.;:i-\  :iv.  i"^-;:-. .  r^>:v.o  multiplication  of 
::.-  ::::-".—:■;  '-.i  :i:i'i  :•.  viil  ir.  r-a-  ;::  -ir*  of  the  niiii^'lt'- 
ri fr  r-  : ; .  iv  : -  •  •: '^r  rv^\.  1  >..-■:.•  r.i: i  ::  •  :'  : he  ni as<*lt^tibeis. 
h  ■'.■■■  r.  i-  ::.  T'-  |»r-.  v..::i- ni,  ::!.  :  i-  j- :.•  rally  in  pn.^p^>nion  to 
t:*v  'i-jr :*  '"iiii'XT'.vtMi --::•.    rbaii J^ .      The  tiller?  mav  show 

•  1  -liv  -'.v- 1.  :.^  .'F  i.y;;!inr  ..  :.a:iir«.v*,  •»?  '.r.'n-  ^vraplete  dt-genera- 
I :  ■  •:  I .  -  111.  h  a  s  i at  ly  •  i-  ^r  nt  r.i :  :•  •:) ,  I'ra  j::  : . . ::  :a  i  ;*  »n ,  or  vacuole-fomia- 
ti'-n. 

Ossifyingr  myositis  is  a  variety  ••:* :  :^*lnttive  myositis.    It  niay 

•  •■•■":r  in  the  ivru  .if  hony  nmlul-:-  :::  pan<  suhjectoil  to  constant 
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irritation  or  sitrain,  as  in  the  case  of  tlie  d^^ltoid  iiiuselc*  in  soldiers 
mv\  the  afldiK*tor  muscles  in  fiorsenien.  Siniilnrly,  in  the  vicinity 
of  iliseasr  fit"  the  Iioiies  an*!  j^'riostennj,  ntxhiles  miiy  develop  in 
the  inii!?ele.  A  fiirin  rvf  more  general  disease,  termed  mi/oKifia 
oHniJieawi  pror/remva^  has  been  observed  in  yontiifnl  persons,  witli- 
out  diseoverable  canse.  It  affeeti?  the  musoles  of  the  back  and 
neck,  and  sonu^times  thase  of  all  parts  of  the  bcnly.  The  muscles 
are  swollen,  and  first  present  inflanunatury  nianifestittions,  termi- 
nating ill  fibrous  ehan^e  whicli  tiually  leads  to  l>onc-foniiation. 
Tlie  osseous  tissue  is  at  f5i>^t  in  the  Ibnn  of  s[>icules  or  small 
nodntes,  but  gradually  increases  to  eonsidf^rable  [H'oportions.  The 
mnseles  tbcnisclv(*s  e<tntraet,  and  various  deformities  witli  jjseiido- 
anky loses  may  result.  The  nniseles  of  the  face,  diaplim|^m,  and 
heart  are  nnaffected,  A  pet'tdiar  njalft>rnKition  has  liecn  fmjnd 
associated  with  75  per  eent,  cd*  the  eases.  This  is  a  form  of 
mirnKJactylism — ankylosis  of  the  pltidantres  of  the  thumb,  and 
lack  of  one  pliahinx  of  the  great   toe  mi   both  sides. 

ATROPHY  AND  DEGENERATIONS. 

Hevenil  forms  of  atrophy  are  reengni/erL  Certain  eases  are 
<ie'[M»ndent  upon  disease  of  the  spinal  cord  or  nerves  (neurnpatljit; 
forra),  others  4:»i!cur  as  prinuiry  disea^s  of  mnsc^les  (my(j|»atlnc 
form),  and  in  another  ^rraip  the  change  is  due  tosim)>le  nntritional 
processes  (simple  and  senile  fi>rms). 

Neuropathic  muscular  atrophy  may  be  t!ic  result  of  dis- 
ease of  tlie  iujtcrjor  horns  of  the  gniy  matter  of  tlie  cord.  T*)  the 
cases  in  which  this  lesion  ts  tlje  underlying;;  pathologic  condititHi  the 
term  proffre^nivc  muMculur  atrophy  hits  been  apjjlied.  The  wiusea 
of  this  disease  are  obscure. 

It  leads  to  pnigressivc  atropliy  of  the  muscles  of  the  bands, 
armSj  and  sbouhJcrs,  ami  less  frcqnt^ntly  of  tliose  fd'  tiic  Ijudy  and 
buttocks.  It  nsually  begins  in  the  small  muscles  nf  the  lamds, 
but  sometiTncs  afleets  those  of  the  shoulders  lirst.  The  muscles 
bcH*ome  pale  and  rather  flabby.  Microscopieally  the  fib<*rs  show 
various  forms  of  degencratitm.  Fnigmentation  in  a  longitn- 
dinal  or  in  a  transvei-se  ilireetiim,  eoagulation-nei-rosis,  and  occa- 
sionally fatty  degeneration  of  the  fibirs  may  be  seen.  84jmetime^j 
the  fibers  seem  to  grow  smaller  Ijy  a  sinijde  utniphie  |»rocess  (Fig. 
346).  Coiueidcntly,  reactive  proliferation  is  seen  in  i In  connective 
tissue  between  iibei*Sj  and  dou!)tiess  this  to  some  extent  eausee 
further  muscular  ilegencration.  The  mnsele-t^ells  themselves  may 
proliferate  f^uite  extensively. 

Secondary  neuropathic  muscular  atrophies  may  cjeeur  in  various 
spina!  diseases,  such  as  syringomyelia  and  in  deg-cnenitions  follow- 
ing eerebnd  disease,     Tht»se  are  essentially  similar  in  chameter  ta 
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the  primarjr  oettropalliiG  variety^  though  their  diiucal  chamcier  is 
different.  iSectioa,  disea^,  or  injury  of  motor  Derres  may  le»d  ti> 
local  atfophiPB  bv  aqMuating  the  mu^Ie^  from  their  tndphic  cen- 
ten  in  th**  f*i*n\, 

Hyopathic  mtiSCtilar  atrophy  ^iccurg  in  children  and  Tocn:^ 
pemofBBf  and  IS  frequently  herpditaiy.  It  begins  in  the  buttocksp 
th%h9«  or  calves^  and  sometimes  in  the  shoulders^  Two  forma 
have  been  diM]n^ishe<] :  the  simple  atrophic  form  and  the  pseudo- 
hypertrnphir  form.  The  anatomical  ehangies  in  the  former  are 
the  same  as  in  the  neuro[)athie  variety  ju^t  described. 


f»Q*  MJ.— N'curopfttlilc  inuacnlar  ttmikby.  showing  stropliy  of  th9  mtiieie-fiben.  focreutt 
in  the  inu^rfjuictcuXar  flbroiu  tiasiur,  mad  thickening  of  the  bloud-veiael  umlli. 

PsendoliTpertraphic  Muscular  Atrophy.^ In  this  condition  the 
muscles  increase  greatly  in  si/e,  hut  an*  soft  and  flabby.  The 
ehild  may  present  the  ap|K'aninee  uf  an  athlete,  mth  enormous 
calves  and  thighs^  l)ut  is  extruiiiely  weak  and  eiin  scarcely  stand. 
Mieroscopic^iUy  the  causation  of  the  enlargement  is  found  to  be  a 
considerable  degree  of  intermuscular  prolifei-ation  «if  connective 
tissue,  with  marked  fatty  intiltratiun.  Si>metinies  in  this  form,  as 
well  as  in  other  varieties,  s<_>me  actual  enlargement  of  the  muscle- 
fibers  is  observf*d,  but  this  is  d<Kibtless  degenerative. 

Simple  musctllar  atrophy  may  he  senile  in  origin  or  due  to 
lack  of  exercise.  In  these  cast's  the  muscle-fibers  become  smaller, 
and  some  proliferation  of  thr*  nmucctive  tissue  is  generally  pnvsent. 
lu  senile  enses  hrowu  atn>[>hy  may  <H'(*ur,  hnjwnish  pigment- 
particles  being  depusited  in  the  atrophic  fibers,  espeinally  near  ihc 
nuclei. 

Parenehymatons  degeneration  of  the  muscles  may  «>«  cur 
in  the  vicinity  of  iuflarnmatory  lesion?^,  tumors,  or  other  areas  of 
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disease.  It  may  also  (>ccur  in  the  coiirae  of  infectious  disea.sc;^  in 
Li^s«xiiation  witli  c(>agiilatiini-necro?^is.  The  fibers  become  cloudy 
and  lose  their  striateil  appearance  fn>m  the  presence  of  tniiiute 
grantdes.  In  some  instances  inHammatory  changes  in  the  inter- 
fasc^icular  connective  tissues  are  asrtoeiate<l  with  the  degeneration 
of  the  fibers.  Gtses  of  this  sort  may  be  ealle*l  secondary  aeute 
pohfnuffmtfs. 

Fatty  deg^eneration  is  found  under  the  sarae  circumstiincea 
as  the  above,  and  also  in  elironie  cacheetie  diseases  and  in  eases 
of  poisoning  with  pbosphorns  an<l  other  **  parenehynia-iwi^^ons." 
Tlie  musele-tibers  have  a  streaked  i>r  spntted,  yi*llowisli  apjumr- 
ant*e,  and  are  more  or  less  rtabl)y,  MicTOf^et^pieally  the  fibers  an* 
seen  to  be  filled  with  smalt  oil~ilrnph_*ts,  whieh  ^^bseure  the  stria- 
tions.  All  parts  of  the  fiber  may  beeoine  degenemted  until  the 
sareolemma-sheath  contains  only  a  mass  of  fat-tiro  pi  eti5  and 
detritus. 

Fatty  mfiltratioti  tmiy  occur  in  assoeiati*>n  with  atro|»hy  in 
the  eondition  above  describcil — pseudohypertr(*phie  nniscnlar 
atrophy  ;  ami  in  various  nervous  diseases  in  which  the  ninseli\s 
waste  from  disease  or  trophic  change.  A  certain  amount  of 
lipomatosis  may  occur  in  general  obesity. 

Amyloid  degeneration  is  mre  and  unimportant. 

Calcification  may  occur  in  the  form  of  ossifying  myositis^ 
and  hieallv  in  s(*ars  following  varimis  loral  diseases — abscesses, 
etc. 

Coagulation-necrosis,  or  hyaline  degeneration,  is  of 
great  clinie-id  impf>rtanr(*.  It  was  first  *ltseovercd  by  v.  Zenker 
jis  one  of  tlie  lesions  (jccurring  in  ty|>fioid  fever.  The  musele- 
fibers  at  first  become  granidar  and  ehmdy  { ptfffurhifitttttoitH  ffef/e)t- 
erttUon)^  and  later  waxy  or  hyaline  chang*^  occurs  in  streaks  or 
completely  transforming  tiie  tibers.  Transverse  fmgnientation  is 
eomnion,  and  gross  rupture  of  the  nniscle  may  be  met  with.  In 
the  latti*r  eases  hemorrhagic  infiltration,  or  even  eonsiilerable 
hem  or  Hi  age  {hana(oma)y  may  be  wvasioned.  Keaetivc  intiani- 
matory  change  in  the  interstitial  connect ivc  tissue  is  generally 
present.  Tliis  disease  occurs  in  the  course  of  tvphoid  fever,  but 
also  in  various  other  febrile  and  infectious  conditions.  It  is  most 
comnuui  in  tlie  abdominal  inuseles  (rectus  abdominis),  in  certain 
nmseles  of  the  extremities,  and  iti  tlie  lieart.  The  latter  situation 
is,  of  i^ourse,  of  greatest  significance  (see  Diseases  of  the  Heart), 


INFECTIOUS   DISEASES. 

Ttlberctilosis  may  occur  in  the  form  iif  cold  abscesses  in 
association  witli  tuberculous  disease  of  l>oue,  of  less  frequently  of 
the  lymphatic  glands  or  other  j>arts.  In  tltese  easet^  there  is  a 
gradnal  extension  of  the  caseous  and  liquclying  tuberculous  dis- 
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ease  into  the  muscles,  and  sometimes  the  abscesses  burrow  to 
great  distances  within  the  muscular  sheath,  as,  for  example,  in 
psoQH  abifcrio*,  Ix'rfs  der^tructive  tuberculous  myositis  may  occur 
m  the  muscles  beneath  the  skin  and  mucous  membranes  by  exten- 
sion of  tuUrculous  i»nx*esses.  In  these  casts  cc*llular  infiltration 
}  and  tubercle-formation,  with  some  caseous  change,  may  be  obser\-ed. 

Miliary  tubercles,  or  larger  tubercular  nmiules  due  to  hematogenous 
infec»tion,  arc^  rare. 

Syphilis  may  occur  in  the  form  of  gummata,  and  it  is  likely 
j  that  some  cases  r»i'  diffuse  productive  myositis  are  syphilitic  in 

' .  nature.     As  in  other  j>arts  of  the  body,  ihe  bliKHl-vessels  in  these 

( '  cases  have  been  di'SiTibc<l  as  particularly  thickcneil. 

f  Glanders,  actinomycosis,  and  anthrax  may  involve  the 

I  musch*^  in  tin*   vicinity  of  the  specific  lesicms.     Nixlular  and,  later, 

f  necn.»tic  or  suppurative  fix'i  arc  the  lesions  obscTved. 

i 

;  TUMORS  AND  PARASITES. 

!  The  tumors  of  musi'les,  for  the  most  part,  spring  from  the 

j  interstitial  connective  tissue.    Among  the  benign  tumors /?6rowm^7, 

I  m//jrr/r/>/////,  and  fipoiiwfa  are  sometimes  met  with.     Oleoma  and 

i'honth'omn  are  found  as  localized  lesions  resulting  fnmi  irritation 
or  as  tni«'  tunu>rs.  Strii>e<l  mnscU»-tumors,  or  rhabdomyomatOy 
an*  ntr«'Iy  found  in  the  muscles,  though  ()C(*asionally  seen  as  small 
ntHlub's. 

More  ini|x>rtant  than  the  above  is  mrcoma,  which  occurs  as 
I  a    primary    tumor   romjvaratively    frcfjuently.     The   fibrous   and 

spindb-<>*lb'd  varieties  are  conmu»n,  and  round-i'clled  sarcoma  are 
S4»metiines  ol)served.     The  tumors  oriiriiiate  fn>ni  the  connective 
tissue,  thon;rh  it  is  held  by  some  that  the  musck^-fibers  themselves 
may  undergo)  sarcomatous  transformation. 
\  Cbrrino/na  is  a  rare  tumor,  anil  is  always  secondary'.     The 

s^-eondary  form  is  not  rarely  seen  in  the  niuseles  in  the  vicinity  of 
cjiniiioinata  of  other  structures,  such  as  the  mammary  gland. 

Among  the  [Kirasitic  difUdsca  of  muscles  may  be  mentioned 
trichinosis,  cystieercus  invasion,  and  hydatid  disciise.  The  first 
<K*casions  dissi'ininated  myositis,  to  which  reference  has  aln-sidy 
be(»n  ma<le.    The  other  two  conditions  are  rare  and  not  important. 
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CHAPTER  XII. 

DISEASES  OF  THE   BRAIN  AND  ITS  MEMBRANES. 

THE    DURA   MATER. 

CIRCULATORY    DISTURBANCES. 

Active  hyperemia  occurs  in  the  rlum  in  association  with 
tumor;4,  ^uininata,  and  other  iheal  diseases.  TJic  vesaeU  of  the 
dura  sniToundintij  the  area  of  disease  become  tiistendetl  and  the 
membra  lie  may  be  ditfiisely  retldened. 

Passive  hyperemia  may  occur  nnder  the  same  circumstances 
a8  the  above,  and  nlso  in  eiLs*'s  of  thnuiibosig  of  the  venous  sinuses. 

HemorthageS  are  usually  due  to  traumatism^  and  may  occur 
on  tlie  outer  or  inner  surface  of  the  durn.  Extradural  hemor- 
rhages arc?  more  common  than  intradural,  especially  in  oases  in 
which  there  is  fracture  of  the  skull.  A  colleetic»n  of  bJtMjd  be- 
tween the  skidl  and  tlio  dum  is  sometimes  dcsigusited  fttftTUtd 
cephfifohemafoma,  HmM  liemorrhages  into  tlie  dura  may  occur  in 
infections  or  hemorrhagic  diseases  and  in  eases  of  death  from 
aspliyxia. 


INFLAMMATIONS. 

Inflammation  of  the  dnra,  or  pachymeningitis,  may  be 

acute  or  chronic,  antl  heiuorrhagic,  snjipurative,  or  imHluetivo  in 
cliaracter. 

Hemorxlia^c  pachymeningitis  micurs  more  iVecjuently  in  the  aged 
than  in  the  yuung,  and  is  not  uucommou  in  the  insane.  Chronic 
aleobobsm  and  tniumatisni  seem  to  lie  etiologic  factors  of  some 
imjKjrtance.  In  the  early  stages  of  the  disease  the  inner  surface 
of  the  dura  exhibits  a  siiperlif^ial  deposit  or  membmne  of  grayish 
color,  with-  l>rown  or  red  spots,  the  former  being  ctmiposc'd  of 
altered  blocMi-pigment  ( hematoidiu).  Often  sevenil  layers  are 
present,  indicating  successive  exacerbations.  Microscopie^dly  the 
membranous  deposit  is  found  to  consist  of  soft  gmuulatiou-tissue 
containing  uumerous  thin- walled  blcMxl-vessels.  Later,  diapedesis 
of  blood-corpuscles,  or  actual  heraorrJiages,  occur,  and  the  dis- 
eased area  may  have  the  appearances  of  a  simple  eollection  of  blootl 
or  of  a  more  or  less  strati  lied  hemorrhagic  exudate*  Scmietimes 
the  aniouut  of  exudate  and  of  hemorrhage  may  be  such  as  to  cause 
considerable  cerebral  compression,  and  in  other  cases  death  may 
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part   aba^rr^.  ari^i  a  ?«rn:<fc   o>B«rV-c     fvj^.ffirT    -^yvrs    nefirw 

batKA  "^.•t"  dbr:  myidk^  iD<eiiiiii2«eal  arnenr. 

Sappwjliii.  FaciVBCBniiptiB  nay  <;<imr  En  >x>fle€ti{Qe2»K'  *yi 
injasifAf  <airK«.  or  citber  dkcase^  of  the  ^knlL  Sc«GlazBDl«l^  h  rp^ 
saiti  fiprpm  fionikm  -oAeiiiiiq^  -jf  tiur-mbi  in  uj^e-  v4e4K<of  fcwbe^ 
and  V€TT  rar»rlj  it  is  s«»rjiMibry  u>  lep«*:«in«tinehi?w  X«:«  rtrrfy 
IffnaHiiM  -opponnTier  pacfavmeiiiiigitis  rE^^uhj^  fir»>cs  dsriea?e  ^  the 
middle  or  inteml  ^ar.  with  extaiaoo  thp>:2;zfa  chie  |KfIva^  hoiM-. 
The  doia  I^t^jok^  tfaick^oed  br  ceUnlar  ix&nltnci-Mi.  is  tv-A  and 
edematoQ?.  and  not  lardj  nnd^goes  necnxie  chaoeie.  The  di«^ 
ease  mar  Ur  k^jalind  or  dilKise.  and  may  occa^4i  ?««iGcidaiy 
tfaiekeniii$r  and  adheaoos  of  the  dun  in  cases  terminating  £ivor- 
aJJr. 

Pkodacttre  piitjiaiafitii  mav  be  of  fibn^xs  or  cie?iiy- 
ing  chararjter.  The  etiology  is  often  c43iseare.  Si-me  cas€^  fi>Uow 
hemorrhagic  or  sii{^iinitive  pachymeningitis :  in  ?«>me  the  procvet^ 
•eemr*  u>  U-  primarily  prrdnctive.  Traumatism  may  cause  pro- 
liferation of  ttbpHi-  ti?«sue  in  the  dura.  This  is  ej-pev'isilly  apt  to 
occur  affrr  fractur^^  of  the  skull  in  children,  when,  as  a  result  of 
it*  adhesion  to  the  bone,  the  dura  is  almost  invariably  torn. 
-Syphilid  ir  pr»4>ably  a  cause  of  impc^nance.  The  dura«  in  the 
fibrr^urr  variety,  i-  :rimply  thickened  an^l  m«r\r  or  les%f  attached  to 
the  pia-arar:hnoid  and  the  inner  surface  ♦•f  the  skull.  When  firm 
attachments  with  the  skull  are  fMrmcd.  ^•sie'-phytt-s  are  frequently 
foun«l  u[M^n  the  surface  of  the  bones  ai:J  in  the  dura  (o^^ifying 
|iachymeiiingiti<^'.  Or>eoa«  plates  may  be  met  with  in  the  falx 
cerebri  and  tentorium  cerebelli. 


INFECnOCS    DISEASES. 

Tuberculosis  may  occur  in  the  lV>mi  of  miliars-  tubercles  in 
a-fi^x-iation  witli  tiil>erculous  leptnmeniniritis.  It  may  also  be 
ass^K-iat^-<l  with  tutK-rculosis  of  the  bc»ni'S :  and,  in  rare  instances, 
has  \yt-^:i\  met  with  as  a  primar\"  disease  of  the  thira.  In  the  latter 
r-as^'S  the  disease  takes  the  form  of  a  caseous  mxlular  thickening 
of  the  membrane. 

Syphilis  may  fx'casion  a  form  of  tliftu^*-  pnxUictive  pachy- 
meniniritis,  r»r  ^iimmata.  The  latter  may  nriirinate  in  the  dura, 
and  extr-nfl  to  the  pia  or  skull-bones,  or  they  may  originate  in  the 
bones  and  invade  the  dura  sec^»ndarily.  Gummata  in  this  situa- 
tion prr-s^'Ht  themselves  as  mon-  or  less  flatteneil  luxlnlar  growths 
of  grayish  f-olor,  having  a  marked  teiulencv  to  caseous  change 
and  to  re-^ilution,  Mitli  formation  of  cireiims^Til)ed  thickenings 
and  adhi'sions  of  the  dura. 
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TUMORS, 

Tumors  of  the  dtira  mater  iM^fur  with  oiviLsi<lenible  fre- 
queiu'v.  Tlie  niosi  (xnnintm  is  prHlriibly  trirmhr  narroma.  TUU 
may  uix'iir  in  varioiis  sitiiutimis,  eitluT  as  a  fliit  s\v('!lini»;^  uv  :jh  a 
HoiTK'wliat  pynimklal  niass,  with  the  apex  toward  the  biiain,  into  the 
siiI>Htanee  of  whieh  it  prtjjeet^ ;  it  in  often  firmly  attaeljed  to  the  skull. 
Other  fcirnts  of  sarcoma  are  <r/if/iomreoitia^  vhnmriwhed  by  the  pro- 
literatiun  of  the  cells  of  the  a(l\  cutitia  of  tin*  hloiKl-vesscIs,  and  a 
form  ill  wliieli  the  fibrous  tissue  st»  pr«'(lominates  iiti  to  make  it  R-ally 
a  fihromUy  although  nests  of  endothelial  eel  Is  are  fiiund  8*'attereil 
throughont  it.  Other  forms  of  sart^omaj  however,  alsi  m-enr,  par- 
tieuhirly  a  Hinafi  rountl-i'fff  ranfitf^  whieh  is  nsnally  multiple  and 
the  result  of  metastasis  fnmi  some  other  portion.  The  latter 
tumors  art!  iisaally  flat,  difikse,  and  often  extensive.  Thev  may 
or  may  not  eausi'  bulging  of  the  ^^kidb 

Keeetjt  invest i^tt ions  hav<_"  shown  that  endotheliomata  are 
among  the  most  eonunon  tiiuiors  in  this  region.  They  usually 
oerur  as  single  irreguhir  masst^s  ;  but  o<*easic»nally  they  are  mul- 
tiple, and  it  is  possible  that  under  tU«?se  eireumstanees  metastasis 
has  oeeurred.  Ordinarily  they  produce  no  disturfmnees  in  the 
brain,  but  in  a  few  instances  pi*essure-symptouis  have  been  rt*- 
parted.  In  any  of  tliese  torms,  liut  particularly  in  those  in 
whieh  the  fibrous  eontieetive  tissue  is  in  excess,  caleareous 
intiltration  is  not  micomnion.  In  nearly  all  eases  these 
tmnors  nmy  ]>rij<luce  emsion  of  the  inner  surface  of  the 
skull.  Hyaline  degenemtion  of  the  inteivctlular  substimce  m 
very  <M>mmon.  Among  the  otlu^r  tumor-likt^  growths  arc  filu'ous 
changes  t!iat  may  <ir  may  not  hi'^  inilammatory  in  natuTi%  aud  lead 
to  eireumserihed  or  diffuse  tluekeniug  of  the  <inra  mater,  and 
usually  cause  it  to  adhere  densely  to  the  skull.  These  are  mast 
apt  to  be  found  in  old  pojde.  In  additiim  to  tlie  ri>und-(*cll  sar- 
eoma,  f/liomrcoma  of  the  l>niin  and  carriHomtt  of  the  scalp  may 
give  rise  to  secondary  growths  in  the  dura  mater,  but  these  are 
extremely  rare* 

CYSTS, 

Cysts  of  the  dura  arc  usually  due  to  its  protrusion 
through  the  skull,  irnd  the  escajw?  into  the  prot rubied  portion > 
of  cercbrospiual  fluid.  This  is  spoken  of  as  ntt'}ti'mfoe4'ff\  Two 
varieties  are  riH^oguized,  true  and  false.  True  nu^ningocele  is  pro- 
duced by  the  bulging  of  the  dura  rjiater  through  some  congenital 
fissure  in  the  skull.  It  is  ditticuh  to  distinguish  this  from 
encephaloeele  (//.  v,).  False  or  spurious  meningocele  is  almost 
invariablv  the  result  of  some  injury  before  the  third  year  of  life. 
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There  is  fracture  of  the  skull  and  effusion  of  blood.  Later  the 
blood  is  absorbed  and  replaced  by  a  clear  fluid,  leaving  only  a 
brownish  layer  upon  the  inner  surface  of  the  cyst.  As  in  early 
life  the  dura  is  adherent  to  the  skull,  it  is  usually  torn  at  the  time 
of  fracture ;  and  ordinarily  there  is  also  a  laceration  of  the 
arachnoid,  allowing  the  escape  of  the  cerebrospinal  fluid  into  the 
sac,  which  is  formed  externally  chiefly  by  the  pericrdnium.  Asa 
result  of  pressure,  of  bone- absorption,  or  of  defective  growth,  the 
opening  in  the  skull  usually  enlarges  considerably,  and  ultimately 
there  is  extreme  deformity  of  the  head.  In  cases  where  the  brain 
has  been  lacerated  at  the  time  of  injury,  porencephalic  cavities 
may  occur,  which  in  some  instances  have  communicated  with  the 
lateral  ventricles.  The  commonest  situation  for  these  cysts  is  the 
parietal  bone  ;  but  they  may  occur  in  the  frontal  or  occipital 
regions,  and  in  rare  cuses  are  multiple. 


THE   PIA   AND  ARACHNOID. 

CIRCULATORY  DISTURBANCES. 

Anemia  of  the  pia  may  occur  in  cases  of  genend  anemia. 

Active  hyperemia  is  constantly  presc»nt  in  the  early  stages 
of  meningitis.  It  is  also  met  with  in  cases  of  death  from  alcohol- 
ism, and  in  sev(»re  infectious  fevers,  though  in  most  of  these  cases 
micn)scopic  examination  discloses  the  fact  that  the  process  is  really 
one  of  beginning  inflammation.  The  pia  is  red  an<l  the  small 
arterioles  are  injected.  The  fluid  in  the  subamehnoid  space  is  in 
excess,  and  may  be  slightly  turbid  or  sangninolent. 

Passive  hyperemia  occurs  in  eases  of  general  venous  stasis, 
as  in  heart-disease,  pulmonary  disease,  and  venous  thrombosis. 
The  large  veins  are  greatly  swollen,  and  the  suharaelinoid  fluid  is 
excessive. 

Hemorrhages. — Small  punctate  hemorrhages  may  occur  in 
cases  of  meningitis,  in  scurvy,  purpura,  and  the  like.  Larger 
hemorrhages  between  the  pia  and  arachnoid  are  most  commonly 
due  to  traumatism,  and  may  sometimes  be  the  r(\sult  of  rupture  of 
aneurysms.  The  blood  in  cases  of  large  liemorrliages  may  cause 
injurious  cerebral  compression,  if  death  does  not  follow  the  injury 
itself.  Occasionally  the  blood  becomes  inspissated  and  absorbed, 
the  membranes  in  these  instances  becoming  thickened  and  pig- 
mented, or  it  may  be  encapsulated  and  the  pigment  absorbed, 
giving  rise  to  a  clear  cyst  {lujgroma), 

^dema  of  the  membranes,  or  collections  of  liquid  in  the  sul>- 
arachnoid  space  (external  hydrocephalus)  may  be  due  to  passive 
congestion.     The  membranes  are  thickened  and  of  a  translucent 
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or  gelatinous  appeiintnce  ;  the  subarticlmiHil  fluid  causes  elrvation 
of  the  arachnoid  and  more  or  les>s  compressioo  t>f  the  core* 
bnil  convolutions.  Ht/dropH  ejn  vacuo  is  a  form  of  drt^psical  effu- 
sion nnder  the  araohiioiil,  reuniting  fn)rn  atropliy  or  liypupksiaof 
the  cerebral  convolutions.  The  space  rnjrmaliy  occupied  bv  cere- 
bral substance  id  in  these  cases  filled  with  cerebrospinal  liquid. 


INFLAMMATION, 

Inflammation  of  the  arachnoid  and  pia  m  called  lepto- 
meningitis. It  is  always  an  infectious  proc^ess,  and  may  be 
cither  acute  or  clironic. 

Etiology* — The  conunoucst  cause  of  acute  leptomeningitis  is  the 
pneumoeoecus.  It  is  lound  in  about  60  per  cent,  of  all  cases,  and 
in  these  pnenmnnia  is  often  an  associated  or  juimary  condition. 
The  pneumococHnis  may  reach  tlie  meninges  either  by  the  blmid-or 
Ivmph-i'hannels,  or  by  cn-cping  along  tht"  lymphatic  s|Mices  in  the 
areolar  tissue  betwer^n  the  esophagus  and  vertel>ral  t'<ilumn  ;  occa- 
sionally it  cnter>^  directly  from  the  car  or  nasid  cavity.  Other 
micrfJHirgimisms  tliat  Iiave  l>e4"n  f4»und  are  the  streptococenis,  the 
staphyliKMjeeus,  Friedlander's  batallus,  the  Riieilbis  pyot.^yanens, 
the  bacillus  of  glandiTs  ;  .the  aetinomycns,  the  typhoid  Imcillus 
(of  which  a  number  of  cases  have  been  reported),  the  Bacillus 
eoH  comnomis,  antl  the  baeiMus  of  buhonit*  plague.  Meningitis 
oi'casionaHy  <jccnrs  in  the  course  of  gonorrhea,  but  no  case  has  as 
yet  been  reported  in  which  the  g^tncK-occus  was  certainly  demon- 
strated. Mix*  d  infe<'tiiin  is  nr»t  uncumuKm,  consisting  usually  of 
the  jmcimioroccus  and  oui"  or  other  of  die  more  ctmnnon  pyogenic 
mirro-nrg-anisms,  and  tin-  hitter  are  also  frefpiently  fountl  aH-^ociated 
with  the  tubeRde-bacilliLs.  The  cause  of  epidemic  cerebrospinal 
meningitis  is  the  Dlpheoceus  infrm'efiidarift  im'mngliifVtH^  disi-nv- 
ered  in  1887  by  Wciclisclbauni  in  six  eases  that  he  examined,  and 
subsequently  found  in  ^itlier  eases  by  Goldschmidt,  Guarnieri, 
Nctter,   FalnT^  and  iitfirrs. 

L  Pathologic  Anatomy. — Tht^  grn?^s  rhauges  may  vary  frc»m  those 
that  are  not  recognizable  rnacroscopii-ally,  tt*  rollections  of  green- 
ish pus  in  the  suf>arachnoidal  space  half"  an  inch  or  more  in  thick- 
ness  and  covering  the  entire  surtiice  of  the  brain*  In  the  slights 
est  forms  the  presence  of  the  comlition  may  be  suspected  by  tlie 
slight  edema  4)f  the  arachnt>id,  and  perhaps  a  small  collection  of 
fluid  containing  flakes  along  the  fissures  of  the  brain.  In  st>me 
cases,  however,  even  this  does  not  occur,  and  it  is  impossible,  with- 
out  a  micros<.:opic  examination,  to  -say  that  inflammatory  prm^esses 
exist.  Microscopically,  sections  in  these  C4ises  usually  show  over- 
tilling  of  the  small  vessels  with  blood,  and  a  greater  or  leas  num- 


J 


798 


TEXT-BOOK  OF  PATHOLOGY. 


ber  of  round  cells,  usually  polyniiclear,  immediately  surrounding 

it.  Often  this  coUetrtion  of  round  cells  is  most  markt*d  in  the 
recesses  of  the  convolutions.  Staining  for  bacteria  usually  reveals 
the  presence  of  a  iew,  although  in  these  cases  they  are  rtircly  nu- 
merous. If  the  process  hiLs  he(*n  more  severe,  or  of  longer  dura- 
tion, the  edema  of  the  anichnoid  becomes  more  pronounced  ;  its 
glassy,  moist  appt^anvnce  being  very  distinctive.  The  vessels  are 
usually  injected  ;  and  this  applies  pirtieularly  to  the  veins,  which 
api^car  as  dark -blue  tortuous  cords  running  through  the  mem- 
branes. In  the  subarachnoidal  space  there  is  now  a  considerable 
collection  of  fluid,  and  along  the  sides  of  the  arteries  usually  a 
distinct  collection  of  lymph  or  pus.  Sometimes,  but  not  always, 
the  arterioles  arc  also  distinctly  injected,  and  oceasionaily  there  is 
a  faint  pinkish  eolonition,  due  to  the  injection  of  the  rapillaries. 

This  form  may  be  lf>calized  or  ditfusCj  and  is  usually  sceoudary 
to  some  lot^d  source  of  inflamniation,  which  is  most  frequently 
middlcH?iir  disease*  The  process  oflben  shows  distinct  indications 
of  rapid  extension. 

The  diffuse  forms  have  been  divided  (according  to  the  part 
affected  with  greatest  intensity)  into  It^ptonieningitis  of  the  vertex 
and  ieptymciiiugitisof  the  base.  Onhnarily  tlic  purnlent  exudate 
is  most  pronounced  along  the  course  of  the  middle  rcrebml  artery, 
extending  from  either  side  of  the  sella  turcira  outwanl  and  upward. 

The  changes  observed  consist  of  d it! use  injection  of  the  soft 
meruhmues,  edema  of  the  aracluiuid,  and  a  perivascular  sero- 
fibrinous exudate  ahjug  tlie  course  of  the  vessels  coming  from  the 
veins.  Microscopically,  scM-tions  show  around  these  vessels  a  mass 
of  tibrin,  in  whieh  are  embedded  a  c<msidemble  number  of  poly- 
nuelcar  Icuktxwtcs.  Often  cells  undergoing  fatty  flegeneration  are 
also  found  in  these  masses,  lying  close  to  tlte  walls  of  the  vessels 
in  the  iwjrtions  of  the  brain  where  the  changes  are  most  pro- 
nounced. In  this  condition  micro-organisms  are  usually  found 
quite  readily,  either  within  or  withmit  the  cells,  those  within  the 
cells,  in  parlieular,  fref|uently  showing  a  partial  loss  of  staining- 
power,  that  has  been  tiiken  to  iuib'tnite  ]vhago(*ytic  activity. 

In  the  most  severe  cases  the  entire  suliaraehnoidal  space  is  dis- 
tended with  a  purulent  accumulation.  The  surface  of  the  brain 
can  u(t  longer  be  seen,  the  thick  greenish  exudate  covering  the 
convolutions  as  a  smooth  manth'.  In  nenrly  all  these  cases  there 
is  also  pronouuecfl  edema,  the  amchnoid  tuoking  thick,  shiny,  and 
moist.  Microscopic  sections  show  the  i^rdiuary  picture  of  a  puru- 
lent accumulation  ;  pas-cells  in  a  fibrinous  mesh  work,  desquamated 
endothelial  cells,  and  miero-organisms.  In  all  forms  of  acute 
leptomeningitis  petechial  lieioorrliages  into  the  arachnoid  are  com- 
mon. The  sul>staucc  ot"  the  brain  and  cnrd  may  also  lie  involved^ 
and  this  involvement  may  vary  from  a  flight  increase  of  the  neu- 
roglia-clements  just  lieneath   the  pia,  to  the  presence  of  foci  of 
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round  cells.  The^e  foci  are  usually  foinid  ah  out  the  small  vessel  8 
or  lymphatics  dippiug  in  from  the  ]>ia,  the  latter  situation  being 
by  far  the  more  frequent.  Ortlinarily  they  are  microscopic  and 
surrounded  by  a  narrow  zone  of  partially  degenerated  nervous 
substance,  outside  of  which  there  h  agaiji  a  slight  increase  in  the 
neuroglia-tissnc  and  cells.  Occasionally,  iiowever,  the  cerebral 
involvement  may  be  more  extensive,  and  large  abscesses  are 
formed,  leading  to  the  destrnction  of  considerable  jMjrtions  of  the 
nervous  substance.  The  nerve-fibers,  even  those  in  tlie  neighbor- 
hood of  the  lesion,  rarely  show  distinct  alterations.  The  ganglion- 
cells,  however,  exhibit  slight  diffuseness  in  taking  tlie  stain,  or 
irregularities  in  the  armngenient  of  the  chromophilie  l>odies.  If 
the  abscesses  are  larger,  either  involving  or  close  to  the  gTtiy  snb- 
stance,  the  gauglion-cclis  may  show  extensive  degeneration,  with 
entire  loss  of  staining-power  and  fragmentation  of  the  protoplasmic 
prcjcesses,  nothing  l>eing  left  to  indicate  the  position  of  the  cells 
excepting  an  irregularly  shaped  vcsirle  containing  some  bn>wuish 
pigment.  These  larger  frwi,  however,  are  usually  found  in  the 
white  substance. 

An  attempt  has  been  made  to  distingnish  varieties  of  menin- 
gitis according  to  the  infective  agents,  and  Ncttcr  has  stated  that 
in  pneumococcic  infection  t!ie  pns  is  viscid  and  greenish  ;  in  strep- 
tfMi'occic  infection »  more  serons  and  less  ad h< Tent  to  the  mem- 
bnmes.  Honl  believes  that  only  four  forms  ( nn  Ijc  diH'erentiatcd — 
the  thick,  viscid  pus  of  the  pyogenic  micro-orgunisnts,  the  yellow- 
ish exudate  of  tuljerenlcjsis,  tlie  hlnish-green  pus  of  the  Bacillus 
pyocyauens,  and  the  purulent  exudate  containing  yellow  ish  grains 
of  ai'tinomyces. 

Epidemic  cerebrospinal  mentngitifi  does  not  (liffer  essen- 
tially frum  the  ordinary  septie  fnrni,  excepting  in  its  cause. 
As  a  g^'ueml  rulr  the  inflammatory  process  bt^gins  upon  the 
convexity  tif  the  frontal  lobes,  and  proet^cds  backward  and  down- 
ward, the  l>asal  meninges  being  involved  late  in  the  cfun^se  f»f  the 
disease.  Aside  from  those  firrms  occurring  as  a  complication  of 
other  pathologic  conditions  that  lead  to  death  before  the  menin- 
gitis has  been  fully  developed,  it  is  the  one  most  likcdy  to  kill  the 
patient  1m 'fore  distinct  alterations  have  become  evident.  These 
cases  are  sjioken  f)f  as  foadroifdnf  or  fuhni f tan f.  The  disease  is 
oflen  accompanied  l>y  lesions  in  other  parts  of  the  Ixidy,  as  {>ete- 
chiie  in  the  skin,  suppnrati*>n  in  the  joints,  multiple  abscesses,  en- 
doeanlitis,  degenerations  of  the  myocardiuiUj  and  suppuration  of 
tiic  labyrinth  of  the  ear. 

ABSociated  Changres, — ^ Besides  the  meninges  of  the  bratn^  those 
of  the  cord  are  almost  always  involved,  even  in  cases  of  tuber- 
cular meningitis.  The  peculiarities  of  these  conditions  are  de- 
scribed in  the  section  on  the  spinal  cord.  Extension  along  the 
fold  of  pia  mater  that  covers  the  choroid  plexus  is  als^^^j  exceed- 
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in^T  eommoo.  The  Gerebroepizal  ffuid  obt  be  turbid,  tbeie  is  a 
mfyierate  amoant  of  lymph  oo  the  ependrma  and  over  the  sarfiKe 
of  tiK  plexi]:§.  and  the  btter  naj  even  ccntaun  small  ab6GeKe& 
Xoc  infrequeatly^  in  pmloi^ed  cases,  menii^itic  adhedoos  and 
oeelKt^ioD  of  the  aqoedoct  iA  Svlvim  give  rise  to  an  acute  hjdio- 
eepfaalus. 

INFECnOUS  DISEASES. 

Tnbercolocis  memngitis  is  asoall j  a  secoodary  affection, 
although  in  children  it  mav  occasionallv  appear  in  connection  with 
a  few  recent  foci  in  other  parts  of  the  bodv.  The  bacilli  reach  the 
meninges  ordinarily  by  ^he  blood-vessels,  partionlariy,  in  all  prob- 
ability, by  the  left  carotid,  from  which  situation  they  may  spread 
alone  the  base  or  to  the  vertex.  Occasionally  they  seem  to  pass 
op  the  vertebral  arteries,  and  may  then  affect  the  cerebellum  more 
severely  than  the  base  of  the  cerebram.  Tabercalosis  may  also 
extend  directly  from  the  tnbercolar  lesions  of  the  sknll  or  of  the 
middle  ear,  and  it  has  occasionally  been  obser\'ed  to  occur  after 
traumatism.  Other  routes  of  infection,  however,  have  been  sug- 
gested, particularly,  as  in  acute  purulent  meningitis,  the  organisms 
have  been  supposed  to  pass  up  the  pot»terior  mediastinum,  the  retro- 
pharyngeal areolar  tissue,  ana  thence  into  the  cranial  cavity.  Mixed 
infection  not  infrequently  occurs,  and  has  been  supposed  to  account 
for  the  purulent  exudate.  It  is  certain,  however,  that  pure  tuber- 
culous meningitis  may  occasion  the  formation  of  pus.  The  organ- 
ism that  is  m#>st  frequently  found  in  connection  with  tubercle- 
bacillus  Is  the  pneumococcus,  and  it  may  be  found  intimately 
as?K)ciate<]y  although  it  has  been  stated  that  the  tubercle-bacillus 
appears  to  predominate  at  the  base  of  the  brain  and  the  pneu- 
mococcus in  the  exudate  of  the  convexit\-. 

Pathologie  Anatomy. — In  cases  that  die  «^f  pulmonary  tubercu- 
losis it  is  not  uncommon  to  find,  particularly  upon  the  convexity 
of  th^'  pia  niattr,  a  number  of  small  grayi>h  ii<i<lules.  These  are 
not  always  apjxirent  upon  superficial  in^Jxvtion,  but  by  cutting 
thn>ujrh  the  i-^Tebral  hemisphere  as  far  as  the  pia,  and  then  strip- 
ping it  away  fmni  the  under  surface  of  the  membrane  and  holding 
the  latter  up  to  the  light,  they  may  readily  be  seen.  In  certain 
cases  tuF>ercte-bacilli  have  been  found  when  recognizable  macro- 
sr-opic  lesions  were  entirely  absent.  Micn>scH>pic  examination, 
however,  has  usually  revealed  a  few  massifs  of  epithelioid  cells 
and  s^>me  slight  perivascular  roimd-cell  infiltration. 

When  the  infection  is  more  severe  the  tubercles  are  usually 
most  numerous  upon  the  base  of  the  brain,  particularly  on  either 
side  of  the  carotid  canal  and  in  that  part  of  the  base  just  ix)ste- 
rior  to  the  dorsum  sellse.  Ordinarily  the  disease  assumes  the  form 
of  diss*.'minated  miliar}'  tuberculosis.  The  tubercles  are  situated 
between  the  arachnoid  and  the  pia,  often  in  the  depths  of  the  sulcL 
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They  vary  in  size  up  to  0,5  cm,  in  diameter^  and  often  show  slight 
chet'sy  degent;ration  in  the  center,  Tlie  meninges  are  congested, 
and  usually  tlieiHi  is  an  exudate  of  intlaniniatory  liquid  that  ermt^iins 
floeeidi  of  lymph,  or  is  even  senjpuruleut  in  eluiraeter.  Micro- 
seopic  examination  jihows  that  the  tuljercles  are  eompused  of  epi- 
thelioid cells,  which  occasionally  present  some  evidence  of  division. 
Giant-cells  are  also  present,  although  perhaps  not  so  frequently  as 
in  lesions  in  other  parts  of  the  body.  There  is  usually  rouud-c!ell 
in  filtration  about  the  vessels,  and  the  latter  are  apt  to  be  distended. 
This  round-cell  i  nil  It  ration  may  also  extend  into  tlie  cortex  of  the 
brain,  and  the  tubercles  are  often  found  in  the  latter  situation* 
Tubercles  may  also  exist  in  the  choroid  ph'xus.  Sometimes,  if  the 
process  has  lasted  for  some  time,  and  the  tuberc^ular  masses  have  in- 
creased in  size,  they  may  undergo  cheesy  degeneration  and  form  ir* 
regular  masses ;  these  are  usually  found  at  the  base  of  the  brain,  and 
often  cause  serious  pressure  U|win  the  emnial  ner\'cs  that  they  in  vc^l  ve. 
Occjisionally,  when  only  a  small  nuud>er  of  bacilli  have  reached 
the  meninges  and  have  Ijeen  deposited  in  one  point,  a  single  cheesy 
ncKhile  may  be  found,  particnlarly  in  one  of  the  sulci,  forming  the 
meningeal  tp^onui,  that  sometimes  attains  a  considerable  sii!e.  In 
these  less  acute  cases  the  exudate  is  considerable,  and  involves  not 
only  the  subarachnoidal  space,  but  also  the  ventrieles  of  the  lunin, 
causing  a  condition  that  ^vas  fornierlv  described  as  aeute  hydro- 
eepftalus.  Numerous  tubercles  are  ibimd  in  the  choroid  plexus, 
and  the  ependyma  is  covered  with  slight  elevations  resembling 
somewhat  the  appeanmce  of  cor  villosuni.  These  are  usually 
found  to  consist  of  prnlifcratcd  endothelial  cells  and  of  the  suli- 
epend  vuux  I  neuroglia  and  iibmiis  tissue*  Tuberculous  i  n  tilt  rati*  «n 
of  the  bniin-substanee  is,  however,  very  comnum.  This  may 
be  either  nothing  more  than  an  extension  by  continuity  along  the 
l\Tnph-spaccs  and  blorxl- vessels  dipping  from  the  pia  or  ependyma 
into  tlie  l>nun-substance,  and  giving  rise  tu  small  foi'i  eom|)Ose<l  t»f 
epithelioid  and  giant-c-ells  surrounded  by  leukocytes,  and  perliaps 
exhibiting  a  slight  degree  of  cheesy  degeneration  in  the  center;  ar 
else  eonniderable  areas  of  softening,  which  are  perhnps  caused  by 
the  formation  of  throml>i.  These  are  most  fretpient  in  the  (*orf>us 
striatum  and  the  eruni,  and  appear  as  grayish- white  or  yellowish 
areas  of  softened  and  degenerated  ner\'(His  tissue.  Not  infre- 
quently, punetijnrm  hemorrhagt^s  are  found  in  the  cortex  about 
these  areas  of  softening.  The  tuljerclc-ljaeiihis  is  usually  readily 
found,  although  this  is  practically  inniussilili^  if  the  tissue  has  been 
hardened  in  Mlllter^s  fluid.  In  geneml,  extension  of  the  tuber- 
cular process  to  the  meninges  of  the  cord  occurs  if  the  d  unit  ion 
of  the  process  is  at  all  prolonged,  but  the  vertebml  canal  is  m 
much  hjuger  than  tlie  spinal  conl  that  pressure-symptonis  rarelv 
occur,  and,  as  the  irritation  is  slight,  the  cranial  symptoms  domi- 
nate the  clinical  coui^se, 
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Syphilis  may  riceur  in  the  form  of  giiminatjoiis  infiltratifiii. 
In  these  instiinees  there  are  found  flattened  nodular  thickenings 
of  the  araehnoifl  and  pia,  of  grayish  or  pinkish  color,  and  tendinis 
to  nnder^»  neerotie  change.  The  pn>cesi5  be^ns  in  the  inner 
Burface  of  tl»c  aniehnoid,  or  sometimes  in  the  walls  of  the  blood* 
vessels,  and  extends  to  the  pia  and  ei^rebnil  jsnb^tanee  on  tlie  one 
iiandy  and  to  the  dtim  on  the  other.  In  anothi^r  form  of  syphilis 
there  is  diffuse  infiltnition  or  syphilitic  leptomeaingitisj  causing 
considenible  tliiekening  of  the  meningt^s. 

Chronic  syjihilitic  leptomeningitis  and  meningo-eneephalitisafe 


Fio.  847.— niiniTimtf^us  menlngo-eiic«pliAlltls  (Ztesrler). 

oce^sionally  met  with.  In  these  cases  the  membranes  are  thick- 
ened and  Hbroiis,  and  secondary  extension  of  the  infiltration  into 
the  cerebral  cortex  occurs  (Fig.  347). 


TDMORS. 

The  Pacchionian  Bodies, — The  most  common,  and  clini- 
cally perhajis  the  least  important,  tumors  of  the  araclmoid  are  the 
Pacchionian  liodies.  These  occur  us  small  granular  masses  or 
circnmserilK'd  mxlules,  chiefly  along  the  upper  edge  of  the  su|>erior 
Icjngitudinal  sinus,  <>tlcn  extending  a  short  distance  latendly  over 
the  convex  surface  uf  the  convolutions.  Microsfntpically  they 
consist  of  dense  niasst*s  of  fibrous  tissue,  covered  by  a  layer  of 
prolifcrate«l  endothelial  cells,  which  give  them  a  <'onceulrie  struct- 
ure. Oecasi(mally  some  calcareous  nodules  may  he  found  in  them. 
They  usually  grow  only  fintwanlly,  and  frequently  erode  the  skull, 
giving  rise  to  little  pits  upon  the  inner  surface. 

Bndotheliotnata  arc  most  frequently  found  in  the  pia  mater. 
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They  occur  as  irregular  alveoli,  lined  with  ciiboitlal  or  round  endci- 

tlK^tal  cells.  These  are  not  always  arranged  in  a  single  layer,  bnt 
may  wcasionally  fill  the  alveolus,  attfjniigli  I  his  is  not  eummun,  and 
nitire  frequently  .some  have  hrokt^n  lot>se  and  lie  free  in  the  cavity. 
The  cells  often  j^how  karyokinetie  eliange.s,  and  occaBionally  alter- 
ations in  shape,  due  to  nujtual  [pressure.  These  tumors  resemble 
careinomata  closely,  bnt  the  prpsenee  and    proliferatioo  of  the 
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epithelium-like  cells  in  the  stroma^  8uch  as  occur  in   carcinoma, 
have  not  been  observed   (Fig.  MH). 

Cholesteatotnata  are  of  two  kinds :  those  consisting  exclu- 
sively of  s<jiranious  epithelial  cells,  and  those  cf mtuining,  in  adtbtion, 
varions  otlier  epidermal  stnietures,  such  as  hain^  ov  sebaceous 
glands,  Tliey  aiv  usually  situati'd  hi  or  abcait  tlu'  nietlian  line, 
along  the  base  of  the  hmin  nr  on  the  upper  surlaee  td*  the  c*>rpus 
callosuni,  or  sonunvhere  along  the  clioroid  ])lexuses.  Those  con- 
taining hair  are  moat  frequently  found  near  the  ccrebellura,  grow- 
ing eitlier  from  the  aracbnoi<b  *^^}  more  rarely,  frr>m  the  outer  sur- 
face of  the  dura.  The  latter  may  o(*cur  ujmu  tlie  frontal  or  occip- 
ital liones,  and  ol'ten  show  calcareous  iutiltmtion,  or  even  true 
osseous  fnrrnation. 

I/ipomata  are  rare.  They  are  UBually  found  in  children,  and 
^  always  in  the  soft  memhnines,  especially  the  pia  mater.  The 
H  most  frequent  seats  nrv  tlw  upper  surface  of  the  corpus  callosum 
H  and  the  corpora  <'a!idicantia.  Aerordiug  to  Bi>stroem,  they  are 
H  probably  epidermal  in  origin,  nothing  but  the  auhcutiiueous  fatty 
H        tissue  being  left. 
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mkm&ae^  'vaft  *9iniDfiiieit  'ir  dnal  '•rnfii-=nn-fTiinrT  in.  viuca.  ^«qr 
&iiiiiR#  lincfi  ^vtcb.  -jpiTfiiMinnL  «iiiil^  si  sue  ir  die  sanxaL  •ami 
^  tku^,  ^*smL  nut  lomiESfHi-^aeQft.  vmaaL  •*ihI&  isiiir£WB&  jod  jtily 


THE  aajnx 

-Tk  finKdooB-  *]t  du^  iiieauRaiKs>  it  :^  be 

«•►  ptt'^J  penwciiv^  pcdy^ancmlv  i»>  The  •oira  aerff»*r«^  oo  luiiir- 
bHi  die  nmler  nonaee  tf*  dbi^  skii£L  m  ^mkIiiih!  ine  -^amsis^  <arc7iiuc 
biiwl  3,^3.7  omiL  Ae  facann.  jad  tt>  pcvKect  die  bram.  h&t^  JLy  :x 
TKHiLZ  fit  laeKoaSmiu  ic  nay  albiw  cbe  bani  31  pcncnni!.  uii  uj- 

atv^tf^iafieti  wick  die  po^  firmiL  wbieb  ic  i*^  iepwao^  hj  sa  3r^?tiir 
«*oaxii>i^7«»  fiii»iie  EB  winee  meA^  die  cerviyp^i^pfnal  imA  ^riTfnt- 
laxi^.  A>  T3u»  »  visrj  4&€iaK3>Ie.  En  iH  c^ee  •>t*  piagvt*  o>ai5«$- 
cirvti  or  ••niii^ma  «)ir  cfae  beam  a  coastierable  imtMnic  •>€  :bxBd  £> 
^liinii  r>»TVi»i»n  cbese  nvi»  ■wbrinr  t,  I;  jt>i^  dms  ;ft«^ a  si>rt  «>f 
^ff^cj'T^Ivo^.  Tbe  pa  fena^  a  drfTfaiy  ibn^os  menxbcane  isti- 
rvjatfAj  2i^jriaa»i  wnh  dke  «iir&ee  rf  ihe  t-erebcal  eoaT^-jTitioosw 
Anj  I#**ivn  of  h  jiu^KSnp^  i»voiv«<  die  brifii-riifci^cincesw 

De%'EljOPSIEXr  AMI  ANATOMY. 

••.'■i^T*ti  .-  *.i>  pl;».?«t  wiih  ziLLi  -^  zh.^  brLn.      'Hi'*  .-^jainl  !i-*rnx»  sj^ftifa 

:*. -..I  .T  v.r  •»  /  .r-^i^'lATT  fx-i?  ini^?.  riTin^  ^-?*^  :.-  :i-»  :'>nxLici».vx  of  ih^ 
■■■i^r: .,./;'.  ',-:,-, 7  .  •wh-'^r*  L*  *«>:-  «^c<ar&:^i  fr.-:rL  :ii-*  i-:-rsiI  *arct«.>f  «><r  cbe  etn- 
','7%  '/T  -r.r  !r-vn-'y*:rion  vf  3ir:t»obix*tic  ^i^teCL-r.  T"--?  ■::kD,sl  t*  ara  formed 
.  -.  *  -.^  v.r:;  '>r.  tr.;*:  *a -•»«*«:  =>?t;:1t  form:*  ihe  -^rrri.ri.  r»r-x:  c  of  :he  <pi!ial  cord. 
.r .-".  -,-r.^A,:r-  tr.-  r-r-iilLirT  '::aiial  th-»r*  L*  i  :T.:z:r:  ':il  ci'iIItKlzoa  of  cellsw 
'rf'^r.  -m.'.'r.  \  -t.a.1  ?*v::t  Ln  th^  center  ica:  r  -rm>  jLr.t-rr:  'r>  s  >h^Iov gTtx>Te. 
•.f.^  »<'^':4  1-^  r.'^--:r.  jri.  Ii<*  functioQ  i*  "snc::  >wti.  ir.«l  ::  er^ntnallT  disAp- 
:><»r*  'JiT^.^"  frrrZ-vrr  »n:c  <ML»c*=:n«?e.  a^ithxizb.  tr^i.vs  ciiy  >:ill  bte  toand  io  the 
ir»Vrr7^r>ori*  --.tartilA^*-^  a:  Sirth.  la  s^-tn-r  :*  the  l^wer  ^sim^ls  a  snuill 
*^wy..x.>  ':..-iia*.y/n  i*  foan-i  an>ri''r'.y.  fr.in  wh::*~  a  irve<«*  extends  doim- 
war  i  ar.'i  a:/;^irvr,t:y  -tof^*  a:  the  hyr-.phy^:-  'vrebri :  bu:  it  i>  doC  certain 
that  it  f^rr.'j*  a  f^/fti^^n  --/f  :h*>  "rran.  Tne  ar.vr:  r  extremity  «»f  the  embrro 
'//Titlri-j'-  v>  jrrow.  and  h^nd^  downwari.  fomiinz  the  cephalic  fold.  In 
U»\*  f>art  '/f  th^-  n*-ural  caoal  three  dilatati^r.*  Avur — th^  primary  rwiffep 
0/  thfi  f/rmn :  rh*f  yr^tfriftx  portion   ultimately  :*-«rm>  the  spinal  cord. 

The  Cord. — Ai  fir*t  the  wall  of  the  erabry -.aai  c  »rd  is  compoeed  of  a 
mnfrl*-  laver  of  cylindrical  epithelial  cell*  i^iyori^oblofU  .  with  nadei  at 
rzr'ifmn  *\is^ULncen  from  the  central   canal:    th€s?e  altimatelj  beeome  the 
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nuclei  of  the  glia-cells.  The  central  end«  remain  cylindrical;  the  periph- 
eral ends  become  branched*  forming  the  myeloapongiiim,  probaoly  the 
antecedent  Kflhe  nenrog^lia-fibers,  which,  according  to  some  recent  inve«ti- 
eiitions,  become  separated  from  the  cells.  At  the  age  of  about  five  weeks 
in  the  human  embryo,  certain  eel  Is*,  with  a  considerable  amount  of  clear 
protoplasm,  are  found  near  the  inner  limiting  membrane,  the  so-called 
germinal  cdh.  BuUseiiuently  other  cells  apftuar,  probably  derived  froni  the 
germinal  cells,  ai*  they  are  fir^t  found  in  the  situations  oecnpied  by  these, 
the  eo-Cttlled  jteuroiihfifit.  These  are  di>tin^^ui.^hed  by  the  appearance  of  a 
projection,  pointing  toward  the  [icrijjherv  of  the  «pinal  cord,  that  grows 
out  from  the  prolopla^ni  and  ultimately  pierces  the  external  limiting 
membrane  to  become  an  axis-cyiinder  The  central  canal,  at  this  period^ 
is  usually  elliptical  in  shape,  with  the  long  ax'\n  dorsoventraL  The  anterior 
and  posterior  ends  are  v^^ry  thin,  atid  the  former  ultimately  becomes  invagi- 
nated  to  form  the  anterior  coniniis?*ure« 

Just  outHide  of  the  cord,  probably  from  masHet*  of  epiblaslic  cells  derived 
from  ita  wall^  the  cells  of  the  spinal  ganglia  appear.  These  are,  at  first, 
bipohir,  one  process  extending  into  the  spinal  cord,  and  the  other  peripher* 
ally,  but  ultimately  the  two  proce^wea  unite  at  their  commencement.  The 
spinal  cord  tit  fir»fc  completely  fills  the  spinal  canal,  but  alter  the  fourth 
month  the  vertebral  column  begins  to  grow  somewhat  more  rapidly,  and 
at  birth  the  conus  terminal  is  is  of>po«ite  the  third,  and  in  tlie  adult  extends 
only  to  the  lower  end  of  the  first,  lumbar  vertebra.  The  nerve-fibera  are 
at  first  non-medullated,  but  htter  mvelin-shfuiths  ajipear,  first  in  certain 
parts  of  the  posterior  columns,  and  lastly  in  the  pyramidal  tracts,  which 
often,  at  birth,  are  not  yet  entirely  medullated.  The  membranes  are 
derived  from  the  me.soblaat, 

Tb©  Brain.— The  three  primary  vesiclci^  from  which  the  brain  is  devel- 
oped continue  to  grow,  and  the  first  h  subdivided  bv  a  me<lian  constriction 
into  two  i-ecoudary  vesicles,  the  prosencephalon  and  the  thalamencephalon. 
From  the  former  two  lateral  ofishoot?*  appear,  which  give  rise  to  the 
C4ivities  of  the  lateral  ventricle;  and  from  the  walls  of  these  are  developed 
the  cerebral  hemispheres,  the  olfactory  lobes,  and  the  corpus  callosum. 
The  cavity  of  the  second  vesicle  forms  the  third  ventricle^  and  from  iLH  walls 
grow  the  nerv^ons  part  of  the  eye,  the  optic  thalami,  and  the  pituitary 
and  pineal  bodies^  The  cavity  of  this  vesicle  ( mesencephalon )  fornix  the 
aqnerJuct  of  Bylvjus,  and  from  its  walls  grow  the  corpora  qnadrigemina 
and  the  crura.  The  posterior  primary  vesicle  also  becomes  cojjstricted, 
forming  the  epencephalon  and  the  metencepljalon*  The  two  cavities, 
however,  remain  united  and  form  the  fourth  ventricle.  From  the  walls 
of  the  anterior  portion  are  developed  the  cerebellutn  and  the  pons.  From 
those  of  the  posterior  portion,  the  medulla  oblongata. 

The  ultimate  shape  of  the  brain,  however,  is  largely  determined  by  certain 
flexures  and  by  the  growth  and  extension  of  the  axis-cylinders,  which  pass  in 
various  directions  and  form  the  white  matter,  the  greater  bulk  of  the  central 
nervous  system.  The  first  fiexnre  is  beneath  the  mesencephalon  and  concave 
from  the  ventral  surface.  The  second  flexure  is  concave  dorsally,  and  is  just 
beneath  the  epencephalon.  The  third  grows  at  the  junction  of  the  meten- 
cei»halon  with  the  spinal  cord,  and  is  concave  ventrally.  Differing  from 
the  cord,  the  growth  of  the  brain  exceedathat  of  its  containing  bony  cap- 
sule. As  a  result  the  surface  of  the  hemispheres  is  usually  thrown  into 
folds.  The  earliest  of  these  apncar  during  the  third  month,  and  are  usually 
transverse  to  the  axis  of  the  orain,  althongh  not  invariably.  The  lateral 
ventricles  at  this  stage  are  very  large,  and  the  sulci  project  into  their  cavi* 
ties  as  ridges*  During  the  fourth  month  they  disappear,  with  the  exception 
of  three — the  Sylvian,  the  calcarine,  and  the  pari  e  to -occipital  fissurea.  The 
hinpocampal  fissure  also  appears  about  this  time.  The  other  permanent 
lutci  appear  about  the  end  of  the  fifth  month,  the  earliest  being  the  fissure 


rs-  ID  SL^  ie^Fiop  mnl  Jtfaer 

rjir  *:r^i^  "isK  iDTMsu-  iDon  iie  filial  3«rns.  mm 

oie  aeauniir. 
r  —  T.it^   vaan   ^aaaAXik   ir  "in*  ^wn    ■^-TKiraL 
•WW1  iancti^  ii**  viob.  "iie  aieaiiilfl.  jibl  :ZBr  !ggg!>**Iiiiii,     ICfr  -veeiic  vams 
^nvn  I'J^  '4^  1;9*H  fraou  Ji  on*  niiuc  dnuue.  ixbi  ±niii  i;jlM  :d  14Un  xnumft 

iM<Afffi«>9i  ^im*^9!idx:  iimpr.  lac  j^  ^ivay»  'Viiier  Tian  :iie  uurmai  liver.  La» 
itWnr  .T«-#^  TTwn  irav->a-vun*  m  Tie  pars  r»iimi»H!-t  if  aitKinilaaid  ibei^ 
v%  TPtutiMi-'irvr  .n  ::iiim»  rrimo^M^l  ■nTrtfy  ir  ruigion-^asilA.  Ens  oerebrai 
:ipmi#oru»rR*  up^  tV'I  .anzs  ^fmmesnisu.  -ntipi-^  M.-mpfinic  :2ie  xrouer  pir^ 
■ion  li''  tiu*  naaiai  "aTTtT  itj^-  ji^  -iepacaa*!  if  :ae  Hiperror  lonyraitinai 
iMNttn*  iiui  mi&ri  ir  :&•»  ririofr  suiiMim  inu  'he  jacbnur  vrjaimwHire. 
TIi^  ir»  jMUffi  A^  ^  ptioft  If  :xie  jjcl.  rheir  iiiraA=»  -ire  wndBred  Twy 
,r;^!fn(ar  w  on*  jrpjgncg  'iiT  aumezrios  jaHip-»  ir  ^ci :  jmi  xr«  iiviiieii  inoi> 
nh^  rVnn&ii.  panesiL  lecipiiai.  jxui  jemptirwoiienuuiaL  T»is^iaL.  That  impor* 
:i«nt  ifmnoi  Ar»  Ou^  TriTiao.  die  Riiianiiii:.  imi  ae  panefu-^iecipEBu.  *hi  cae 
^xs^nai  <iar!£iee:  :na»  •subwi-fiiarziiiai.  se  nuiranie.  ami  che  pariisOK 
vv*7D*r^  -in  Th^  3it>fniiai  4iir&ii!e. 

T'rm  .i^nik«pai»r(»  Ar»  **nmp«Ma«!ti  ijbi  iciaily  it  jxi  lacBr  j&7«!r  *>i  ^raT 
:iiaUt»r  :iu»  'tnrvx.  •^acainioc  xaiuEii<ia-«xiI&  inii  ir  ibet»  paniing  trooL 
th^t^  .n  ruroqi*  •tirpi:ciiHii*  ami  aniciur  rhem  w:i3.  )cii*fr  paroi-  •!£  ch«  ceiicral 
a^rr-vii*  9j*t^m.  ThAatt  maj  be  <XLTTtiieti  lqd*  -nr*^  3iai3  ciat9kw»:  die  pnh- 
j^rttinm-lfi^n.  pm^axisg  secwixn.  die  •.t>r5ex  jn«i  :n«t  i«sL  rajigia^  or  tiiB>  fihe 
msemai  <ta9m^ :  die  ll  ■■■■  i  >  jr  .fnnflutMir-u  ^Vit-il  paeMJic  (MC«e«tt  two 
jMisiiHpeuMr»9i ;  ftzui  din-  rfHwif-bifiiiiiA-^^Kfm.  pannuir  benne«i  'iidbrwifi  areK  in  the 
cMiu^  ft^inii*ptt*»T»  Tii*^  an  ■!»€  impt^rtjuc  eiiaii.'allj  -u'  die  pr>i«tD>a-dber»  are 
tiirjA^  »n>.n  *rj«»  ia  d^e  ai!iA>r  portitMi  oc  rae  rt*r«»x.  ana  ptts»  first  into 
*,iw:  ifwma.  t^iOHuli*:.  woer^  ta«iy  an*  zr"Mrpeii  a.  •:ac  die  £i<fe.  ^ifeeiwe  tkpNigh 
th^  'm-*ra  4.-.ii  :ui*  pocu.  y>  fticm  aitimaieiy  die  pjraaLi'i:*  «>c  the  itf^faila 
Th^  '>mi>*-arf»'  i.i  che  disc  rerrical  «eziiient  ot  dieci:pi and  iS^jmi  the  pfrani- 
klai  *•>-,.  i.r.n-*  .-/f  die  ^>ni.  The  fiben  oc  die  opcc  ratiiacioa  coauneiice 
*ft  th«*  '*/,r*/=rT  liv^at  :h*  cal'^arlae  nft«are  aa«i  ii  in*?  -.'tiaeate  I'^be.  and  pass 
f/'^wArl  •-*  'r.->  r.'i.T-nar  'it  the  '>pci«:  dulaai;.  T'z^j  are  al*>  adHOciated 
^.Ui  tno  *x*Ar'..i.  /-rr.i-^Ti-j.:^  b»>iv"an«i  di»?  a:i:.?r  r  .irrus  •^oadricenuniUw 
f'T'^f^f*  \hf.  p';.;,r.-if.  :qi*  '^/ocic  tract*  pifcw  arvi-i  :^-  vmsca.  then  He  belov 
Art/'J  V,  *.r.*  .TiU^T  ^Ak  of  •.h'?  internal  CAp-srolrr?.  an-i  aaite  in  front  of  the 
tiir,^.r  r.T.f.r'-irci  tj,  form  :r.r  chia*m  trtn  wzioh  the  optio  nerre*  ans»e. 
7r.^  'fAr-Mv*:r*^  ^r  oo.TimL'^urr-nfa^rrs  inolu-ir  th-:*^  of  the  0-^rpa»  callotHim 
zfi^t  of  •r*-^  ATiVrrior  orimmL-wurr.  The  dT-^r?  in  the  c^rpo*  caII«^Him  appear 
Ut  r/zfr'-Hf^irt'l  '  >j?**:1t  to  th'>**=-  r^on*  o:  the  hrxin  <iziLized  nearest  to  them. 
Ih*:  ar»t>Trior  '•ofinrrii.-i*arr  i*  c«»mp--fi^J  -.f  nber*  -jnitins  the  temporoephe- 
rioid;^i  ,or,*r*  of  th*-  •iro  hemi-^ohere?.  The  ass- --.id: ion-fibers  either  connect 
M/U^rff.r.  Iori*«  /iZ/r'^  pro/^rur),  or  unite  distiin:  r-'ftions  of  the  hemispheres 
trh^  lougr  a«^K;iation-tio*T*  .  The  most  imt-  rant  of  the  latter  are  the 
»*jf**rrior,  interior,  and  anterior  awociation-buniies.  the  cingulum,  and  the 
fornix  ;  th<-  latt^rr  i.^  a  jfroup  of  arching  fiber?  o>nnectin«  the  hippocampal 
f^jofj  with  t>i<;  c^^r|K>ra  albicantia. 

In  thf.  ^ijf^tancf  of  each  hemisphere  are  found  the  lateral  rentri- 
cl«;  two  lonjf,  narrow,  branching  canities,  joined  to  the  third  rentricle 
\ff  th#t  foram«:n  of  Monro.  Each  contains  a  choroid  plexus,  and  is  nor- 
mally linf;d  with  f;pithelium  and  contains  clear  cerebrospinal  fluid.  The 
hnif.Tior  fKirtiofi  of  the  two  ventricles  is  separated  bv  the  septum.  A  small 
tUnMn  lavfrr  of  er>ithelial  cells  line  and  almost  fill  the  caYttv  of  the  fifth 
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ventricle.  The  basal  ganglia  of  the  brain  are  the  lenticular  nutleua,  the 
eaudate  nucleus,  forming  togellier  tlie  corpuj^  t*trmtum,  and  lyin}r  on  either 
side  outside  of  the  internal  capsulea,  the  ojitic  thaianuis,  a  large  oval  mass 
lying  beneath  the  cimdate  nuekuLs.  Tlie  outer  portion  on  the  lenticular 
nucleus  is  usually  known  as  the  putamen  ;  the  two  inner  segments  are 
known  together  :h  the  glolmM  pallidum.  To  the  outer  side  of  the 
putamen  is  a  hand  of  white  fibers,  known  as  the  external  capsule,  that 
is  separated  from  the  cortex  by  a  thin  layer  of  pigmented  cells,  the 
clauMtrum, 

The  third  ventricle  communicates  with  the  fourth  by  a  narrow  eanali 
the  aqueduct  of  Sylvius,  which  paHses  through  the  tegmentum  *d  the  crura. 
It  isaurrounded  by  a  zone  of  gray  matter,  in  which  are  found  the  nuclei  of 
the  oculomotor  nerves.  Above  it  are  the  four  corpora  quadrigemina^  two 
pairs  of  rounded  eminences  with  a  white  cortex  and  a  gray  center.  The 
superior  corpora,  as  has  been  already  stated,  are  intimately  connected  with 
the  optic  tract.  Just  anterior  to  these  bodies  is  the  hoi  all  pineal  gland,  a 
hyrmphiatic  median  eye  situateiJ  above  tlie  posterior  commissure.  Exter- 
nally to  the  crusta  on  either  side^  continuous  with  the  posterior  portion  of 
the  thalamus,  are  the  two  geniculate  bodies,  separatcti  by  the  <>Ptic  tract, 
with  which  the  external  geniculate  body  is  ehiHcly  connected.  The  optic 
thalami  lie  on  either  side  of  the  third  ventricle,  and  just  beneath  the  cau- 
date nuclei ;  they  are  oval  bodies  containing  nnoicrous  groupH  of  nerve- 
cells,  the  anterior  (portion  being  called  the  anterior  tubercicj  and  the  pos- 
terior {H:>rtion  the  pulvinar. 

The  two  great  ciiannclfl  by  which  fibers  pass  to  and  from  the  cerebrum 
are  the  crura  cerebri.  These  are  divided  by  a  narrow  layer  of  dark-^ray 
material,  the  substantia  nigra,  composed  of  pigmented  ganglion-cellH,  into 
the  crusta,  or  inferior  portion,  and  the  tegmentum,  or  superior  portion. 
A  part  of  the  erusta  is  formed,  as  has  already  been  stated,  by  the  pyram* 
idal  tract,  Sensory  nerve-tibers  are  found  in  two  groups  in  the  tefjmen- 
tum  toward  the  outer  edge,  con i prising  the  inferior  and  superior  fillets. 
These  tihers  divide  into  three  bands:  one  passes  into  the  superior  portion 
of  the  tegmentum,  and  some  of  these  enter  the  posterior  portion  of  the 
interior  capsule;  another  band  passes  to  the  anterior  corj>ora  quadrigemina 
and  the  thalamus;  and  a  third  into  the  posterior  corpora  quadrigemina^ 
although  it  is  not  certiiin  that  all  the  hbers  are  thus  distrihuted. 

The  two  crura  unite  to  form  the  pons,  which  in  composed,  ven- 
trally,  of  bundles  of  motor  fibers  separated  by  the  commissural  fibers 
of  the  cerebellum,  and  dorsally,  partly  of  the  fiberH  of  the  fillet  and  partly 
of  gray  matter.  Below  the  i»ons  is  found  the  medullw,  which  is  really  noth- 
ing but  the  upper  portion  of  the  spinal  cord.  Anteriorly  we  find  the  two 
w^il-defined  bundles  of  motor  fibers,  the  pyramids;  just  back  of  these  the 
lower  olives;  and  on  the  dorsal  surface  the  nuclei  of  the  tenth  and  twelfth 
nerve*?,  and  externally  to  them  the  nu*deus  gracilis  and  nucleus  cuneatua, 
the  terminations  respectively  of  the  columns  at  Goll  and  Burdach  in  the 
cord.  The  axis-cylinders  of  the  cells  that  compose  these  nuclei  pass  toward 
the  brain  and  form  the  fillets.  On  the  outer  surface  of  the  medulla,  near 
the  dorsttl  surface,  are  the  two  reatiform  bodies,  the  continuations  of  the 
cerel>ell  ar  pedun cles. 

The  cerebellum  is  composed  of  two  lobas  and  the  vermiform  process* 
Upon  crf>ss- sect  ion  it  is  seen  to  be  composed  of  a  great  number  of  narrow 
gyri  separated  by  deep  ramifying  sulci,  each  convolution  being  lined 
externally  by  medullated  fibers,  beneath  which  is  a  layer  of  ganglion-cells 
enclosing  a  center  of  medullated  fibers.  It  is  united  to  the  cerebrum  by 
the  superior  peduncles,  which  terminate  in  the  nucleus  ruber  of  the  tegmen- 
tum* The  middle  peduncles  form  the  transverse  fibers  in  the  pons,  and 
the  inferior  peduncles  pass  into  the  r<.*stitbrm  bodies  of  the  medulla.  Certain 
nuclei  are  found  in  the  interior  of  the  white  substance,  of  which  the  most 
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importatit  is  the  dentate  nucleus,  analogous  structurally  to  the  olives  of  the 

Tbe  KeurOB-— ^Hi^it'ologically  the  e^wential  element  uf  the  iiervou»  sys- 
tem it*  the  neuron.  Tins,  in  the  ^ense  of  Wahieyer,  comprises  the  nerve- 
cell,  its  fjrobnpiasmic  processes  (which  are  branched),  and  the  axis-cylinder, 
which  may  he  a  sinpjle  fiber  giving  off  lateral  collaterals,  or  is  extenisively 
branched  (Golgi  cells).  The  cell-body  consists  of  protoplasm  without  a  dis- 
tinct cell-wall,  and  containing  or  not  containing  chromophilic  bodies*  Ac- 
cording to  Nissl,  two  groufw  of  cells  are  thus  formed,  the  somatochromes 
with,  and  the  caryochromes  without,  these  bodiea.  According  to  sioologists. 
thcije  are  respectively  motor  and  sensory  in  function,  but  the  cells  of  the  spinal 
ganglia,  whtch  appear  to  be  sensor}',  contain  th^e  granulations.  Cells  are 
apoken  of  as  multipolar  or  bipolar,  according  to  the  number  of  proce&sei*  that 
project  from  them,  it  is  impossible  to  describe  in  this  place  all  the  varietiee 
of  celk  and  their  distribution  in  the  nerve-««ubstance.  The  neurons  may  be 
divided  into  endogenic,  wholly  within  the  central  nervous  system,  and 
exogenic,  partly  in  the  peripheral  nervous  system.  Each  axis^-cylinder 
terminates  in  a  tuft  of  fibers  that  surround,  without  touching,  some  other 
ganglion-eel!,  or,  if  it  extends  to  the  periphery,  terminates  i»  a  special  sen- 
sory eorpiisclc  or  h  must  !t^-olate> 

Physiology  of  the  Bram^^This  subject  can  be  touches]  upon  only  very 
briefly*  The  brain  is  the  organ  in  which  all  the  intellectual  pro€esac«*  ore 
performed,  but  it  in  as  yet  unknown  how  this  is  accomplished.  A  number 
of  theories  have  been  sugge.Hted,  hut  none  of  them  are  ba.^ed  upon  fact. 
We  are  better  informed  concerning  the  origin  of  certain  specific  motor  im- 
pulses in  the  brain,  and  the  regions  where  stimuli  from  certain  of  the  special 
teniie  organs  are  received.  The  motor  region  is  situated  in  the  two  gyri  on 
either  sjde  of  the  fissure  of  Rolando,  and  in  the  jtosterior  portions  of  the 
three  frimtal  gyri.  in  general,  it  can  be  said  that  the  centers  arc  arranged 
»o  that  the  celU  sending  fibers  to  the  highest  portion  of  the  body — that  is, 
the  faccj  eyes,  etc. — are  situated  in  the  lowest  portion  of  the  motor  region  ; 
and  the  cells  sending  impulse-v  to  the  lowest  porticm  of  the  body — the  feet, 
for  instance — are  situateil  in  the  big  hast  portion  of  the  motor  region  along 
the  superior  longitudinal  fissure.  This  region  has  been  mapped  out  by  the 
aid  of  direct  observation,  not  only  upon  the  lower  animals  Imt  npon  human 
beings.  Any  irritation  causes  movement  of  the  corresponding  portion  of 
the  body,  the  movement  being  of  a  co-ordinated  and  not  of  an  individual 
muscular  type;  that  is  tfj  say,  the  atimulatirm  of  a  center  in  this  regicm 
causes  contraction  of  a  nnmber  of  muscles,  with  the  object  of  accomplish- 
ing some  definite  movement.  The  fibers  of  the  motor  region  constitute  the 
f>yramidal  tract,  whose  course  hits  already  been  described.  Irritative 
eaions  of  the  motor  cortex  pr<KUice  convulsive  explosions,  clonic  in  tvjie, 
usually  de^^cribed  as  epileptic.  If  the  lesions  are  sharply  circumacrihed, 
and  the  convulsions  occur  always  in  a  certain  ik^finite  group  of  musctes, 
the  epilepsy  is  spoken  of  as  Jacksonian.  Destructive  lesions  cause  paraly- 
sis of  a  spastic  type;  that  is  to  say,  the  lower  motor  neurons  evidently  suf- 
fice to  maintain  a  condition  of  contractility  in  the  mmicles,  which  may  be 
exalted  eitlier  as  a  result  of  some  irritation  exerted  by  the  degenerated  cen* 
tral  motor  neurons,  or  because,  under  normal  conditions^  the  central  motor 
neurons  exert  an  inhibitory  or  restraining  action.  VW  are  still  in  ignor- 
ance concerning  the  localization  of  the  sensory  impulses.  The  effect  of 
lesions  in  the  upper  portion  of  the  parietal  lobe  in  producing  sensory  forms 
of  muscular  inco-ortlination  hm  lea  to  the  supposition  that  the  fibers  con- 
veying musciilnr  sense  terminate  in  this  region.  It  is  practically  certain 
that  the  great  majority  of  the  sensory  fibers  terminate  in  the  optic  tliala- 
mus,  from  which  other  fibers  proceed  to  the  cortex ;  but  as  brain  physiol- 
ogists are  practically  agreed  that  all  the  active  intellectual  processes  are 
accomplished  in  the  cortex,  it  is  supposed  that  the  thalamus  is  merely  a 


DISEASES  OF  THE  BRAfN  AXD  ITS  MEMBRANES,      809 


eituation  in  which  Hf>me  alteratinn  or  iiifiilification  of  thv  \n\]mUe^  re- 
ceived from  the  periphery  oecuTM,  Reganlinp  tlie  special  ijenseH,  thi;  vi$«iml 
impreasiona  tenninate  in  the  ctineu.H.  The  auditory  centern  are  situated  in 
the  [superior  temporosphenoidal  convolutions^  and  the  deHtrUL'tioii  of  tliese 
centers  prmUieeH  ](ws  of  undt-rnlanding  of  sounds  heard — ^ihat  is  to  »h}\ 
senftory  aplia>ia*  The  cent^Ts  for  idhiction  are  situated  in  the  uncinate 
gyri.  Irritation  of  the^e  regions  has  in  some  easvs  apparently  given  rise  to 
»ubiective  odorn,  u.iually  disagreeahle.  They  may  occur  as  the  an  rue  of 
epileptic  attacks.  The  center  fr*r  giistalirm  has  not  been  Icjcated,  although 
it  is  probably  in  this  region.  The  functions  of  the  remaining  portions  of 
the  cortex  are  practically  unknown.     It  is  supposed  that  the  intellectual 

f»rooes8€S  are  performetl  chiefly  in  the  frontal  lohm.  At  any  rate^  extensive 
esiona  of  theise  lobes  have  eaused  alterations  in  character— lotw  of  the 
faculty  of  attention,  more  or  less  stupidity,  and  hebetude.  Occa«ii>nally 
atuxiii  is  pret^ent.  The  relation  of  pathoh>gie  proeesaes  in  the  brain  to 
insanity  is  not  well  determined.  Lesions  have,  of  course,  been  found  in 
paretic  dementia,  in  acute  delirium,  and  in  idiocy,  but  examination  of  the 
brain  in  cases  of  paranoia  and  melaneholia  has  been  practically  negative. 
The  t^unctions  of  the  other  portions  of  the  brain  are  not  well  determined. 
The  ba«al  ganglia  are  aj^pareiitly  merely  stations  in  the  paths  of  the  fibers^ 
chiefly  those  of  sensury  nature.  The  anterior  corpora  quadrigcmina  have 
something  to  do  with  the  tibers  of  the  optic  tract,  and  in  them  is  prtjbaldy 
situated  the  center  of  the  pu])ilhiry  reflex  to  light.  The  extcmal  genicu- 
lale  ganglia  are  apparently  aAsociateti  with  the  fibers  conveying  audit^»ry 
impressions.  The  pons  contains  the  ganglion-cells  of  the  peripheral  n*otor 
neurons  of  the  eye-musclei*»  but  is  otiierwise  merely  a  pathway  for  various 
tracts  of  fil>er8.  The  medulla  contains  the  ganglion-cells  of  the  cranial 
nerves,  and,  in  addition,  all  the  tracts  of  fibers  passing  between  the  brain 
and  cord.  The  function*  of  the  cerebellum  are  not  Mel  I  known.  There  is 
no  doubt  that  it  has  something  to  do  with  equilibration,  but  the  lesions 
must  be  situated  either  in  the  vermis  or  bilaterally. 

Freteiratioii  of  tha  Brain  and  Cord,— After  the  brain  has  been 

retnoved  from  the  cranial  ciivily  it  is  probably  best  to  place  it  at 
once  in  a  10  per  cent,  solution  of  lormalin.  The  formalin  should  be 
chaiiged  at  intervals  of  three  or  four  ilays.  If  it  is  hardened  in  Mliller'* 
fluid,  deep  incisirms  should  be  made,  preferably  parallel  to  the  upper  sur* 
face  of  the  corpus*  eallosum,  after  the  removal  of  the  frontal  and  occif)- 
ital  lobes.  The  fluid  should  be  changed  at  the  end  of  the  first  hour,  then 
at  the  end  of  twelve  hours,  and  then  every  day  for  one  or  two  weeks.  If  it 
is  desired  to  examine  the  brain  at  once,  it  may  still  be  preserved  for  micro' 
Bcopic  investigation  by  making  two  horizontal  incisions  through  the  cere- 
bral hemispheres,  parallel  Ui  the  upper  surface  of  the  corpm*  callosum,  then 
cutting  into  the  lateral  ventricles.  If  a  hemorrhage  exist,  it  can  usually  be 
detected  by  the  presence  of  blood  in  one  of  the  ventricles,  or  by  dij*colora- 
tions  of  the  floor.  The  most  important  part  of  the  brain,  for  the  purpose  of 
tracing  secondary  degeneration,  consists  of  the  stem,  so  called — tnat  is,  the 
basal  ganglia,  the  crura,  the  pons,  and  medulla.  It  is  usual  to  make  serial 
ttectiona  til  rough  this  part,  which  may  be  removed  by  cutting  off  the  frontal 
lobea  at  the  knee  and  the  occipital  lobes  opposite  the  splenium,  atid  then 
removing  the  temporal  portion  of  the  brain  by  aagittal  section  just  outside 
of  the  lateral  ventritdes.  As  soon  as  the  cord  haa  been  removed  the  dura 
mater  should  be  cut  on  both  sides  and  laid  back.  It  is  usually  de-^irable  to 
remove  the  cord  first,  as  by  this  means  a  horizontal  section  C4in  be  made 
through  one  of  the  upper  cervical  segment*,  and  the  remainder  of  the  cord 
then  removed  with  the  brain.  In  this  manner  the  usual  oblique  incision, 
that  renders  the  upper  portion  useless  fi»r  microscopic  study,  is  avoided.  It 
is  ttonecesa&ry,  and  for  many  reasons  unde^^irable,  to  maketrans  verse  incis- 
iouB  through  the  cord  before  hardening,  even  if  Muller's  fluid  be  employed* 
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COIMEMTAL  AKWRJIAUTIES. 

The  deformities  of  the  brain  are  aumenjos  and  («>aiplicated. 
They  may  (je  dividcid  rcKighly  into  thoce  aseoeiated  with  altera- 
tions in  the  skall  and  thoee  occurring  within  the  cranial  cavity. 

Acrania  i^  a  defomuty  characterized  by  absence  of  the  skolL 
The  membranes  are  osoaily  preserved,  and  form  a  sac  filled  with 
nerum,  on  the  inner  sarfaee  of  which  small  particle^  of  nervood 
tissue  may  ooca»ionally  be  found.  More  frequently  the  brain  forms 
only  a  small  mass  at  the  upper  portion  of  the  .spinal  canal,  lying  on 
the  basilar  process  of  the  occipital  bone.  Sometimes  it  appears  as 
if  the  sac  had  ruptured,  or  had  never  completely  closed,  for  the 
membranes  are  collapsed,  and  form  upon  the  base  of  the  skull 
a  mass  consisting  of  fibrous  connective  tissue  and  blood-vessels. 
Often  in  this  case  the  encephalon  is  entirely  absent,  but  the  pons 
and  medulla  may  Ije  almost  completely  developed.  The  cranial 
nerves  are  present. 

Hemicrania  is  a  condition  in  which  more  or  less  of  one  of 
the  parietal  l^ones,  or  of  a  portion  of  the  frontal  or  temporal  bone, 
has  failed  to  develop.  The  corresponding  portions  upon  the  oppo- 
site side  that  have  iieveloped  are  usually  hypoplastic.  Ordinajrily, 
anencephaly,  or  else  partial  development  of  the  brain,  is  associated 
with  these  changes. 

Cranioschisis  is  the  name  applied  to  imperfect  closure  of  the 
skull  along  the  middle  line.  This  may  be  associated  with  rha- 
ehvschuds,  in  which  case  both  skull  and  spine  are  cleft.  The  com- 
monest Kitiiations  for  small  fissures  are  in  the  frontal  bone,  in  the 
region  of  the  [Kwterior  fontanelle,  in  the  median  line  of  the  pos- 
terior p^>rtion  of  the  occipital  bone,  and,  more  rarely,  in  the  region  of 
the  anterior  fontanelle  or  the  sagittal  suture,  or  in  the  sphenoid  bone. 

Fissures  or  other  small  defects  usually  occasion  hernia  of  the 
brain,  which  is  named  encephalocele,  and  aceonling  to  its  situation 
anterior  or  posterior,  frontal  or  occipital,  superior,  inferior,  or 
lateral.  If,  instead  of  brain-substance,  only  the  membranes  pro- 
trude through  the  fissure,  the  condition  is  known  as  meningocele. 
In  thes^i  cas<.*s  the  cavity  is  filled  with  cerebrospinal  fluid.  Some- 
times the  under  surface  of  the  membrane  is  lined  with  ner\*ous 
tissue,  sliowing  that  it  represents  a  dilatation  of  one  of  the  pri- 
mary cavities  of  the  l>rain,  corresponding  to  the  condition  founa  in 
spina  bifida.  These  congenital  hemise  are  probably  the  result  of 
fdal  hydrocephaluH,  although  it  is  possible  that  the  chief  cause  is 
the  imp<Tfect  development  of  the  cranium.  In  cases  in  which  the 
fissure  is  in  the  sphenoid  bone,  it  is  not  uncommon  to  find,  as  an 
associat<fd  condition,  cleft  palate.  Life  is,  of  course,  incompatible 
with  extensive  encephalocele.  If  it  is  small,  the  neck  of  the  sac 
is  sometimes  constricted,  either  spontaneously  or  as  a  result  of 
surgical  interference,  and  recovery  ensues. 
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Cyclencephaly  ig  a  peculiar  deformity  io  which  there  is  fail- 
ure of  the  ant  (trior  cerebral  vesicle  to  <]e\"clop.  The  froiitiil  lobes 
remain  fusc<!,  and  a  rudimentary  eye  develo[)S. 

Abnonnalities  in  Sl^e. — The  size  of  the  brain  is  subject  to 
considerable  variation. 

Macroceplialy  Is  the  condition  in  which  the  brain  ib  excessi%Tly 
large — that  is,  more  than  15t)0  ^m.  This  mny  he  of  two  kinds. 
In  the  firsts  and  perhaps  less  common,  form  the  bniin  is  entirely 
normal  in  structure,  the  |>ro]M)rtion  between  the  various  parts  being 
maiutained  and  the  rehition  between  the  nervous  tissnc  and  the 
neuroglia  not  altered.  In  some  instances  the  subjects  possess  un- 
usual intelligcjxee  ;  in  otiiers  this  is  not  the  case.  The  second 
form  is  enlargement  of  the  brain  with  hyperplasia  of  the  neurog- 
liar  tissue,  lliis  is  not  infrerpicutly  ffiuud  in  tlic  8*>-C4dled  %/j(t- 
(mphit'!  nod  ft  far  f/iiosfs.  In  this  r-andition  the  brain  may  be  con- 
siderably enlarged  J  and  thti  convolutions  may  be  incrwisiHl  in  size^ 
although  not  abnormal  in  arrangement.  Mien jscopif ally,  the 
changes  described  in  the  section  on  sclerosis  are  disco vercib  A 
pscudoH-nlargt^uient  of  the  brain  is  pnxlueLH:l  by  hydrocephalus. 
The  weight  of  the  brain,  after  the  liquid  has  been  removed  from 
the  cavitiiis,  is  usually  less  than  normal,  although  this  is  not 
always  the  case. 

Hypertrophy  of  the  brain  may  Ik^  limited  to  certain  part6. 
These  are  usually  individual  gy ri,  and  are  nearly  always  sclemtic. 
Stmietinies  only  a  jxirtion  of  a  convolution  is  thus  affected,  and 
prrKluees  a  tumor-like  swelliug.  HypTtniphy  of  individual 
set'tions  tifthe  en*vpliahHi  dfies  n*>t  appear  to  have  been  observed  j 
that  is  to  say,  simitle  culargeuieut  of  the  cerebellum,  or  of  one  of 
the  cerebral  hemispheres. 

Microcephaly  is  a  condition  in  which  the  brain  is  much  smaller 
than  nurmab  as  a  result  of  deieetive  growth,  or  else  of  disease, 
either  in  early  life  or  later.  In  simie  instances  the  brains,  aside 
(rtm\  their  smallness,  apjwar  perfectly  nonuab  and  this  diminution 
in  size,  within  certain  limits,  is  not  iiteraupatible  with  normal  in- 
telligenee.  Usually,  however,  there  are  s<den3sis  and  decrease*  in 
size  of  sf>me  of  the  gy  ri.  There  are,  of  course,  the  associated 
changes  usually  found  in  sclerotic  conditions. 

Hypoplasia  of  individual  portions  of  the  brain  has  been  observed, 
particularly  of  the  corpus  eallosum^  tlie  cerebral  lieniispln/n'^,  and 
the  ceretjelbim. 

Hyp*iplasia  of  the  e^rebrcU  heini»pherm  is  usually  due  to  some 
pathologic  change,  and  will  be  discussed  under  sclerosis  and  p4jren- 
oephaly. 

The  congenital  absence,  either  total  or  partial,  of  the  carpus 
.ecUloinun  has  been  observed  in  a  number  of  cases.  It  may  r>f*cur 
rin  bmins  otherwise  normal,  but  i^  usually  asftociattnl  with  micro- 
cephaly or  i>ther  profound  structural  changes.     In  the  (jases  in 
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whit'h  no  f>th(T  lesions  exist  the  lutQlh^nev  may  be  normaK  but 
in  the  ^reat  majority  of  instanees  tlie  patients  are  idiots.  In  all 
eaR\s  however,  the  following  ai?i5tK'iated  alterations  have  been 
observed  :  absence  of  tlie  ealloso-marcrinal  sub-uj?,  division  of  the 
^yn IS  fnrniratiis  by  perpt*ndicnlar  iissnres,  the  splittini^;  of  the 
fornix,  and,  in  eertain  eases,  seeoiidurv  degeiiemtions,  The  taj>e- 
tmn  is  nsually  intaet.  The*  absenee  of  the  transverse  fibers  in  the 
eentriim  ovah:^  renders  ttie  superior  longitudinal  faseieuliis  very 
distinct.  The  apjK'aranee  of  the  Ijrain  is  tpiite  charaeterfstie.  As 
sr>on  as  it  is  removed  the  hemispheres  fall  widely  apart,  showing 
the  third  ventricle  coven-d  with  a  delicate  layer  of  pia  mater. 
The  inner  surfaces  of  lioth  hemisplieres  are  di  viiled  by  ruurieroiis 
fissures,  and  apjR-ar  atypiciiL  When  only  a  j)iirti(m  of  the  corpus 
eallosnm  is  alxsent  the  splenium  is  nearly  always  preserved.  In 
cases  of  marked  hvdroeephalns  the  corpus  eallosnm  is  extremely 
thin,  and  may  \w  torn  during  the  removal  of  the  brain,  and  this 
may  possibly  be  mistaken  for  congetdtal  absence.  Aearefid  exam- 
i  oar  ion,  however,  will  usually  reveal  the  true  state  of  affiiirs. 

Hypoplasia  *>f  the  eerebeflum,  tir  even  tolal  absence  cd'one  or  l>oth 
hemispheres,  has  been  ^jecasionally  observed.  It  is  nearly  always 
asstK^ated  w^ith  sclerosis.  A  collection  of  cerebrospinal  fluid  in  j>art 
supplies  the  place  of  the  absent  organ.  The  cerebellum  may  be  i*f 
normal  shape,  and  even  microscopically  show  no  changes  other  than 
dinumition  in  size.  More  commonly,  however,  the  changes  are 
asymmetrieab  <*»£»  IoIk-  being  markedly  smaller  than  the  other,  and 
j>erhaps  redncctl  even  to  a  small  papilla.  There  are  often  siderotic 
changes,  with  marked  atrophy  of  the  cortex  and  disiippt^anmee  of 
many  of  the  medu Hated  fibers.  In  these  eases  the  eerebellnni  is 
usually  of  somewhat  firtner  consistency.  The  associated  ehanges 
are  diminntitm  in  size  of  the  olivary  bodies  ;  in  the  unilateral  eases, 
of  that  upm  the  opposite  side ;  the  pons  and  medulla  are  usnally 
smaller  than  normal^  and  in  the  former  the  pynimidal  tracts,  on 
account  of  the  absence  of  the  transverse  fibers,  are  usually  com- 
pact and  distinct.  S^imetimes  the  corpora  quadrigemina  are  also 
altercil,  but  this  is  not  invariably  the  case. 

Other  eliauges  of  unknown  significance  that  have  been  described 
are  abnormal  arrangement  of  the  eon  volutions.  Of  these  the  most 
im|Xjrtant  is  the  presence  of  annedant  gyn  across  the  Roland ic 
fissure^  or  the  absence  of  annectant  g\Ti  in  the  parietivrx'cipital 
fissure.  It  does  not  appear,  however,  althongh  the  elaini  has  been 
frequently  made,  that  these  ehanges  are  in  any  way  ass4)ciated 
with  intellectual  [veeidiarities.  Bundles  of  nerve-fibers,  taking  an 
abnormal  cfturse,  have  occasionally  been  foond  in  the  pons  and 
m**dulla.  These  seem  to  he  prodnced  l>y  pivmatnre  dccnssation 
of  portions  of  the  pyramidal  tract,  and  are  of  no  clinical  sig- 
nificance. 

Anencephaly,  or  total  absence  of  brain,  is  a  congenital  leaion 
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iisiially  asHociated  with  acrania.  Sometimes  it  ii^  a^sociat^l  with 
total  abseoce  of  the  spinal  vonl  ;  in  other  causes  a  ]iortifin  of  the 
ponSj  medulla,  and  the  coni  are  still  present^  although  niiieh 
smaller  than  nornud.  The  emnial  nen^en  are  usually  present,  ami 
the  eyes,  in  partieular,  are  nearly  always  perfeetiy  develf»ped. 
The  lesion  is,  of  course,  incompatible  with  life,  although  when 
the  mechdla  is  present  a  few  res|uration.s  may  take  plaee  after 
birth.  The  appeaniuee  of  the  mounters  is  very  eharaeteristie. 
Friini  the  orbital  ridge  of  the  frontal  bone  the  skull  shipes  in 
almost  a  direet  line  tn  the  ne«^k,  making  tlie  face  and  t-yes  un- 
usually prominent — the  so-i^lled  frog-face.  Frequently  other 
deformities  are  also  present. 


POST-MORTEM    DEGENERATIVE  CONDITIONS. 

It  is  imjxirtant  t<»  be  acquainted  with  the  post-mortem  altera- 
tions that  may  take  plaee  in  the  nervous  system,  in  order  to  avoid 
the  confusion  of  such  clmnges  with  those  that  have  t>ccurred  aa 
the  result  of  disease.  Little  attention  has  l)een  paid  to  the  macro* 
SCO  pic  changes,  and  they  are  not  character  is  tii-.  Their  degree 
depenfis  upnn  the  tempemture  at  wliich  the  body  has  been  kept 
after  deatli,  the  nature  of  the  diseiise  that  preceded  deallt,  and  the 
period  that,  elapsed  before  the  tissues  are  removed,  OrfUnarily  no 
cfianges  will  be  noticed  under  thirty-six  hours  if  the  body  h 
kept  on  ice.  If  kept  at  a  temperature  of  about  ltJ°  C  (61'^  F.), 
the  bmin  and  cord  will  appear  normal  if  removed  within  twenty- 
four  hours.  There  is  first  sotleuing  of  the  nervous  tissue,  that  is 
general  and  not  associated  with  pigmentaticui  ;  the  tissues  may 
become  so  soft  that  it  is  almost  impossilde  Uy  remove  them  with- 
out injury.  Later  there  is  often  a  consirlemble  extravasation  of 
blnod-pigment  around  the  vessels ;  and,  finally,  if  putrefar-tion  is 
adviiurcd,  the  tissues  become  almost  ditfluent  aurl  light  lu\»wn  in 
color. 

Lately,  Italian  authors  have  studied  methodically  the  micro- 
scopic changes.  The  nerve-cells  swell,  their  protoplasmic  pitjcesses 
brt*ak  off,  and  there  is  a  gradual  loss  nf  the  stain ing-po%ver  of  the 
chromatin-l>odies  ;  vacuoles  apin-ar  in  the  prt>toplasm  and  the  out- 
line of  the  cell  becomes  irrt-gular;  and  finally  the  chromatin-sub- 
stance  completely  disappears.  The  outlines  of  the  micleus  become 
iutlistinct,  it  swells,  an<l  then  coutrat  ts,  with  irregularity  i>f  the 
outline.  It  stains  honn^geueously,  due  to  diffusion  of  the  chro- 
matin,  and  may  contain  small  granules  of  hyaline  materiaL  It 
is  often  placed  excentncally  in  the  cells.  Later  it  lo,s4^s  its  stain- 
ing-power,  and  finally  disappears  completely.  The  nucleolus  is 
the  last  structure  to  show  alteration  ;  it  nxay  swell  slightly,  be- 
come filled  with  vaeur»les,  and  then  break  up  into  granular  uuite- 
rial  and  disappear.     Tlie  protoplasmic  processes  do  not  exldlnt 
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varicosities,  hut  apparently  boeoine  more  fm^ile,  anrl  are  very  apt 
ia  he  brnkeu  off  tliiriii^  ^tiiiniiit^.  Changes  may  take  place  in  the 
my<'lin-islieaths  that»  when  studied  by  Marohi's  method,  are  not 
p^reatly  dilferent  from  those  seen  in  are^s  of  soft4?ning — that  Ls, 
small  fatty  j^fniunles  appear  alnug^  the  couri^e  of  the  nerve- filler. 
In  post-mortem  lesions,  however^  there  is  nu  jwrivjiseiiliir  mund- 
eell  infiltnitiini  ;  no  rompoimd  j^ranular  (vl!s  ran  l>e  fnnnd  in  tlie 
tissue;  there  are  no  sif^ns  of  prolifenitiun  in  the  neuroglia ;  and 
the  process  is  more  general  and  uniform  than  is  apt  to  be  the 
ease  in  morbid  conditions. 


OENERAL  PATHOLOGIC  ANATOMY  OF  THE  NERVOUS 
SYSTEM. 

The  pathology  of  the  nervons  system  differs  from  that  of  the 
other  organs  of  the  Ixxly  chiefly  in  the  fact  that  the  special  struct* 
ureg  of  which  the  nervous  tissue  is  composed  Ijave  no  close  anal- 
ogies to  the  epitlielial  cells  and  connective  tissues.  It  is  desirable^ 
tliercfore,  to  discuss,  fli'st,  the  genera!  changes  occurring  in  the 
nerve-cells,  nerve-fibers,  and  the  neumglia. 


The  Nerve-cell. 

Of  late  yearsj  considemblc  pmgress  has  been  made  in  the 
elucidation  of  the  finer  patliohigic  changes  that  occur  in  the  nerve- 
eelL  On  accoimt  of  tlieir  characteristic  appearance  and  sharply 
differentiated  structure,  the  eel  Is  of  tlie  anterior  eoniua  of  the 
spinal  cor^l  have  been  most  carefully  studied,  and  it  is  necessary, 
therefore,  that  we  should  give  a  brief  descriptiou  of  their  anatomy. 
The  appwinmce  depends  largely  upon  the  melliod  of  staining  em- 
ph»ycd»  By  the  (Jolgi  mctliod  the  cell  a]>pcars  as  an  irregular 
IxmIv,  from  which  come  a  numlicr  ot'  thir*k  prtK-t  ss<*s,  that  rapiilly 
divide  and  siihdividc,  until  they  aj>pcar  as  v\  maze  <if  iu«lejicnilent 
delicate  liranches,  ujxm  either  side  of  wliitdi  can  l)e  seen  minute 
projections,  tlie  soHL-alled  gem  mules  ;  from  one  portion  of  this  cell 
a  fine  prrw 'ess  arises  that  is  of  uniform  width,  the  nenraxon.  At 
rcguhir  intervals  this  gives  off  the  so-cidh'd  collaterals,  delicate 
bnmclu^s  that  spring  from  it  at  right  angles  anil  have  a  differ- 
ent course.  By  this  method  othcT  gaug!irm-<Tlls  in  the  nervous 
system  have  also  been  earefully  studied,  aud  show'  nnmerous 
variations  in  type,  the  most  important  being  the  number  and 
complexity  of  the  protoplasmic  pnxjcsses,  and  the  division  or 
even  excessive  hnincliing  of  die  nenraxon.  The  morbid  changes 
that  can  be  observed  by  the  appliratitm  of  this  stain  are  !>ut  few, 
since  it  ap]K*ars  that  the  pathologic  cells  s(K)n  hise  their  pow^r 
of  impn'gnation,  (jrolgi  and,  in  this  country,  Berkley  have  made 
the   most  extensive  investigations  by   this  niethwb     It  must  be 
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nurloi  of  tiie  glia-celLs.  The  central  endfi  remain  cylimlrical ;  the  periph- 
eral ends  become  branoherl,  fiirmiiig  the  myelositpongiuni,  prohably  the 
an  t€C€ (i en  i  o  f  t  b  e  n  eu  rogl  i  f i-  fi  Ije  rs ,  w  h  i  ch ,  accf ) rd  i  n  g  to  sf hii  e  re ee  n  t  i  j  i  vea  t  i - 
^»tionR,  become  separat^*d  from  the  cells.  At  the  age  rvf  about  five  weeks 
in  the  human  embryo,  certnin  eelk,  with  a  considenible  amount  of  clear 
protoplasm,  are  found  nenr  the  inner  limitintr  membrane,  the  fto-called 
germinal  ccik.  Subsequently  other  cells  appear,  |>robably  derived  from  the 
germinal  cells,  as  they  are  titi^t  found  in  the  situnlionn  occupied  by  tbe»e, 
the  so-called  tieiirott/ai*f«,  Thet^e  are  di^^^tingiiinhed  by  the  appearance  of  a 
projection,  pointing  toward  the  periphery  of  the  spinal  cord,  that  grows 
out  from  the  protopla*ini  and  ultimatelv  piereea  the  external  limiting 
membrane  to  become  an  axis-cyliriiler.  'the  central  canal,  at  this  period, 
h  usually  ellipticiii  in  shape,  with  the  long  axi^  doraoventral.  The  anterior 
and  posterior  ends  are  very  thin,  and  the  former  ultimately  becomes  invagi- 
nated  to  form  the  anterior  conunitksure. 

Just  outJi^ide  of  the  cord,  probably  from  manses  of  epiblastie  cells  derived 
from  itrt  wall,  the  cells  of  tne  npinal  ganglia  apoean  These  are,  at  first, 
bipolar,  one  process  extending  into  the  spinal  corn,  and  the  other  peripher- 
ally, but  ultimately  the  two  processe^i  unite  at  their  commencement.  The 
spinal  cord  at  first  completely  fills  the  spinal  canal,  but  after  tlie  fourth 
month  the  vertebral  column  oegini^  to  grow  somewhat  more  rapidly,  and 
at  birth  the  conus  terminalis  is  opposite  the  third,  and  in  tlie  adult  extend« 
only  to  the  lower  end  of  the  fir«t,  lumbar  vertebra.  The  nerve- fibers  are 
at  nrnt  non-medullated,  hut  later  mvclin -sheaths  appear,  first  in  certain 
partK  of  the  jwji^terior  columns,  and  lastly  in  the  pyramidal  tracts,  which 
often,  at  birth,  arc  not  yet  entirely  nu-dullated.  The  nienibranea  are 
derived  from  the  niesoblast. 

The  Brain. — The  three  ]irimary  vesiclen  from  which  the  brain  is  devel- 
oped continue  to  grow,  and  the  iir«t  is  subdivided  bv  a  median  eonf*trietion 
into  two  i^econdary  vesicles,  the  prosencephalon  and  the  thalamencephalon. 
From  the  former  two  lateral  oflklniotH  appear,  ubich  give  rise  to  the 
cavities  of  the  lateral  ventricle;  and  from  the  walls  of  these  are  developed 
the  cerebral  hemispheres,  the  olfactory  lobes,  anri  the  corpus  cnlloaum. 
The  cavity  of  the  second  vt^icle  forms  the  third  ventricle,  and  from  itw  walla 
grow  the  nervous  part  of  the  eye,  the  optic  tbahimi,  and  the  pituitary 
and  oineal  bodies.  The  cavity  of  thia  vesicle  (mesencephalon)  forms  the 
aqueouct  of  Sylvius,  and  from  \t»  walU  grow  the  corpora  quiirlrigemina 
and  the  crtira-  The  posterior  primary  vesicle  also  becomes  constricted, 
forming  the  epencephnlon  and  the  metencephalon.  The  two  cavitien, 
however,  remain  united  and  form  the  fourth  ventricle.  From  the  walls 
of  the  anterior  portion  are  developerl  the  cerebellunj  and  the  pons*  From 
thoge  of  the  posteri*tr  portion,  the  medulla  oblongata. 

The  iiltiniate  shape  of  the  brain,  however,  is*  largely  determined  by  certain 
flexur&s  and  by  the  growth  and  extension  of  the  axis-cylinders,  which  pass  in 
various  directions  and  form  the  white  matter,  the  greater  bulk  of  the  central 
nervous  syntem.  The  first  flexure  is  beneath  the  mesencephalon  and  concave 
from  the  ventral  surface.  The  secern d  fiexnre  is  concave  dorsal ly,  and  is  just 
beneath  the  epencephalon.  The  third  grows  at  the  junction  of  the  nieten- 
cephalon  with  the  spinal  cord,  and  is  concave  vetitrally.  Ditfering  from 
the  cord,  the  growth  of  the  brain  exceeds  that  of  its  containing  bony  cap- 
sule. As  a  result  the  surface  of  the  hemisphere^i  is  usually  thrown  into 
folds*  The  earlie^^t  of  these  appear  during  the  third  month,  and  are  usually 
transverse  to  the  axis  of  the  brain,  althtmgh  not  invariably.  The  lateral 
ventricles  at  this  Btage  are  very  large,  and  the  sulci  project  into  their  cavi- 
ties as  ridges.  During  the  fourth  month  they  disappear,  with  the  exception 
of  three — the  Hylvian,  the  calcarine,  and  the  pari eto-occi pita!  fissures.  The 
bippocampal  fissure  also  appears  about  this  time.  The  other  permaneDt 
•utci  appear  about  the  end  of  the  fift!i  month,  the  earliest  being  the  fissure 
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the  remain rler  of  tliv  cell,  Fnmi  this  exk*nds  a  long,  faintly 
stiiioin)^,  imditf'cimtiat+'d  neuraxon.  The  luieleiis  iloes  not  ?>taUi, 
hut  reraaios  as  a  clear  space  near  the  center  kA^  the  cell,  contain- 
ing a  roimtK  steeply  staining,  and  usually  vaenolatet!  nucleolus^ 
Hurrouniled  by  a  memhmne  witli  irregular  tliickenhigs  (Fig.  349). 
It  ha.s  been  claimed  (Knmthal)  that  these  so-called  ehroniophilie 
bodies  do  not  exist  in  the  living  ccll^  Init  are  the  product4>  nf  dis- 
integration. In  iHlKj,  Dc  tiuervain  laid  ilown  the  tbllowiug  cri- 
teria  hy  which  he  recognized  patholngie  changes:  {a)  nidditieation 
of  the  nueleuSj  (h)  vacuolization  of  the  nucleolus,  (c)  disapj>ear- 
anee  of  the  nucleus,  (it)  diminished  staining-eapacity,  ie)  swelling 
of  the  ganglitm-i'ells,  { /)  fragmentation  of  the  protoplasmic  pro- 
cesses, ig)  shrinking  (>f  the  cell,  {h)  vaenolization  of  the  pn>to- 
plasm.  He  does  not  consider  cniargeinent  of  jx?ricellnlar  s|»aee  as 
of  pathologic  i^igniiieanec,  even  whejj  nKmoniu-h'ar  ienkoeyte»  are 
found  in  it.     It  must  be  contessed  that  tlici^e  criteria  are  not 
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entirely  adequate,  nearly  all  of  the  changes  des<:^ribed  de[x*nding 
in  part  upon  the  length  of  time  Ijetween  death  anil  the  fixa* 
tion  of  the  tissue  and  uptm  the  methods  of  prejtaration.  The 
cdurse  (>f  the  pathologic  changes  appears  to  he  soinewliat  as  fol- 
lows :  The  granules  become  first  very  irregular  in  distrilnition  and 
somewhat  finer,  so  that  tlic  concentric  arrangement  is  nr>  longer 
distinct.  They  may  then  diminish  eonsiclembly  in  number,  m 
that  the  cell  as  a  whole  appears  very-  niiicli  paler;  finally,  tlie 
protoplasm  may  become  entirely  clear^  a  small  amount  i»f  has^o- 
philic  suhstant-e  only  remaining  that  is  collectet!  in  irregular 
masses  around  tlic  nucleus,  'Fhis  also  may  disajijK'ar,  anti  the 
cell  remain  as  an  irregular,  iaintly  anti  <lilVnsely  stained  mass  in 
the  midst  of  the  tissue.  This  series  of  changes  is  by  no  means 
the  only  one  that  lui,s  been  des4Til>ed.  Occasionally  the  chromcK 
philic  granules  seem  to  disst>lve,  although  their  capacity  for  h  tain - 
ing  is  unimpaired,  resulting  in  dc(*ply  and  diffusely  staining  cellii 
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without  jttiy  apparent  structure,  excepting  tlie  vesicle  in  the  situa- 
tion uf  the  nucleus  [pijknomorphuUH  state),  Nissl  re^inls  these  as 
arteliictfi,  an<l  it  is  true  tliat  they  are  frecpH-iitly  found  in  tisBuen 
Buppost^l  to  he  healthy.  It  must  not  he  i\>rgotten  that  they  are 
always  far  nu ire  numerous  in  diseased  tissues  or  in  the  iK4ghl>nr- 
ho<Kl  of  ftK^al  lesions.  I  have  ohser\^ed  some  singularly  beautiful 
examples  of  this  change  in  the  brain  of  a  guinea-pig  killed  l>y 
anthrax,  in  which  the  micro-organ  is  nig  were  tbund  in  tlie  nervous 
tissue,  Tlie  .solufcioUj  with  or  without  loss  of  staining-power,  cor- 
responds very  closely  to  the  changes  observefl  in  tlie  t:hromatin  in 
karyolysis,  and  may  he  veiy  pn^pi^rly  deseriijetl  as  a  sort  of  ehro- 
molysis.  In  other  eases  chr(»mophilic  bodies  may  collect  in  diffuse, 
irregular  masses  in  one  or  more  j>arts  of  the  protoplasm ^  a  change 
which  I  have  obgerved  in  the  spinal  cells  of  cases  of  tetanus. 


Fig,  a50.~DefreDemtei)  nervti-ceUB  In  the  neitfUborUoiKl  uf  A  coUet^Ucin  of  pua  :  the  ^mi- 
niar  aL]>pear&ncti  is  due  tu  au  tjxceaa  of  plgiuotit;  K  600  leMse  of  Lloyd  und  SaUer). 

Still  anotljt'r  form  is  the  cfjah'seence  of  the  ehromophilic  hf)d- 
ies,  so  that  each  individual  one  afipears  larger  ;  tlieir  number  is 
less,  and  they  still  maintain  a  rather  regular  arnmgement  in 
the  protophism.  These  nuisses  niay  then  further  f*nalesce»  givitjg 
rise  ti>  the  ajTpearance  just  previously  (h^scrihed,  or  may  break  up, 
causing  a  uniform  gmuulation  nf  the  c<'ll,  or  they  may  disappear, 
Berger  has  attempted  tu  explain  most  of  tliese  phenomena  hy  suj>- 
posing  that  tlie  cliromojihilic  bodies  are  really  oompvsed  of  small 
granules  tliat  are  adherent  to  the  sides  uf  the  spae4:!s  formed  by 
the  retieidurn  of  tlie  protoplasm  of  the  celL  If  these  spaces 
dilate,  the  gniuules  will  lie  nujre  widely  separated  and  the  api>ear- 
anee  will  he  that  of  diif'use  granulation.  If  they  contract,  aa 
occurs  in  c>ases  of  general  cellular  contractinUj  the  so-called  in- 
spissation  of  the  cell,  they  will  appear  darker  and  the  neighboring 
ones  may  seem  to  coalesce.  The  changes  in  the  reticulum  may 
be   I(K^1,  and   give   rise   to   local  alteration  in   the   arrangemeut 

(Fig.  im.) 
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Another  change  that  freqiietitly  *x*rurs  in  pathoUigic  cells  is 
va^uoiiziition.  It  h  pissible  that  a  few  vacuoles  of  small  size 
may  be  the  result  of  the  hanlening  processes.  In  some  e>a8es, 
however,  this  alteration  is  very  extensive,  the  vacuoles  reaching 
70  fi  in  diameter.  They  appejir  to  he  tilled  with  a  li(|uid,  possi- 
bly lyniph,  that  may  undergo  sliglii  coagulation-necrosis  ;  at  least 
fibrillie,  that  may  be  tibrin,  have  been  observ^cd.  The  ecUs  often 
acquire  extraordinar}'  appearances.  Indeed,  it  Irxiks  as  if  the 
pericellular  space  was  enormonsly  dilated^  and  that  bands  of  pn:)- 
toplasm  extent!  from  it  to  the  surrounding  neuroglia.  The 
arrangement  of  the  vacuoles  is  always  exceedingly  irregular,  and 
if  more  than  one  is  present,  as  is  usually  the  casc%  the  vacuoles 
vary  gn^atly  in  size. 

Sometimes,  instead  of  the  vacuoles^  there  may  be  found  in  the 
cells  masses  of  some  substance  that  differs  from  the  protoplasm. 
These  are  usually  honxogeneous  irregular  masses  that  take  the  acid 
stain,  and  have  been  described  as  *^  colloid  "  in  nature,  using  the  word 
in  the  sense  given  to  it  hy  von  Recklinghausen.  Tlie  true  nature 
of  this  change,  however,  is  not  very  clearly  understfKKl.  Some- 
times the  vacuoles  appear  to  be  replaced  by  clefts  distributed  irreg- 
ularly in  the  protoplasm. 

In  nearly  all  degenerated  cells  there  is  accumulation  of  a 
peculiar  cellular  pigment.  This  may  be  fatty  in  nature,  as  it 
stains  black  with  osuiic  acid.  In  some  cases  it  seems  to  increase  J 
pari  paHmt  with  the  disjippearance  of  the  chromopliilie  btKlies,  so 
that  ultimately  the  cell  appears  as  an  irregular  mass  tilled  with 
this  yellowisli4>n»wn  pigment.  It  occurs  mirnially  in  old  age,  is 
found  in  the  cells  of  the  substantia  nigra  of  the  crura,  is  an  almost 
invariableaccomjmniment  of  those  diseases  in  which  a  sort  of  early 
senility  apjM'ars  to  occur,  sucli  as  general  paralysis^  and  is  rarely 
found  in  cells  undergoing  very  acute  negeneration.  Another 
form  of  pigment  giving  the  iron  reactions  occurs  in  certain 
jnithologic  states,  McCarthy  hd^  rejMjrted  its  occurrence  in  the 
brain  of  a  rai)bit  killed  by  snake- venom. 

The  changes  of  the  nuclei  first  appear  in  the  nucleolus  ;  this, 
as  has  been  siiid,  normally  contains  mm  or  two  vacuoles.  In  de- 
generative proees'^cs  it  begins  to  swcll^and  more  vacuoles  develop, 
so  that  finally  it  presents  the  appearance  that  has  been  likened  by 
Berger  to  the  morula  stage  of  the  ovum.  Ultimately,  as  the  de- 
generation  progresses,  it  may  grow^  fainter  and  di,S4ipj>ear  entirely. 
Clumps  of  chromatin  are  oilen  observed  at  the  periphery  of  the 
nucleolas,  and  occasionally  my-like  fibers  project  ircmi  them  into 
the  nucleus  ;  accessor^'  nuclei  are  also  often  jiresent.  Two  or 
nuire  nucleoli  have  also  been  observed,  but  it  is  doubtful  if  this 
is  a  morbid  change,  altlmugh  Berkeley  contends  that  it  is  an  in- 
variable sign  of  irritation. 

The  nucleus  itself  exhibits  a  variety  of  changes.     Stained  with 
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hematoxylin,  it  shows  a  delicate  chromatin  reticiihim,  and  thi^  may 
exhibit,  in  the  ordinary  forms  of  de^neraticm,  changes  that  are 
fonnd  in  other  cells  in  the  process  of  karyolysih  ;  tK*casionally  the 
chromatin  collects  in  a  diff'ut^e,  irreguliir  mass  about  the  niieh'olus. 
In  various  form^  of  degeneration  the  nucleus  scemg  to  be  stimu- 
lated»  and  ^howi*  kar^okinetic  figures,  or  may  even  divide  com- 
plete! y,  go  that  two  nuclei  arc  found  in  the  same  celL  This^  how- 
ever, m  not  neces!^^irily  a  degenerative  ehnngCj  Ijecausc  similar  ap- 
fearanccs  arc  found  in  (*nibryonal  anil  in  laecratcd  nerve-tissue* 
*crhaps  tlic  most  iiujjortant  nuch-ur  change,  and  etne  that  is 
most  ccrtiiinly  patliologic  in  nature,  is  the  dislocation  of  the 
nucleus.  It  may  be  found  at  tlie  periphery  of  the  cell,  or  even 
protruding  from  it,  as  if  to  be  ex]>elk^h  Wagner  has  even  de- 
scribed nuclei  lying  out.side  the  cells  without  nuclei  ;  but  Berger 
guggests  that  in  these  wises  the  (*ells  have  become  excessively 
vacuolated,  an<l  that  the  nuek^i  lie  among  the  vacuoles,  whose 
situation  at  the  j>eriphcr\'  of  the  cell  causes  it  to  appear  smaller 
than  it  really  is,  I  have  never  seen  nuclei  more  than  slightly  pro- 
truding from  degeneratwl  cells.  It  has  been  said  tliat  the  nucleus 
ean  disappear  fmm  the  cell  when  it  d4ics  not  present  marketl  de- 
gene  mtivc  changes  ;  it  must  be  remembered,  h(»wever,  that  the 
large  diameter  of  the  multiiMiIar  cell  renders  it  possible  with  a 
gfHKl  microtome  to  make  a  numl>er  of  sections  tlirough  a  single 
cell,  and  it  is  very  likely  that  these  conditions  arc  due  simply  to 
sections  beyond  the  plane  of  the  nucleus.  In  the  most  advanced 
types  of  degeneration  the  nucleus  certainly  disjippears  completely. 
Changes  may  also  take  place  in  the  cell  as  a  whole.  In  tlie 
prtK:ess  of  degenemtion  its  outline  usually  becomes  irregidar  and 
angular.  The  cell  appears  to  be  smaller,  and  often  the  pericellular 
space  \B  very  obvious.  In  many  cases,  however,  this  is  an  arte- 
fact, produced  by  the  hardening  fluid,  and  altliongh  it  may  be  also 
the  result  of  some  morbid  prcRiess,  it  is  iniptjssible  to  give  it  any 
value  as  such.  In  the  early  stages  of  degeneration  the  proto- 
plasmic proij esses  may  be  unimjmireiL  Varicosities^  such  hm 
shown  by  tlie  silver-impregnation,  are  rarely  ob starved  by  tiie 
Nissl  method.  I  have,  however,  seen  them  in  the  ncrvc-cclls  of 
the  cord  of  a  guinea-pig  killed  by  tetanus.  Tortuosity  of  the 
protoplasmic  pnx^esses  is  very  common,  iwirticularly  in  chnmic 
conditions,  such  as  sclerosis.  It  is  impossible  to  slain  the  terminal 
cmls  by  the  Nissl  method^  and  the  changes  in  the  gcnimuk^s  can- 
not therefore  be  recognized*  Sometimes  the  processes  l>econie 
friable,  break  off,  antl  disappear  coniplcttdy,  leaving  the  cells 
with  a  rounded  outline.  Finally,  disloe^ition  in  the  arrangement 
of  the  pyramidal  cells  of  the  eortex  has  been  observed,  particu- 
larly in  ciises  of  sclerosis  of  the  brain,  and  it  is  probable  that  it 
occurs  in  all  parts  of  the  nervous  system,  although  when  the 
normal  arrangement  is  irregular,  it  is  impossible  to  estimate  it^ 
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exIetiL  Bei^r  liai<  recently  called  atteDtion  to  a  very  pecoliar 
appiTaratloe  which  may  occur  in  degeDerated  cells.  Sometimes  ia 
the  portioa  of  the  nucletis  oppoatte  the  tiocleolus  there  ts  a  small 

firojection  from  the  wall  whtch  payees  itmurd  toward  the  nticIecK 
u»,  but  befrtre  it  reaches  il^  branches  into  three  or  four  arms 
that  have  dilated  ends.  These  seem  to  encircle  the  nucleoluSi  but 
are  not  directly  in  contact  with  it.  He  is  unable  to  give  a  satis  - 
iactory  explanation  of  this  appearance,  but  suggests  that  perham 
it  represents  some  form  of  duet  conveying  the  secretion  of  the 
nucleug  to  the  protoplasm  of  the  cell,  ordinarily  unstainable,  but 
in  d^enerated  conditions  Blknl  with  altered  fluid. 

The  tmeUohB  of  the  different  portions  of  the  ner%e-oell  are  but 
iraperfectly  known.  The  neuraxon  conveys  impulses  from  the 
cells  to  the  periphery,  or  transfers  them  in  some  as  yet  inexpli- 
cable manner  in  a  variety  of  directions  along  the  collaterals.  The 
cell-body  has  a  distinct  trophic  influence  over  the  neuraxon,  and 
when  this  10  removed,  either  by  de^st ruction  of  the  cell  or  by  the 
division  of  the  neuraxon,  the  |jeriphcral  jKirtiori  of  the  latter 
rapidly  degenerates.  On  the  other  hand,  the  ex|>erimeuL5  nf 
Goldscheider,  Plateau,  and  Nis.sl  have  shown  that  the  ueuraxou 
exerts  at  least  a  temporary  influence  over  the  nerve-cell,  and 
when  it  is  destroyed  in  any  way,  pathologic  changes  invariably 
occur.  There  are  many  theories  concerning  the  function  of  the 
nucleus,  but  no  more  is  really  known  about  it  in  the  nerve-cell 
than  in  any  other  cell.  It  is  concerned  in  active  division,  but 
this  Ls  apparently  an  exceedingly  rare  occurrence.  The  protoplas- 
mic processes  have  been  regarded  as  nutritive  or  as  centripetal 
organs.  Lenhossek  has  suggested  that  the  long  axis-cylinders 
that  convey  impulses  to  the  cells  of  the  spinal  ganglia  are  only  a 
mwlified  pnitoplasraic  process.  If  this  is  so,  it  woulfl  be  sufficient 
pffxif  that  they  have  an  active  function.  The  fact  that  the  axis- 
cylinders  of  other  cells  terminate  in  arborization  about  the  den- 
dritic pnjcesses,  the  cells  forming  the  next  link  in  tlie  chain,  ia 
also  a  proof  that  even  the  short  dendrites  receive  impulses.  The 
fact  that  a  «in^Ie  (Kirticularly  thick  dendrite  may  almost  alwaya 
be  observed  passing  t<i  tlie  nearest  bloml-vessel  indicates  that  they 
poessess  also  some  nutritive  function,  and  that  their  extensive 
arborization  is  partly  for  tlie  purjwjse  of  exposing  as  great  a  sur- 
face as  possible  to  the  nutritive  fluid  in  which  the  cell  is  bathed* 
Concerning  the  pathologic  physiology  of  the  norve-cells  we  have 
at  present  little  inf(U*mation,  although  certain  definite  changes 
have  been  described,  particularly  by  Hodge,  in  cells  that  ha%'e 
been  exhausted  l)y  excessive  stimulation.  What  changes  occur  in 
the  cell  preceding  the  production  of  energy  have  not  yet  been 
deti?rmined. 

Tfie  nerve-fibers  are  of  two  kinds,  the  meduHated  and  the 
noTi-meduUated*    Non-raedullated  nerve-fibers  consist  of  the  axis- 
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t^yliiKkT  alone.  They  are  ffnind  hi  tlie  olfactory  iKTve  and  in  the 
sympathetic:!  nervrm?*  system^  and  when  they  imder«[o  dejjeneration 
exhibit  swelliiij^  and  varicosities,  and  ultimately  bn^ak  down  into  a 
granular  detritus.  Non-medullated  nerve-tibers  raay  alsti  be  pro- 
vitleil  witti  a  .sheath,  tlie  neurilenuna  ;  sueti  tihers  are  found  in 
some  of  the  eerehros])jnal  iKTves.  Mrdidhitwl  nerve-fibers  may 
consist  only  of  the  niy<*lin-8ubstance  and  the  axis-cylinder — that 
is,  the  nenrilemma  is  al>sent ;  such  fibers  are  found  in  the  centra  I 
nervous  systr'm.  Ordinarily,  they  consist  of  the  neurilemma,  the 
myelin-sul*stan(^(%  and  the  axis-<'ylimler ;  sneli  (itn'rs  arc  flumd  in 
the  eentral  nerve^us  system  and  in  the  peripheral  nerves.  These 
tihers  may  bnuu'h,  either  ^ivin^  ott'  eoilaterals  in  their  <'ourse,  or 
forming  more  or  less  complex  aborizations  at  their  termimilions. 
The  axis-cylinder  usual ly  exhibits  a  somewhat  tibri liar  .structure. 
The  myeUu-materiai  resembles  fat  and  has  a  bi^h  reiraetive  in- 
dex. It  does  not  extend  the  wlKde  length  of  the  fibers,  but,  at 
rather  regular  intervals,  is  absent  (nodes  of  Ranvier).  These 
p<:ants  are  perhaps  Ibr  tlie  purpose  of  providing  access  for  nntri- 
ment  to  the  uerve-tiber.  Upon  the  inner  surface  of  the  neuri- 
lemma are  found  a  few  oval  nuclei  surrounded  by  protitplasm. 

The  fimctioE  of  the  nerve-fibers  is  eom[>aratively  simple.  Im- 
pulses are  conveyed  by  the  axis-cylinder,  the  neurilenuna  and  the 
njyelin  substances  apparently  serving  for  prntection  ami  perliaps 
nutriment.  It  was  formerly  suppo>ed  that  the  myelin  acted  as 
an  insulating  material  ;  but  the  fact  that  non-medullated  fibers 
exist  shows  tliat  in  some  cases  at  least  it  is  unnecessary  for  this 
purpose. 

The  earliest  sym[>tonj  of  degeneration  in  the  nerve-fibere  is  tlie 
appcanince  of  gninules  in  the  myelin -sheath.  Tb<^'5e  soon  run 
together  and  fbrnj  droplets  that  give  all  the  reactions  typical  of 
fat.  Such  a  fiber,  examined  nucroscopically  in  longitudinal  st»c- 
tion,  exhibits  these  droplets  arranged  irregularly  along  its  course, 
giving  rise  to  a  somewhat  beaded  appearance.  (8ucb  axis-eylin- 
ih  rs  may  be  stained  by  osmic  acid  (Marcbi\s  mt^thml),  or  by 
Sudan  IlL,  providing  the  tissue  lias  not  been  hardened  in  alcoboh) 
The  next  change  is  usually  found  in  tlic  axis-cylinder.  This  may 
swell  and  become  extnuirdinarily  varicos*\  so  that  indeed  it  loses 
all  resemblance  to  a  nerve-liber  Instead  of  bting  fibrillarj  it  has 
an  irregular  granular  app<'anince,  and  may  contain  here  and  there 
minute  dr(»]dets  of  fat,  or  the  fiber  may  shrink  and  bectmu^  granu- 
lar, and  idtinuitely  disappear,  nothing  remaining  to  indicate  its 
previous  existence  excepting  a  njass  of  deli(  ate  gmmdar  detritus. 
These  clnmgcs  may  be  bn night  about,  eitluT  by  the  destruction  of 
the  ganglion-<.^ell  from  which  tlu^  axis-cylinder  forming  the  fiber 
arises  ;  or  by  separation  of*  the  fiber  from  its  gsxngl  ion -cell ;  or  by 
injurious  agencies  acting  liH-ally  upiui  the  nervt^-fiber.  The  second 
form  of  degeneration — that  is,  taking  place  in  the  peripheral  por- 


TEXT'BOOK  OF  PATHOLOGY, 


tion  of  the  cut  nerve — is  known  a.s  Wallerian.  Changes  in  the 
proximal  end  abo  occur,  !>ut  rarely  extend  further  than  the  first 
node  of  Ranvier.  When  a  nerve  ha**  lieen  divided  the  earliest 
change  is  found  on  either  side  of  the  point  of  division,  and  con- 
sistij  in  fragmentiitiou  of  the  myelin.  Alioiit  the  third  day  fat- 
droplets  appear  in  the  myelin  ;  there  is  inline  swelling  of  the  axis- 
cylinder  ;  and  ofu^n  proliferatiou  of  the  niielet  in  the  neurilerama 
may  be  observed.  As  tlie  myelin  breaks  down  into  a  fatty  dc^tri- 
tns,  it  is  gradually  absorbed  by  the  comp>und  granular-cells^  which 
appear  all  along  the  course  of  the  nerve^fibcr,  and  at  the  end  of 
thre**  or  four  months  it  lia«  entirely  disappt^artHj.  During  this 
pf*rio<l  the  nriirf>gUa  is  undergoing  proliferation  ;  at  first  there  is  a 
slight  incrt^ase  in  the  number  of  neuroglia-cells ;  later,  the  pro- 
liferation of  the  fiberji  pre jKind crates,  and,  finally,  the  degenerated 
area  is  occupied  by  a  thick  mass  of  coarse  fibers  that  usually 
undergo  slight  cont motion.  The  prolifemtion  of  the  cells  ceasea 
about  the  time  tliat  t\\v  fibers  have  1>ecomc  completely  degen* 
crated.  The  subsequent  proliferation,  if  any,  incurs  only  in  the 
neurogria-fibers.  The  centnU  j>ortion  of  the  separated  fil>er  will, 
after  a  long  interval,  also  degenenitc  ;  this  is  pissil>ly  due  to 
functional  inactivity,  and  apjx'ars  to  be  more  of  the  nature  of  an 
atniphy.  Thus  in  amputations  that  have  occurred  in  early  life, 
the  anterior  rm»ts^  iijrmiug  the  ner\'es  that  supply  the  amputated 
limb,  bec^jrue  smaller  and  roiitain  fewer  libers,  aud  there  is  ulti- 
mately some  dcgeuenitiMU  in  the  gang! ion-cells  of  the  anterior 
horns.  Regeneration  of  nervous  tissue  occurs  in  the  invertebrates 
and  possibly  among  fishes  and  reptiles^  although  this  is  very  un- 
certiiiiK  Regeneration  of  nerve-fibers  in  the  peripheral  nervoiia 
system  occurs  in  all  the  higher  aiiimuls,  including  man.  After  the 
nerve-trunk  iias  been  cut,  the  jHTiplitTal  cods  of  the  axis-cTlindt^r 
of  the  rinitrul  portion  of  the  nerve  b*H;ome  swollen  and  split  up 
into  wry  fine  Hbrillie.  These  grow  in  varitius  directions,  and,  if 
they  unite  with  the  distid  portion  of  the  nerve,  will  use  it  as  a 
skeleton,  and  one  of  them,  at  least,  will  grow  toward  the  periphery, 
ultimately  fi>rmiug  new  nerve-fibers,  Thf^se  changes  ot^eur  in  lioth 
sensory  aud  motor  fi i)ers.  (See  s^^ction  upon  the  Regeneration  of 
the  Peripheral  Xerves.) 

The  tietirog'lia  of  the  nervous  system  may  pn.diferate  or 
undergo  softening,  the  former  change  prfxlucing  various  ibrms  of 
sclerosis  or  gli^Lsis,  Sclerosis  of  the  bnitu  may  be  either  diffuse  or 
circumscribed,  and  th(*  latter  is  again  subdivided  into  the  hyper- 
trophic and  atrophic  forms. 

Diffuse  scleroma  of  the  hrain  never  invoK^es  all  parts  equally. 
To  a  certain  extent  it  is  normal  in  oKl  age,  and  is  usually  found  to 
be  limited  to  the  most  su|jerticial  portion  of  the  cortex  beneatJi 
the  pia,  or  else  Xaj  the  layer  of  the  gray  substance  adjacent  Xa}  the 
white  nmtter.     The  neuroglia-tissue  in  either  situation  appears  to 
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be  coitiposetl  of  rather  coarser  fibers  than  common,  either  forming 
wavy  bauds  or  a  coarse  network.  Maero.'«!Opically  the  braina 
exhibit  only  stlij^ht  alteration.  The  eonBisteney  may,  *m  account 
of  otlier  senile  changes,  be  even  slightly  reduced  ;  the  gray  matter 
is  usually  narroAver  than  normal  ;  the  pia  mater  18  g*?nerally  tirmly 
adherent,  but  not  invariably.  This  condition  Hometiines  occin-s  in 
eonneetion  with  other  diseases,  as  epilepsy,  or  may  be  eoiigenitaL 

Disscmmated  sclerose  is  sometimes  only  slight  in  extent.  It 
may  occur  in  the  brains  of  epile]>ties,  of  criminals,  ol"  old  p<:'r>sons, 
and  of  idiots.  The  small  sclerotic  fbei  are  usually  found  at  tlie 
junetifru  of  the  gray  and  white  matter,  more  particular!}-  in  the 
former  than  in  the  latter.  The  neuroglia-t issue  tbrms  a  coarse, 
irregular  network  ;  as  a  rule»  it  is  unusually  vascular  an<l  without 
any  or  fmly  a  few  true  ner\  ous  elements.  These  areas  may  be 
detected  by  the  nuked  eye,  when  large  enough,  by  the  fact  timt 
they  are  pah^r  than  the  surrounding  tissue  and  often  slightly 
sunken.  If  the  pnx?ess  is  more  extensive  and  involves  the  wliole 
thickness  of  one  or  more  gyri,  it  gives  rise  either  to  tlie  atrophic 
or  hypc4'trophic  form,  or  both  may  coexist  in  tlic  same  brain.  The 
external  ap}M*amnce  in  these  cases  is  eharaeteristii'»  and  cannot  be 
mistaken  tor  any  other  pnjcess. 

In  the  atrophic  form  thegyri  are  reduced  perhaps  to  the  thick- 
ness of  a  lead-]>cneil,  they  are  pak%  firm,  slightly  granular  upon  the 
surface  and  the  pia  mater  may  be  slightly  adherent ;  but  this  is 
not  common.  ISeetion  thnmgh  one  of  these  convolutions  shows 
that  the  cortex  is  considerably  thinner  and  has  a  tendency  to 
retract.  The  wliite  substauee  is  alnj  in  vol  veil,  but  apparently 
less  severely.  The  extent  of  the  prot^ess  is  \ery  varial)U% 
one  or  two  convolutions  oni\-  being  affectetl,  or  perhaps,  as  in 
several  reported  cases  of  epilepsy,  only  the  cornua  ammonis. 
Sometinies  a  number  of  convolutions  art^  affected,  and  in  the 
majority  of  these  crises  there  is  some  tendency  to  an  irregularly 
symmetricai  flistribiition.  Microscopically  the>e  lesions  show 
marked  Ijyperpla^ia  of  the  ncuroglia-tissue — that  is,  increased 
number  *tf'  neuroglia-eells  an<l  c^mrseness  of  the  neumglia-fibers, 
which  form  coarser  meshes  than  usual.  Many  of  the  ueuroglia- 
ecUs  are  swollen,  the  nuclei  are  enlarged,  pule,  and  the  out- 
lines of  the  cells  are  irregular.  In  some  cases  a  number  of  the 
cells  show  a  slight  projection  upon  one  side.  The  nervous  elt  nicnts 
may  apju-ar  to  be  mtirc  thickly  [jlaccd  and  somewhat  irregularly 
distributed,  and  tht*  protopliismir  |)nH"esses  of  the  ganglion-cells 
are  often  tortuous.  More  fre<|uently  they  are  considc  ral»ly  dimin- 
ished in  nundicr  or  else  entirely  absent.  The  myelinated  fibers 
are  alwavs  decreased,  particularly  the  tangential  filxi^.  of  the  cor- 
tex. Tlie  vessels  are  more  uumerous  than  usual  and  ofYen  show 
wide  perivascular  spaces  tilled  with  fibrous  tissue.  In  the  nmst 
advanced   areas,  however,  the  vessels   may  be   entirely  absent. 
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Corpora  amylacea  or  kindred  ijrodiuis  of  iicrve-ilegent^mtion  are 
hometimes  fuiiod,  Onlinarily  tli(!  lUHiro^lia-tibtrs  arr  sirnmgecl 
in  hands  just  briirath  the  piiL  Sometimes  thoy  form  (iistinct 
whorls.  These'  changes  arc  usually  foiuid  in  epilepsy  and  idiocy, 
and  when  the  lesions  oeoiir  in  the  motor  region  are  always  asBO- 
eiated  with  motor  disturhanees. 

In  tiie  hyperfrupliie  nodular  fornix  the  hi"ain,  as  a  whole,  is 
usually  sdiiit  what  (  nlargcd,  and  nochiles  are  fonntl  in  the  cerebral 
cortex  that  proj(H^t  from  the  t^urfkee  antl  arc  nuich  liiirder  than  the 
surrouuding  suljstiuice.  The  larger  ones  are  often  slightly  unibili- 
eated.  The  surface  of  these  noihdcs  is  often  granular.  The  miero- 
S4"fipic  changes  are  similar  to  those  foiuid  in  atrophic  sclerosis,  witli 
the  ex(H*ption  that  the  excvi^^  of  ncHiroglia-tissue  is  much  more 
pnniouueed*  In  these  brains  there  are  often  sclemtic  areai* 
fiencath  the  e|>endyma  of  the  ventricles,  the  lateral  ventrieh'S 
being  more  frequently  affected  than  the  third  or  hfurth.  These 
noilnles  are  small,  round,  and  vt^ry  IianL  Mieroseopically  they 
are  fount  1  to  consist  t>f  neuroglia- fibers  arranged  in  a  somewhat 
concentric  nianncn  They  may  be  vasctdar  or  entirely  deprived 
of  blfMHl-vessels,  and  s^nuetimes  contain  clialky  deposits  or  massei« 
of  hyaloid  material.  As  in  all  tlestruetive  lestons  uf  the  central 
nervous  system,  secondary  degenerati«ms  may  occur,  but  they  are 
far  less  common  than  would  be  sus|>ected  from  the  apjmrent  extent 
of  the  (h*gener.iti\^e  processes.  These  forms  of  congenital  sclei*osis 
prnlialdy  cmumcuce  after  the  seveuth  m<nith  of  fetal  life,  because, 
as  Ivumlrat  lias  pointed  out,  the  arrangeujcnt  uf  the  ct»nvolution.s 
is  mri'ly  disturbed.  They  have  been  ascrilier!  to  syphilis,  to  in- 
flaurmati^ry  change,  to  congestion  of  the  lymphatic  system,  and  as 
akin  to  tumor- format  ion.  The  absctiee  of  round-cell  infiltration, 
and  the  tact  that  ttie  pia  is  mrely  adherent,  even  wlicn  the  sclero- 
sis takes  [dace  in  thc^  most  superficial  layers  of  the  cortex,  wctuld 
seem  to  cxchidt*  i ntlaiu mat orv  causation,  Nenrogliar  proliferation 
cH'cnrs  al)OUt  gumma,  luit  there  is  no  gronntl  for  Ijclieving  that  all 
other  forms  are  also  due  to  syphilis.  Tlic  dilatation  of  the  jx^ri- 
vascuUr  spaces  is  favorable  to  the  thcMiry  of  congestion  of  tlie 
lympliatie  system.  This,  Ijowever^  is  probably  secondar}\  It  is 
no  explanation  for  this  process  to  say  it  belongs  to  tlie  tumors,  but 
at  pri'sent  it  appears  impossible  to  give  a  more  satisfactory  eti- 
ology. Soilcning  tif  tbe  neuroglia  is  a  jiart  of  all  processes  of 
fir>ftening  in  the  brain,  which  are  descnlnd  in  connection  with 
thrcMubosis  and  embolism,  A  condition  that  is  possildy  the  result 
of  softening  during  fetal  existence,  but  may  be  a  congenital  mal- 
formation, and  consists  of  the  formation  of  ciivities  in  the  brain, 
may   properly  be  described   here. 

Porencephaly  is  a  condition  characterized  by  the  absence  of 
a  greater  or  less  amount  of  the  substance  of  one  or  both  of  the 
cerebral  hemisphert^s,  leading  to  the  tbrmation  of  a  cavity  or  cav- 
ities filled  witli  cerebrospinal  fluid* 
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Etiolofy. — ^The  cause  of  ]vorencepIialy  is  not  definitely  known. 
Ai§  Von  Knblden  remark*?,  the  sinHlurity  of  the  losionH  in  typieal 
cases  is  Hiieh  that  it  seems  reasoiialjle  to  at^eept  a  imiforni  etioliitjy, 
Kiiml rat  helievetl  tliat  tlie  lesions  were  tlue  to  aneniii^  iiifaretion, 
as  a  result  of  tlie  ocehision  of  tiie  Sylvian  arteries.  Freund  also 
atTcepts  this  a^  the  cimse  in  a  c^*rtain  number  of  l!si,hgs.  Von 
KahhJen,  however,  believes  that  it  is  tlie  result  of  .some  distnrb- 
anee  in  :i  developnit^nt  of  the  brain,  and  bases  bis  opinion  upon 
the  symmetry  of  the  lesions  and  their  peenliar  sitnatiou.  Other 
authfvrs  have  sn^gested  an  inflammat(n\v  origin  nf  the  proeess, 
beeiiuse  of  the  adhesions  betwtvn  the  membranes.  A  eertain  num- 
Ijer  of  rases  eerttunly  develop  after  birth  ;  these  may  be  due  to 
injury,  sneh  as  might  be  produeed  by  instnunental  delivery,  or  bj 
bh^ws  upon  the  sknll,  or  by  enibolieor  inflammatory  proeesses.  It 
can  only  he  said,  howrver^  that  the  etitilngy  is  at  jiresent  anknown. 

Pathologic  Anatomy, ^ — Von  Kahlden  has  tiivided  the  raises 
liitherto  reporteit  into  two  eiasses  :  the  typicjd  and  the  atypieal. 
The  fornn?r  elass  comprises  about  two-thirds  of  all  the  canes,  and 
18  ehani<'tcrized  by  the  presenee  of  a  funnel-like  cavity  iti  the 
motor  regioTi  of  the  brain,  usually  l)ilateral,  although  unetjual^  that 
extends  ironx  the  subaniehnoid  s}>aee  tr»  tfie  <'avity  of  the  ventriele 
(Fig.  3ol),  Frecjuently  this  eomiition  is  associated  with  imperfect 
development  or  exposure  of  the  island  of  Keil.  I  n  the  atypical  fi>rm 
the  lesions  are  exceedingly  various  ;  ttiey  may  be  found  in  any  j>art. 
of  the  cerchnd  hemispliercs  j  the  sliajM?  of  the  cavity  may  be  eitlier 
a  shallow  depression  or  a  ermsiderable  loss  of  substance.     Often—* 
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in  fact,  usually — there  is  no  communication  between  the  cavity  and 
the  ventricle.  These  varieties  may  even  be  found  in  tlie  cerebel- 
lum, and  jK^rhapsare  most  frequent  in  the  lateral  lobes  at  the  jwjint 
where  they  unite  with  the  vermiform   process.     Cases  have  aIt?o 
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been  rccorflod  with  €Uvity-formatir>n  in  tho  base  of  th*^  hniin,  com- 
municating sometimes  with  on^  of  the  horn^^  of  the  lateral  ventri- 
cles. A  sort  of  cyistic  formation  has  been  deseri}>ed,  in  which 
multiple  cavities,  not  coniniunicatin^  witli  cither  the  ventricle  or 
gubanichiioid  sjmccj  have  been  fonn<l  in  the  yiibstiincc  of  the  brain. 
The  nKiemseujiic  changes  ofjscrved  in  tlic  typical  form  are  jis  fol- 
lows :  ordinarily  a  distinct  depression  is  notieec)  in  the  dura  aft(*r 
the  sknll  has  been  removed.  Wlien  this  region  is  more  carefully 
examined  it  is  found  that  the  dura  may  or  may  not  be  adheiTnt 
to  the  arachnoid  which  covers  the  cavity*  The  pia  tisually  dips 
into  and  covers  the  wall,  and  may  l>e  continnons  with  the  epen- 
dyma  of  the  ventricle.  The  adjacent  cunvohitions  of  the  brain 
arc  arranged  in  a  Himcwbat  radiate  manner  and  turn  down  into 
the  cavity,  altbongh  this  is  not  invariably  the  case,  for  they  some- 
times may  appear  as  if  dimply  cut  off,  bein^  otherwise  normally 
arrani^cd.  Ass<KM*ntcd  change's  in  the  brain  are  microgyria  ;  pn>- 
liferation  of  the  ncyroglia-tissiic,  and  perhaps  also  of  the  cod- 
ueetive  tissue  ;  atrophy  of  the  nerve-cells  in  the  cortex,  particu- 
larly of  the  larjL^e  pyi'amidal  eells  ;  and  nn»re  or  less  complete 
destruction  of  the  ncrve-tibers  in  the  regi*in  adjacent  to  the  defect. 
Rarely  tliere  is  a  sort  of  cystic  degeneration  of  tlie  walls  of  the 
cavity.  The  spinal  cord  usually  exhibits  a  seetmdary  degen- 
eration in  the  pyramidal  columns  ;  tliis,  hi>wever,  is  not  always 
the  case,  for  sometimes  it  appears  that  one  or  both  pyramidal 
columns  have  1  ailed  entirely  to  tlcvelop,  giving  rise  to  a  condition 
of  mieromyelia.  Other  parts  of  the  brain  appear  to  be  randy 
atfectctl  in  the  typitral  form  of  the  condition.  When  the  lesion 
is  sitiiated  in  any  other  part  than  the  central  region,  corresponding 
secondary  degenerations  may,  of  course,  occur. 

THE  BLOOO-VESSELS. 

The  arteries  of  the  brain  may  be  divided  into  two  groups, 
those  nourishing  the  cortex  and  those  nourishing  the  basal  gan- 
glia. The  former  are  the  rarnihcations  of  the  terminal  branches 
of  the  einde  of  Willis  ;  the  latter  arise  directly  from  the  main  ves- 
sels of  tlie  base  of  the  bniin. 

Atheroma. — The  clianges  that  occur  in  the  arteries  are  those 
nnlinarily  oceuning  in  the  vessels  of  the  other  parts  of  the  body, 
atheroma  of  the  arteries  of  the  base  of  the  brain  hein^  jjerhaps 
more  frequent  than  of  the  arteries  of  the  majority  of  other  organs. 
These  atheromatous  changes  usually  lead  to  calcareous  infiltration, 
and  in  old  age  often  tlie  entire  circle  of  Willis  is  composed  of 
typieal  pipe-stem  lu-teries.  When  tlic  prwess  is  less  extend ve, 
the  calcareous  intilrratioJi  is  most  apt  to  affect  the  two  internal 
carotids,  the  middle  cerebrals,  and  the  basilar  artery. 

Hyaline  degeneration  may  also  occur.    It  is  of  two  kiiidi% : 
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that  which  forms  simply  the  early  stage  of  arterial  sclerosis,  and 
another  process  that  is  apparently  inJe|>endent  of  this,  and  o<:'enrs 
SLH  a  ditl'use  degeneration  of  tlie  intima  and  media*  This  latter 
form  is  freqnently  foniul  in  tlie  brains  of  rhronie  idiots  even  dnr- 
iiig  early  lite.  Oeeasionally  it  18  al84>  found  in  senile  bmins,  hnt 
in  thei^e  eases  is  not  so  certainly  inilependent  of  arterial  sclerosis* 
Amyloid  clcjij^eneration  of  the  blood-vessels  may  cM;eiir  as  a  part  of 
general  amyloid  disease,  but  is  not  especially  eomnion  in  tlie  bmiii* 

Colloid  Degeneration. — A  mre  fc  >nn  of  degeneratirm  has 
been  spoken  of  as  colloid,  alttiough  the  material  di.scovered  in  the 
blood-vessels  seems  more  akin  to  that  of  hyaline  degeneration.  In 
this  proi'ess  the  ailventitia  and  the  media  are  greatly  thiekenetl  as 
a  result  of  their  infiltmtion  with  a  homogeneons  transUieent  mate- 
rial, which  may  be  dt-posited  irrcpruhirly  in  masses,  or  else  cause  a 
diff\ise  thickening  uf  the  wall*  Tht-  masses  project  into  the  sur- 
round in^r  u<4'v*)us  tissue,  and  may  sometimes  l)e  tletaehe*^  forming 
then  independent  clumps  that  are  not  unlike  the  so-callerl  amyla- 
(teous  bixbes,  althou^di  they  fail  to  give  all  the  ehanicteristic  amy- 
loid reactions.  This  condition  is  usually  assfK-iateil  with  pivdouod 
disturbances  of  tiie  intellect,  auti  may  give  rise  to  clinical  sym|>- 
toms  that  resemble  those  of  general  paresis.  A  case  of  this  nature 
has  been  reported  by  Alzheimer.  This  colloid  or  hyaloid  nuiteriail 
is  soluble  in  boiling  water  and  in  alkaline  solutions.  It  stains  a 
bright-red  by  Van  (iiessen^s  methml,  and  Ui^nally  1)1  ue  l)y  Wei- 
gert's  iibrin-method.  iSoraetimcs  it  stains  bmuu  with  iodin,  but 
not  invariably.  There  is  usually  extensive  degeuemtion  of  the 
nervous  elements,  which  may  be  associatetl  with  secondary  changes 
in  the  spinal  cord* 

Injury  followed  by  softening  of  the  brain  causes  considerable 
thiekt^ning  of  the  walls  of  the  bliKxJ- vessels,  which  seems  to  be 
due  chiefly  to  proliferation  of  the  intima;  but  there  is  also  dis- 
tinct proliferntitm  of  the  media*  Asa  result,  the  liunen  is  con- 
siderably decreasiHl.  These  changes  ocear  in  all  the  blood-vessels 
thronghoot  the  affected  area. 

S3^1lllis  frequently  causes  fhk'krnhif/  of  the  iidimn  or  ctnlarfe^ 
rilU,  whieli  may  be  due  either  to  the  usual  round-cell  infiltration 
or  to  the  formation  tif  fibrous  tissue.  Tuberculosis  may  also  cause 
endarteritis.  This  form  is  most  frcquendy  iLssociated  with  tuber- 
cular meningitis,  and  therefore  the  basilar  artery  is  the  on*'  most 
irequeutly  atfectcd. 

Aneurysms  may  occur  in  any  of  the  components  of  the  circle 
of  Willis,  The  basilar  artery  is  the  one  most  frequently  involved, 
usually  jnst  at  its  posterior  extremity.  Lai'ge  aneurysms  of  the 
arteries  of  the  brain  proper,  or  of  the  arteries  of  tlie  vertex,  are 
exceedingly  rare,  A  saccular  aneurysm,  as  large  as  a  cherry, 
springing  from  the  anterior  commimicating  artery,  was  ol>served 
at  the  Philadelphia  Hospital.    31  Uiary  an eurymfw  o{  the  brain  are, 
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on  account  of  thoir  etiologic  relation  to  €C'rcl>ral  hemorrhagi*,  the 
mofit  iinportaiit  form  of  vascular  dii^easi^  in  the  bmin  (8ee  Fig.  183). 
Thc8i^  jineiirvBrns  njav  be  eetatir  or  ^aecular.  The  ectatie  forms 
are  usually  fusilbrm  in  shape,  anti  oi'ten  consist  of  but  a  single  coat 
of  the  vessel- wall ;  that  is  to  siiy,  they  arc  niercly  end ot helium 
surroundet!  by  a  thin  layer  of  fibrous  tissue.  The  saceiihir  aneu- 
rysms are  usually  somewhat  larger  ;  they  appear  as  hiilbons  .swell- 
ings on  one  .sit!e  of  the  vessel,  cfinneeting'  with  the  hmit^n  l>y  nar- 
row op*^nin|^s,  Thi*y  may  consist  of  a  single  wall,  as  in  the  i'usitorm 
type,  tlie  most  eoranum  variety,  or  of  the  iutimu  or  advcntitia,  with 
a  considcnil)le  anionnt  of  hbroiis  thickening;,  Oceasifjiially  the 
fusiform  aneurysms  may  exhibit  distinct  atla  romatous  eliange,  but 
even  in  these  instanets  the  niwlia  is  atrophic,  and  they  are  certainly 
exceptional.  It  fs  <Ioubtful  wliether  arteriosebTosis  is  of  much 
importance  in  comiceticm  with  the  formation  *4'  these  ancurysnig, 
and  it  is  certain  that  in  the  nnyority  of  eases  the  lirst  change  in 
the  vessel  is  a  fatty  degeneration  of  the  media.  This  leads  to  local 
weakenin^of  tlieuall  and  to  conseqnent  distention-— a  cvhangp  that 
is  favored  by  th<^  Cfmsidcrablc  degree  of  pressmv  to  which  the 
arteries  springing  from  the  middle  cerebral  or  fnmi  the  beginning 
of  the  basilar  artery  arc  subjeetcd.  According  to  sf»me  authors, 
these  aneurA'sms  are  to  l»e  regarded  as  hernite  of  the  intinia,  really 
the  result  of  atrophy  of  the  niuscularis,  nevertheless  they  are  more 
frequent  in  the  old,  and  certainly  in  the  majority  of  cases  in  which 
they  arc  ftmnd,  tire  arteries  of  the  base  are  liistinctly  athemmatiais* 
The  formation  of  thmmbi  in  miliary  anenrysms  is  exceptional. 


CtRCULATORY  DISTURBANCES. 

Cirenlatory  disturbances  in  the  bmin  differ  from  those  in  other 
parts  of  the  bo«ly  on  aeeonnt  of  tlie  presence  o(  a  rigid  bony  eii|>- 
Hule  (the  skill  1),  which  prevents  any  incnnise  or  decrease  in  the 
Hizc  of  the  contidneil  viseus.  Variations  in  the  quantity  of  blotwJ, 
however,  do  take  place  in  adults,  and  are  rendered  |»ossildc,  first, 
by  the  elasticity  of  the  nervous  substance  itself,  which  is  capable 
of  underg^ang  a  slight  degree  of  com|)rcssion  or  extension,  and, 
second,  by  the  free  eommunication  r>f  the  subarachnoi*l  spa(.*cs  of 
the  bmin  and  corfl  and  the  ventrirMdar  cavities,  so  that  the  cere- 
brospinal tluitl  may  be  in  greater  or  less  qnantity  iu  the  cavity 
of  the  sknll  or  in  the  spinal  canal,  and  thus  pcrnut  variation 
in  the  amount  of  blood  in  either  region.  Local  (congestion  or 
anemia  may  occur  as  a  result  of  lo<'al  disturbances,  but  the  free 
anastomosis  of  the  arteries  of  the  t^inOr  r>f  Willis  provides  such 
facility  in  erpiallizing  the  amount  of  bbiod  flowing  to  the  difTert^nt 
parts  of  the  brain,  that  neither  is  often  found  in  general  condi- 
tions. In  very  young  children  these  mechanical  restrictioni?  do 
not  obtain,  l3eeause  the  fibroas  union  between  th.*  bones  of  the 
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skull  permits  of  very  considerable  changes  in  the  size  of  the 
cranial  cavity. 

Acute  anemia  of  the  brain  may  occur  as  a  result  of  severe 
hemorrhage,  or  of  hyperemia  in  other  parts  of  the  body,  particu- 
larly the  pulmonary  and  abdominal  organs,  and  it  has  been  sup- 
tosed  to  exist  in  fainting,  during  hysterical  crises,  and  in  sleep, 
t  must  be  admitted,  however,  that  certain  proof  of  its  existence 
either  as  a  cause  or  effect  of  the  three  latter  conditions  is  lacking. 
Microscopically  the  brain  is  usually  pale  and  firm.  There  is  little 
or  no  tendency  on  the  part  of  the  small  venules  of  the  white  sub- 
stance to  bleed  upon  cross-section,  and  the  gray  matter  is  dis- 
tinctly paler,  so  that  the  distinction  between  it  and  the  medullary 
substance  is  not  so  distinct  as  is  the  case  in  normal  tissue.  Some- 
times in  these  conditions  there  is  overfilling  of  the  veins  of  the 
pia  as  a  result  of  the  shrinking  of  the  brain.  The  changes  in  the 
functions  of  the  brain-tissue  ascribed  to  this  condition  are  partly 
irritative,  partly  paralytic.     They  are  very  indefinite. 

Chronic  anemia  of  the  brain  may  occur  in  severe  cachectic 
conditions,  such  as  progressive  pernicious  anemia,  lead-  or  malarial 
poisoning.  It  may  also  be  the  result,  though  less  frequently,  of 
atheroma  of  the  cerebral  arteries,  with  a  general  narrowing  of 
their  lumina.  The  brain  is  small,  the  consistency  varies  accord- 
ing to  the  duration  and  nature  of  the  process,  being  at  first  hard, 
later,  probably  as  a  result  of  degenerative  changes,  slightly  softer 
than  normal.  The  ventricles  are  not  dilated  at  first,  but  the  con- 
volutions are  shrunken  and  the  sulci  are  wider  as  a  result  of  the 
diminution  in  size  of  the  brain  as  a  whole.  The  substance  of  the 
brain  is  pale,  and  often  seems  slightly  moister  than  normal.  Local 
anemia  may  occur  as  a  result  of  thrombosis  or  embolism,  and 
usually  leads  to  softening. 

Active  hjrperemia  of  the  brain  is  nearly  always  associated 
with  inflammatory  or  toxic  conditions.  It  is  perhaps  most  fre- 
quent in  association  with  meningitis  or  encephalitis.  It  is  always 
found  after  death  from  sunstroke,  acute  delirium,  cholera,  and 
hydrophobia  ;  as  well  as,  occasionally,  after  death  from  infectious 
disease.     It  may  be  liK'al  or  general. 

Local  hsrperemia  is  usually  associated  with  meningitis,  and 
may  be  limited  to  the  suiHTficial  layer  of  the  cortex  beneath  the 
meningitic  areas.  The  affected  parts  are  darker  than  normal  and 
may  even  contain  pimctifomi  hemorrhages.  Microscopically  the 
blood-vessels  are  found  to  be  dilated,  and  there  is  more  or  less 
degeneration  of  the  adjacent  nerve-substance,  according  to  the 
dunition  of  the  process.  Local  liyjK^emia  may  also  occur  after 
thrombosis,  and  leads  to  red  softening  of  the  nerve-tissue. 

General  active  hyperemia  is  sup]K)sed  to  be  associated  with  un- 
usual aetivity  of  the  mind,  particularly  prolonged  and  intense 
mental  effort.     Certain  proof  of  this,  however,  has  not  yet  been 
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furai-'^hefL  The  brain  is  darker  and  larger  and  its  eonsisteney  is 
softer.  The  bUmd- vessels  of  the  pia  are  injected.  The  gray  mat- 
ter 18  darker  and,  a.s  in  the  IcK^al  form,  may  contain  minute  hemor- 
rhagic foci.  The  white  matter  is  moist;  its  eolor  is  rarf^ly  altered, 
but  as  snon  as  the  section  is  made  it  is  covered  with  small  rt'd 
s[>nts,  representing  hemorrhages  from  the  veins  and  capillaries, 
Thes(»  may  be  readily  distinguished  from  interstitial  hemorrhages  by 
allowing  a  little  water  to  flow  over  tlie  surface  of  the  section,  wlien 
they  will  disiippear,  Microseopittilly,  aside  from  the  distention 
of  the  vessels  with  blood,  pronoTuieed  degenerative  changes  are 
rarely  found,  excepting  in  those  cases  resulting  from  infectious 
diseases*  In  these  the  alterations  commonly  associated  with  severe 
toxemia  arc  present,  but  are  to  be  considered  as  complications,  and 
not  as  the  result  of  the  eirculatory  disturbances. 

Occasionally,  in  acute  intectious  diseases  such  as  typhoid  fever, 
a  condition  occurs  in  which  there  is  evidently  excessive  irritation 
of  the  central  substance,  manifested  by  symptoms  not  unlike  those 
of  meningitis.  Post-mortem  in  these  cases  the  only  changes 
found  are  liypcremia  of  the  I > rain,  Ev^eu  microscopically  no  dis- 
tinct inflauimatory  lesions  t^an  be  discsovered.  This  condition  has 
been  termed  mmmgmnuH, 

Passive  hyperemia  may  be  associated  with  valvular  heart- 
disease  or  chronic  luug-disease,  or  it  may  be  ciinsed  l>y  tumors 
in  the  neck  pressing  upon  the  jugular  veins,  or  by  intracranial 
eonditious.  Of  the  latter,  the  most  important  are  l>rain-tumor8 
compressing  the  veins,  whilst  the  arteries  still  continue  to  con- 
vey blood,  and  thus  cause  increase  of  tlie  cranial  content*. 
When  the  tumors  press  upon  the  veins  of  Galen  passive  hyper- 
(*mia  and  distention  of  the  ventricles  are  particularly  common. 
Passive  hyperemia  may  also  be  caused  by  thrombosis  of  the  dural 
sinuses.  In  aciiti-  passive  ctmgestion  the  veins  of  the  dura  are 
widely  dist€*nded  ;  the  subaraclinoid  space  is  moist;  the  brain 
seems  to  be  slightly  larger,  softer  and  moister  than  normal.  The 
gray  matter  is  of  a  slaty  color.  The  white  matter  may  have  a 
faint  bluish  tinge,  ami  its  capillaries  and  ventricles  lileed  freely 
upon  cross-section.  The  ventricles  may  not  be  larger,  but  appear 
to  contiiin  fluid  under  pressure,  that  wells  forth  when  they  are 
opened. 

Bdema  of  the  brain  nearly  always  tx^curs  when  passive  hyper- 
emia persists.  This  is  chanicterized  by  the  distention  of  the  sub- 
arachnoid space  with  liquid,  so  that  the  convolutions  art*  no  longer 
distinct,  and  the  surface  of  the  brain  has  a  clear  or  pearly  appear- 
ance. The  arachnoid  is  usually  thicker,  particularly  along  the 
sulci.  The  fluid  is  clear,  or  perhaps  very  slightly  turbid  ;  it  lias  a 
higher  spt^ufic  gravity  than  the  cerebrospinal  liquid,  coagulates 
upon  boiling,  and  is  usually  found  to  contain  numerous  cellular 
elements        A    microscopic 
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membranes  shows  marked  distention  of  the  subarachnoid  space, 
which  is  usually  divided  into  irregular  spaces  by  delicate  fibrous 
bands.  The  endothelial  cells  appear  to  have  undergone  some  pro* 
liferation,  and  in  many  places  have  desquamated  and  lie  free  in  the 
areolar  spaces.  Around  the  blood-vessels  there  is  occasionally 
slight  extravasation  of  round  cells,  which  are  usually  mononuclear 
ana  resemble  lymphocytes,  and  indicate  an  inflammatonr  reaction 
to  the  long-continued  pressure.  The  arachnoid  is  usually  thicker, 
the  thickening  being  almost  exclusively  fibrous  in  nature.  The 
pia  is  slightly  thicker,  and  sometimes  may  be  seen  to  have  coalesced 
with  the  superficial  layer  of  the  cortex.  In  the  brain-substance 
the  perivascular  spaces  are  distended,  the  neurogliar  mesh  work  is 
coarser  than  normal,  and  there  may  be  slight  evidences  of  degen- 
eration in  the  cells. 

Local  edema  of  the  brain,  the  so-called  apopleana  serom,  is 
occasionally  found  in  the  neighborhood  of  areas  of  softening.  In 
cases  of  acute  hydrocephalus  this  serous  infiltration  sometimes 
occurs  in  the  neighboring  internal  capsules,  and  may  even  lead 
to  transient  hemiplegia. 

Cerebral  hemorrhagfe  occurs  in  two  varieties :  the  so-called 
punctate  form,  and  massive  hemorrhage. 

Punctate  hemorrhages  are  due  to  some  alteration  of  the  vessel- 
walls  or  of  the  degree  of  blood-pressure,  causing  extravasation 
of  blood  into  the  surrounding  tissues.  The  hemorrhages  are 
small,  often  microscopic,  and  are  by  far  most  common  in  the  gray 
matter,  especially  in  the  cortex.  The  principal  causes  are  hy- 
peremia, particularly  if  associated  with  inflammatory  conditions 
of  the  brain,  or  convulsions.  The  wall  of  the  blood-vessel  may 
be  diseased,  but  does  not  always  show  solution  of  continuity.  The 
blood-pigment  is  more  or  less  altered,  according  to  the  length  of 
time  that  has  elapsed  between  the  occurrence  of  the  hemorrhages 
and  the  examination  of  the  tissues.  The  nervous  tissue  immedi- 
ately involved  is  edematous,  and  there  is  usually  some  prolifera- 
tion of  the  neuroglia-cells  in  the  vicinity.  Such  hemorrhages,  of 
course,  may  heal  without  leaving  any  trace,  for  the  secondary  de- 
generations that  may  possibly  be  caused  are  too  slight  to  be 
detected. 

Massive  hemorrhages  usually  occur  from  the  branches  of  the 
middle  cerebral  artery — that  is,  from  the  vessels  most  frequently 
the  seat  of  miliary  aneurysms.  They  may  also,  however,  occur 
in  the  centrum  ovale  or  the  pons,  or,  in  fact,  in  almost  any  portion 
of  the  central  nervous  system.  The  blood  usually  collects  in  the 
form  of  an  irregular  dark-red  mass  that,  in  recent  cases,  rapidly 
becomes  bright  red  upon  exposure  to  the  air.  The  size  of  the 
hemorrhagic  area  naturallv  varies  with  its  location  and  the  amount 
of  bloml  extravasated.  Its  outline  is  exceedingly  irregular,  and 
almost  always  small  separate  hemorrhagic  foci  are  found  in  the 
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giirrouniling  tissue,  Aceortlin^  to  the  density  of  the  tisgtie,  the 
blood  is  more  or  Iei*8  dispersed.  Thus,  in  the  white  matter  the 
extravaaatioii  i^  anually  more  diffuse  than  in  the  gray,  where  hein- 
atomata  are  exceedingly  apt  to  fonn.  The  substance  of  the  bmin 
18  soon  softened.  Its  ^structure  is  usually  entirely  lost^  although 
it  may  lie  p*>ssible  in  recent  case^i  to  recognize  the  prejsence  of 
altered  celb  and  ner%'e*fibers.  The  neurt»glia  usually  unbares  in 
this  softening ;  but  if  the  hemorrhage  is  not  extensive,  it  may 
remain  and  form  a  ^rt  of  skeleton  ;  the  tissue  then  is  not 
nearly  so  soft^  and  the  surface  upon  section  usually  is  smooth. 
If  the  hemorrhage  occurs  in  the  internal  capsule,  as  is  usually 
the  case,  and  is  at  all  extensive,  the  blood  may  creep  inward 
toward  the  ventricle,  into  which  it  may  rupture,  tilling  the 
lateral  vc-ntricle,  and  sometimes  extending  into  the  thin!  ventricle 
and  into  the  lateral  ventricle  on  the  other  side  (Fig.  352).    Oc- 


Flfl,  SSiS.— Hemorrhsfce  Into  the  tntcrnul  cApmile  and  the  cmudnte  and  lenClcalAr  QUcletU 
uf  the  riKht  GCreljii*!  heicdspbens  (fruiii  Boltuiger), 

casionally,  in  exceedingly  severe  cases,  almost  the  whole  of  one 
of  tlie  Ijemispheres  may  be  destroyed  ;  this  is  usually  associated 
witli  sudden  death,  and  is  known  as  the  foudroyant  form  of  a|>o- 
plexy.  The  softened  brain-substance  can  usually  be  readily  waslied 
away  by  a  current  of  water,  leaving  the  Itloixl-vesselSy  which 
should  then  be  examined  with  a  low  power  for  the  presence  of 
miliary  ancnrvsms.  If  the  patient  survives  his  first  attack,  rapid 
alterations  be^in  to  take  \\\\xvv  In  tlie  diseased  tissue.  The  throm- 
bus eootraets,  eausin^j  e^lema  in  the  surrounding  tissues.  A  cap- 
sule of  dolieate  fibrous  tissue  may  even  be  formed  aVjout  it.  The 
small  hemorrhap'os  in  the  suriTmnding  tissue  are  absorbed.     The 
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eolor  of  the  softened  region  becomes  dark  brown,  and  it  may 
either  ^o  on  to  complete  liquefaction,  with  the  gnbseqnent  absorp- 
tion of  tlip  jii^rnent  and  the  i'ormnticin  of  a  eyst,  or  else  be  gradu- 
ally entinlv  absorl^efl,  leas'ini;  a  ]^itrinente<l  sear.  The  walls  of 
the  ey,st8  are  usual ly  diseolfired  by  pigment,  and  in  the  ncighlwr- 
hood  pigment-granules  and  compjiuid  gmnular  cells  are  tbund  in 
great  nundjcr?^.  Tliese  old  heinorrhagic  cysts  are  ver^^  diflfieult  to 
distinguish  from  those  pruduccd  by  otlier  forms  of  softening. 
Often  t lie  contents  are  slightly  diseolorctl,  the  walls  anj  dense  and 
somewhat  sclerotic  in  nature,  and  may  contain  crystals  of  hema- 
toidin.  It  is  somewhat  drmbtfyl  whether  the  walls  are  composed 
of  neurogliar  tissue  or  of  true  fibrous  eoun^xitive  tissue  derived 
from  the  blood-vessels*  It  is  certain,  however,  that  shortly  after 
extravasation  i*f  the  blocRl,  hyperplasia  of  the  neuroglia  in  jhe 
immediate  vicinity  takes  place.  This  may  occur  very  rapidly,  so 
that  in  the  eonrse  of  a  few  days  new  nenroglia-fibers  may  be  seen 
pushing  their  way  into  the  hemorrhagie  area  from  the  eolleeti*m 
of  neuroglia-eells  in  the  nearest  healthy  tissue.  AiltT  healing  has 
tJiken  place  the  hemisphere  is  nsually  reduced  in  size.  This  re- 
duction is  not  merely  equivalent  to  the  amount  of  nerve-tissue 
that  has  been  destroyed^  but  represents  also  the  seeonfhvry  degen- 
emtiou  that  occurs  in  the  nerve-tibers  whose  course  has  been  in- 
terrupted by  the  lesion.  This  is  both  ascending  and  descending, 
and  frequently  causes  sclerosis  that  involves  not  only  the  bniin, 
but  extends  throughout  the  pyramidal  columns. 

Patholo^c  Physiology .^ — ^The  tlislurhnnc^s  in  the  Junetioihs  of  the 
central  nervous  system  produced  by  hemorrhage  are  among  the 
most  interesting  in  the  domain  of  nervous  physiology.  At  the 
time  of  tlie  rupture  of  the  vessel  the  patient  almost  invariably 
becomes  suddenly  unconscious  and  falls,  the  face  is  flush  ml,  and 
there  may  be  convulsive  movements.  This  is  termed  (tjmpkxif. 
The  |>eriod  iff  uueonsciousuess  may  persist  for  a  longer  or  shorter 
interval,  acconling  to  the  amount  wi  hemorrhage  ihat  has  taken 
place.  If  the  patient  recovers,  the  subsequent  changes  depend 
upon  the  situation  of  the  hemorrhage  and  the  extent  (»f  the  de- 
struction of  nervous  tissue  that  has  taken  phice.  As  will  readily 
be  seen  from  the  ilcscriptiou  of  the  pyramidal  tract,  lesion  in  any 
pa  r  t  o  fits  co  i  \  rs  e  a  1  k  >  ve  t  ti  e  ti  r  s  t  ee  r  v  i  e^  1 1  s  eg  m  e  u  t  ]  >  rod  1 1  e  x^s  [ « i  ra  !y  s  is 
of  the  tq>]wsite  side  of  the  body  ;  if  above  the  middle  of  the  pons, 
paralysis  of  the  Inwer  pm'tion  of  the  face  on  the  opposite  side  is 
also  produced  ;  if  below  this  point,  paralysis  of  the  same  side. 
Monoplegias  are  likely  to  occur  if  only  a  small  portion  of  the 
fun-like  projcetiou-tibers  of  the  pyramidal  tract  is  involved,  such 
as  would  be  produced  by  a  lesion  in  the  cortex  or  in  the  centrum 
ovale.  In  all  these  eases  only  the  superior  motor  uenron  is 
atfected,  and  in  consequence,  eitlicr  because  some  inhibitory  in- 
fluence   is    removed    or   because    the    lower    motor    neurons   ^ict^ 
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irritated  by  the  pnxlucts  of  degeneration,  a  condition  of  spasticity 
arises  in  the  muM^-les,  Subi^erjuently,  their  nutrition  i>;  impaired 
and  they  contract.  An  interesting  series  of  disturbances  is?  pn>- 
dnced  by  lesions  occurring  in  those  portions  of  the  cortex  that 
have  to  do  with  manifestations  of  speech,  either  receptive  or 
motor.  If  the  former  are  involved,  we  speak  of  it  as  amnesia  ; 
if  the  latter,  as  aphasia.  Ix^sions  of  the  optic  tnict  posterior  to 
tlie  chiasm  cause  homiatjopsia. 

Secondary  Degeneratfon  after  Hemoirliagefi. — As  a  result  of  hem- 
orrha^  into  the  brain-substance  w  ith  destruction  of  tissue,  second- 
ary de|2:enerations  aj»p<?ar^  wliieh,  of  course,  are  systemic  and  fol- 
low the  direction  in  which  the  nerve-libers  convey  impulses*  Of 
these  the  most  important  are  the  degenerations  of  the  pvraniidal 
tntet,  of  tlic  optic  tract,  and  of  the  projection -fillers  from  the 
temjwirosphenoid  lobes.  A  discussion  ot  this  subject  involves 
consideration  of  the  anatomy  of  the  l)niin  more  than  of  the  pathol- 
ogy, and  only  the  most  ira|>ortant  details  can  be  given  here.  De- 
generation ot  the  pif ram idai  tract  may  be  sharply  ciit?umscribed  if 
the  focal  lesion  is  situated  in  the  cortex  or  the  centrum  ovale.  In 
this  case  a  slen<ler  band  of  degenerated  fibers  may  be  trace*!  along 
the  pyramidal  tract.  This  is  only  jM>ssible,  however,  if  the  lesion 
is  sufficiently  recent  to  jx^rmit  the  employment  of  Man^hi's  stain- 
ing-metho<l,  for  otherwise  it  is  imiM^ssible  to  reiH3gnize  a  small 
numl>er  of  degenemtetJ  fibers  in  the  midst  of  a  group  of  healthy 
ones.  As  the  heniorrliage  usually  takes  jjlace  from  the  lenticulo- 
caudate  artery  and  involves  the  i;omplete  destruction  of  the  pyram- 
idal filM^rs  in  the  internal  capsule,  it  not  uufrequently  happens 
that  the  entire  pyramidal  column  of  one  side  undergoes  secondary 
degencmtion.  Hi-»che,  who  has  recently  studied  two  cases  of 
cerebral  liemorrhagi',  involving  complete  destruction  of  the  motor 
fibers  on  one  side,  by  Mart.*hi's  metliod,  has  found  a  rather  pe- 
culiar distriliution  of  the  motor  fibers  in  the  crusta.  Dividing 
this  region  into  iive  ptrts,  he  finds  that  the  two  median  sections 
are  free  from  degenerated  fibers.  Tlie  middle  section  is  almost 
complet<*ly  degenerat€*d,  and  there  is  ako  an  area  of  degeneration 
in  the  median  part  of  the  fourth  sec^tion,  extending  partly  into  the 
fifth,  Begenenited  fibers  t^an  also  be  traced  going  to  the  nucleus 
facialis  of  the  opposite  and  the  same  sides,  and  to  the  nucleus 
hypoglossus  of  both  sides.  There  wxtc  alnv  degenerated  fibers  in 
the  lateral  pyramids  of  the  same  side.  Interruption  of  the  fibers 
of  the  optic  radiation^  or  destruction  of  the  primary  optic  centersj 
causes  secondary  degeneration  which  does  not,  however,  appear  as 
promptly  as  in  the  nn»tor  fibem.  There  is  degeneration  in  the 
external  gt'niculate  body,  in  the  pulvinar,  and  in  the  anterior 
corpus  quadrigeminus  of  the  same  side,  IThimately,  degenera- 
tion may  also  occur  in  the  optic  nerves.  Dt'slnietion  of  the 
second  and  third  temporal  lobes,  or  of  the  projection-fibers  aris- 


DISEASES  OF  THE  BRAIN  AND  ITS  MEMBRANES.      835 

ing  from  them,  rau^es  s^i^ondary  degeneration  in  the  posterior 
limb  of  the  inttTiial  wipsule,  Thc!  fibers  appear  to  extend  into 
the  thalamns,  uikI  also  into  the  criista.  Destnietioii  of  other  [mrts 
of  the  brain-eortex  eauses  dej^t^nemtion,  Avhieh  Beeras  to  artect 
chiefly  the  projo<:t ion-fibers.  Extensive  hemorrhages  into  tlie 
cerebeUum  nsnally  cau.se  death,  as  a  result  of  preasnre  ujxm  the 
medulla.  If,  however,  the  patient  survives,  and  if  the  nueleug 
deotatns  is  partieularly  involve^l^  there  is  degenenitiou  of  the 
eu pe r i or  ee r ebe  1 1  ar  ped y  n e  1  e ,  w h i e  1 1  m ay  be  t ra eed  a s  fa r  a s  t h e  red 
nucleus  in  the  tegmentum.  Degenerations  have  been  produced 
experimentally  in  the  other  peduncles.  All  these  secondary  de- 
generations are  (juite  typical  in  c*!iaraeten  They  appear  about  the 
ninth  day,  the  first  changt's  being  the  dt^gcnenitirm  of  the  myehn- 
sheath,  Ttiis  is  follo%ve<l  by  thf  appeaninet^  of  compound  gran- 
ular cells  and  hyperplasia  of  the  neuroglia,  and  later  corpora 
amyhieea  may  souietimes  be  tbumb  Ultimately  notliitig  but  tlie 
neuniglia  n^mains,  and  this  is  composed  of  coarser  tillers  than  are 
found  in  normal  uervous  tissue.  Oceasionallynerv^e-tibers  without 
myelin-sheaths  arc  found  tm versing  tlie  sclerotic  tissue. 

'  Thrombosis  and  embolistn  oi*  tht*  vessels  of  the  brain  are 
dm*  to  eaus*'s  that  priMluce  the  saru('  |irrK;esses  in  other  parts  nf  the 
bmly.  Tlirombosis  may  (K'cur  anywhere.  It  is  perliaps  more  fre- 
quent in  the  basilar  artery  than  in  otiier  situations,  I  Hit  this  rule 
is  by  no  means  certainly  established.  The  causes  are,  of  course, 
chielly  atheroma  i*f  the  vessels  or  sypbilitit*  endarteritis.  Embo- 
lism, on  the  other  hand,  usually  occurs  in  the  artery  of  the  Sylvian 
Assure.  Perhaps  HO  ]>er  cent,  of  all  cases  occur  in  ttiis  situation. 
Less  frequentl}',  an  emi)olus  will  lodge  in  the  antcricjr  cerebral, 
but  it  is  pnjbably  extremely  rare  for  an  embolus  to  travel  along 
the  posterior  eommunieating  artery  and  lodge  in  the  posterior  cere* 
braL  A  more  freejuent  route  of  embolism  into  the  latter  artery  is 
along  the  vertel>rals  to  the  basilar.  Emljolism  in  tlie  basilar  artery 
imn,  of  course,  never  occur,  as  its  hnnen  is  grt^ater  than  that  of 
either  of  the  Iminches  from  which  it  receives  bhjwL  A  saddle-embo- 
lus  may  otx-asioually  lodge  at  its  bifurcatiiui  and  give  rise  to  local 
thromljosis.  Sometimes  the  two  i>rocesses  occur  simultaneously — 
that  is,  fragments  of  a  parietal  thrimibus  in  one  of  the  vessels  may 
be  washed  off  into  the  blood-stream  anil  be  carrie<l  along  the 
artery  until  they  occlude  it^  lumen  or  that  of  one  of  its  branrhes. 
The  results  of  embolism  or  thn^mljosis  may  be  eithi'r  infarction,  or, 
if  the  obstruction  takes  place  slowly,  as  in  thrt:)mbosis,  and  it  is 
possible  for  a  ctd lateral  circulation  to  be  established,  there  may  be 
no  changes,  or  such  only  as  are  tcm|>orary. 

Infarction  of  the  brain  usually  leads  very  rapidly  to  cerebral 
softening  (tm4'rphf!kim(daem}.  It  has  hem  usual  to  describe  three 
forms  of  this — red,  yellow,  and  white  softening. 

The  functional  disturbances  are  very  similar  to  those  of  hemor* 
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rhage.  As^  however,  the  lesion?^  frequently  fxrur  very  slowly, 
the  sadden  shock  may  not  ixxnir,  and  the  panily?*is  may  supervene 
witlioiit  any  iKTJml  of  ano«:msciausness, 

Eed  soffceningr  eorres^pmids  very  ehisely  to  the  hemorrhagic 
infarct.  It  consists  of  a  «eroiis  ii» filtration  of  the  tij^^ne,  the  ex- 
tra vacated  liquid  eontiiining  nnraerouft  red  e(»rpii8cles.  The  same 
theories  that  liavr  Ix^eii  siig^est<*d  ff>r  the  explanation  of  a  heraor- 
rhatjjie  infarct  have  been  nsi'd  to  f*xj)l!iin  its  (K'ciirrence. 

Yellow  softening  is  really  oniy  the  red  soft^L^nin^  after  more 
complete  liquetaetion  has  taken  pla(;e  and  most  of  the  plp^ment 
has  been  absorbed. 

White  aQftening  is  a  term  applied  to  two  very  different 
conditions.  The  first  corresp^^nds  to  the  anemic  infarct,  and 
uppears  wry  shortly  after  the  <k 'elusions  of  the  vessels.  The 
second  is  a  late  stai^e  of  any  form  of  sfTftening^  and  is  eharat^ter* 
issed  by  the  formation  of  an  excessive  amount  of  iat  in  the  softened 
area,  pmducin^  an  emulsion.  The  white  color  becomf:'S  even  more 
pronounced  at\er  the  fat  has  been  absorbed,  and  the  lesion  Is  rep- 
resentcil  cmly  by  coarse  nenrog^lia-fibers.  Macn»scopically  the 
earliest  clianj»;cs  usually  api>^'ar  toward  thi^  end  of  the  first  twenty* 
four  hours.  The  bniiu-suiistance  in  the  softened  area  is  hwoUcu, 
softer,  and  sornevvliat  n»ottled  in  ajijiea ranee  and  may  even  exhibit 
nraall  p u net i form  hemoniia^^es.  'J'he  lesion  is  ne*t  sharply  delim- 
ited, but  fades  gradually  into  the  surronndiuj^  tissues. 

If  a  lar^e  artery  has  been  obstrneteil,  a  4"iuisi<Icrable  portion  of 
the  bmin  may  be  ,sotUuied  and  there  will  l)e  a  larg(>  extra\;tsjition 
«*f  blcKxh  In  this  case,  the  parts  of  the  braiii  showing  the  great- 
est alteration  are  those  nean'st  the  pe-riphery  of  tlie  tlistribution 
of  the  obstrncted  vessel,  and  these  ehanges  may  even  cM?eur  with- 
out complete  obstruction  if  the  geneml  circulation  is  imjiairefl,  a« 
in  valvidar  heart-disease,  or  as  a  result  of  profound  gcneml 
anemia.  As  tiie  process  continues,  more  and  more  bltKxi  is  ex- 
tra vasated  into  the  tissue,  giving  it  a  b  right-ret  I  ap[)eaninee.  The 
lcsi*>n  by  this  time  becomes  mon:^  cirenmscnbed,  althongh  the  sur- 
round iug  tissue  may  be  somewhat  softened,  and,  as  in  the  case  of 
hemoirlmge,  iiuiy  contain  pimetifonn  hemorrhiiges.  As  soon  asi 
the  dcmareation  is  complete,  the  brain-tissue  becomes  rapidly 
softer,  proliably  as  a  result  of  the  obstruct  it  ui  of  the  lymph-<'han- 
nels  by  whicli  the  nutritive  Huitis  enter.  The  nerve-<'ells  undei^o 
almost  eonjph'tc  degeneration  ;  they  lose  their  axis-irylinders  and 
their  tinetability,  and  nuiy  either  disappear  completely  or  be  no 
longer  recognizable.  TIjc  myelin-sheatlis  undergo  a  fatty  degen- 
eration, in  \vhi(*h  the*  nti'vc-libers  soon  take  part.  The  whole 
tissue  is  tilled  with  compound  gramilur  cells.  The  neuroglia- 
fibers  may  also  become  softenetl  ami,  to  a  large  extent*  liuucHctl, 
although  they  pei-sist  longer  than  the  other  elements*  The  wall 
of  what  has  now  become  a  cyst  is  composed  of  the  surrounding 
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neurogliar  tissue,  newly  formetl  capillaries,  and  nervous  tissue  in 
an  advanc^ed  stage  of  dogenemticm.  The  blixxl- vessels,  lit^wever, 
usually  persist  for  some  time,  although  they  are  filled  with  thrombi 
and  form  an  irrej^idar  spongy  network  in  the  lesion. 

When  organization  eonimenees  the  liUxKl-pigmeiit  gradually 
disapjiean*,  and  the  material  elianges  iViun  a  brownish,  turbid  fluid 
to  a  lighter  yellow^  mass,  ofen  irregularly  surrfMuided  by  det^ply 
pigmented  eells.  Later,  eoniplete  e<iiitnietion  tak*\s  plaee,  and  a 
sear,  c^jnijiused  f*liiefly  of  neuroglia-tis^ue,  but  also  containing  some 
fibrous  e<aineetive  tissue  tliat  has  developinl  from  the  walls  of  the 
blotKl-vesscls,  is  left.  It  is,  of  conrse,  eh  ar,  that  rt^l  softening  is 
more  frequent  in  the  va^Sf^ulur  parts  of  the  brain,  and  white  soften- 
ing in  thos*'  regions  that  are  ptMvrly  supplied  with  IjIimmI,  particu- 
larly iu  the  white  substance  of  the  cerebrum.  The  areas  are  mrely 
as  well  eireumscrilxMl  as  those  of  red  softening,  and  tdUii  d(»  not 
lead  to  complete  ilestrtictitm  of  the  tissue,  causing  only  immerons 
adjacent  minut«^  frwal  lesirais,  the  so-<^alled  ft(d  rrih/r, 

A  peculiar  tiirni  of  softening  w'curs  in  the  cortex  of  the  brain. 
It  IS  usually  found  as  lesions  that  liave  existed  for  some  time. 
The  area  is  yellow,  depressed,  and  somewhat  eireunisi^ribed.  The 
pia  mater  over  and  ananid  the  lesion  is  somewhat  thickened,  and 
often  the  surmuutling  I dtjod- vessels  show  thickening  t)f  the  walls, 
although  this  latter  change  is  pnjbal>ly  the  cause  and  not  the  result 
of  the  changes.  These  are  the  so-i-allcd  ptftqitcsjfmnfJi  of  French 
writers,  and  if  extensive  they  lead  to  consideralde  retraction  of 
the  brain-substance  and  to  the  formation  of  collections  of  liquid 
in  the  subamchnoid  space  {k^dropt^  tx  vacuo;  external  ht/dro^ 
cephafffH), 

Areas  of  softening,  prolmbly  due  to  capillary  thrombosis,  are 
frcfpiently  found  in  children  suiFering  from  tubeiTudar  meningitis. 
They  may  also  occur  in  other  forms  of  meningitis,  ami  also  in 
emx'phalitis^  although  in  these  latter  conditions  the  presenee  of 
pyogenic  mien  Morgan  isms  in  the  emboli  lead  t^i  somewhat  differ- 
ent changes,  wbicli  will  be  deserihed  in  connection  with  enceph- 
alitis. Traumatism  may  als4>  cause  softening,  often  multiple  in 
character,  and  not  necessarily  situatetl  ilireetly  Ixnieath  the  point  of 
injury.  As  a  result  of  the  destruction  of  tissue,  secondary  degen- 
erations occur  that  differ  in  no  respect  from  those  following  hem- 
orrhage. 

INFLAMMATrON. 

BncephaliHs,  or  inflammatioQ  of  the  brain-substance, 

is  prolmbly  not  essentially  different  from  inflammatfon  of  the  other 
tissues  in  the  bcxly.  The  nature  of  nervous  tissue,  however,  and 
the  |>eculiar  reaction  that  it  numifests  to  various  injurious  agent'ics, 
render  this  subject  one  of  tiie  most  doubtful  and  difficult  in  the 
pathology  of  the  central  nervous  system.     The  various  forms  may 
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J 1  rty  n  i  i '  E  n  €  e]  >  1 1  ii  1 1 1  i  8 .  8onie 
years  ago^  various  oiisorvpr.s  n-jHirtfil  the  oedirrtnce  of  acute 
enoeplialitij*  in  nrw-hnni  children,  but  it  hns  since  licrn  shoAvn 
that  compound  cjranular  cells  occur  normally  in  the  bmin  of  the 
fetus  and  persist  for  some  days  after  birth. 

Pathologic  Anatomy. — The  two  mo^t  important  ehan^en  are 
tbo.sc  in  the  color  and  consistency.  The  iornur  is  u.sually  slightly 
darker  than  normal,  but  may,  if,  as  is  not  un frequently  the  case, 
extensive  Ixemorrbai^c  !ias  occurred,  become*  a  bright  red,  resem- 
bling, u}ion  insix'ction,  an  area  of  heniorrliajL^e,  or  iwrhaps  more 
eloseiy,  an  area  of  re<l  softening.  The  consistency  is  ahvavs 
decreased^  pn^bably  as  a  result  of  serous  infiltnition.  Often  the 
diseased  area  |>rojectH  slightly  from  the  surfa(*e  of  the  section, 
Mieroscopically  the  characteristic  cliauge  is  the  perivascular 
rouHd-eell  infiltnition.  This  usually  involves  the  majority  of 
vessel's  in  the  lesion,  juid  may  also  l»e  found  in  regions  of  the 
brain  in  which  softening  has  not  already  commenced.  Usually 
there  is  the  characteristic  inflanimator\^  congestion,  the  I)lood-ves- 
eels,  and  particularly  the  small  capillaries,  being  sometimes  greatly 
distenJecI  ami  [jacked  with  red  blot nl -eel Is.  In  some  casen 
tlirombi  have  formcil.  iiemorriiugcs  are  exceetlingly  ireijuent ; 
these  are  sometimes  punetiforni  and  sometimes  diifuse  extrav- 
asations into  the  tissue.  Often  they  appear  to  reprt^sent  rupt- 
ured capillaries,  and  produce  a  peculiar  sptH>klcd  appearance  on 
the  surface  of  section.  In  the  early  stages  the  cellular  exudate 
IS  chiefly  composed  of  jxdy nuclear  leukiK'ytes.  If  the  process  i.*^ 
more  advanced,  these  may  exliil>it  more  or  less  degenerative 
changes.  Later  they  arc  replaced  l>y  mononuclear  cells,  probably 
representing  proliterati^m  of  the  endothelial  cells^  and  jwrhap^  of 
the  neuroglia-tx'lls.  The  ganglion-eel  Is  in  tlie  inflauimatory  re- 
gion undergo  rapid  degeneration,  usually  passing  through  vari<ms 
stages  of  I'hromatolysis,  until  they  are  reduced  to  little  colorless 
vesicles  4)f  irregular  form.  Tlie  nerve-fibei*s  also  ilegencnite  ;  the 
myelin  forms  tatty  droplets ;  the  axis-cylinders  at  Hrst  swell  and 
then  share  in  the  granular  disintcgnition.  In  the  midst  of  the 
fm'us,  the  neuroglia  oniinarily  shares  in  the  aoflening.  At  the 
periphery  there  is  usually  a  noticeable  prol iteration  of  the  neu- 
roglia-eells  and  the  formation  of  a  ccxirse,  thick  network  of  neu- 
roglia-hbers.  Of  course,  these  changes  are  ntJt  found  about  very 
early  lesions.  In  the  earliest  stages  compound  granulenijells  are 
usually  absent ;  later  they  may  appear  in  considera!>le  numbers, 
but  their  presence  is  by  no  means  sumeieot  to  indiente  tlie  existence 
of  an  acute  or  chronic  inflainnuUor)'  priK'css.  l)is;u>peamnce  of 
tlie  tangential  tibcrs  in  the  cortex,  in  fesioiis  situatetl  in  this  area, 
have  also  been  described.  Ordinarily  in  these  forms  of  encepha- 
litis, the  rest  of  the  brain  exhibits  no  macroscopic  changes,  and 
often  none  can  be  detected  by  the  microscope.     The  membranes 
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be  elaj^sified,  first,  a8  acute  and  ehronie.  The  important 
a<'iite  eoei'plialitis  are  the  pan:*iifhyniato»i.'^,  tlie  simple,  the  hemor- 
rhaj;rif%  and  the  siip|)urative,  Chnmic  encephalitis  may  take  the 
form  either  of  selrrosis  or  of  sear- for  mat  ion,  which  is  really  only 
a  mo<lifieation  of  the  former*  Acute  encephalitis  may  be  consid- 
ered to  l>e  invariably  disseminated  or  fi>eaL  No  ease  has  been  re- 
conied  in  which  there  was  extensive  inflammatory  change  in  the 
brain,  and  it  is  inconceivable  that  such  a  condition  should  be  t*om- 
patible  witli  life. 

Acute  parenclirmatous  enceplialitifl  is  nitla^r  a  form  of  defen- 
eration than  a  diseases  (Ininijcs  in  the  nerve-cells  without  associ- 
ated vasi'ular  phenomena  have,  in  the  last  few  years,  been  ol>ser\^ed 
and  describcil  in  a  nnmber  of  intcixieations,  either  the  resnlt  of 
poisHuin)^  or  infection  ;  thus  Berkeley  lias  carefully  studitHl  the 
elian;res  in  the  bniiu  in  ale(»lioltc  ]ioisouin^.  More  or  less  exten- 
sive chanires  ha\'c  also  been  reeonltMl  as  a  result  of  poisoning  by 
malon  nitrite,  arsenic,  and  other  [Miisonous  substances.  Of  the 
infectious  diseitses  that  have  been  studied,  the  most  important  nre 
diphtheria,  tetamis,  leprosy,  ami  hydrophobia.  The  changes  differ 
somewhat  in  nature,  and,  of  course,  in  die  different  cases,  consid- 
embly  in  degree.  The  most  inipfu'tant  and  typical  havi-  l>een 
already  descriljcfl  in  the  section  npm  degeneration  of  the  nerve- 
cells.  These  forms  of  encephalitis,  if  the  name  may  properly  be 
applied  to  them,  may  lead  to  deiitli,  but  reeoven^  even  from  the 
advant^ed  stages  is  not  impossible,  as  has  been  indisputably  proved 
by  the  experimental  research  of  Goldscheider  and  Flatau.  Jv either 
tfie  brain  n(U'  the  cord  in  these  cases  exhibits  any  maeroscopie 
chang<\s,  excepting,  pcrfiaps,  passive  congestion  of  the  membranes 
when  dciith  was  preceded  by  violent  convulsions,  as  in  tetanus. 

Simple  acute  focal  enceplialitis  is  cJiartietcrizciI  by  the  develop- 
njcnt,  in  various  |>iirts  of  tlie  brain,  of  areas  of  softening  that  may 
range  from  a  millimeter  to  several  centimeters  in  diameter.  Tliey 
are  usually  irreguhir  in  size,  and  very  indistinctly  S4*pan*teil  from 
the  surrounding  tissue*  The  most  eeuiunon  situaliems  are  the  region 
of  tlie  third  and  fourth  ventricles  and  the  aipicduct  of  Sylvius. 
Tlie  gmy  matter  is  more  oft€*n  involved  than  the  white. 

Btiologry, — The  cause  is  [irobably  in  all  cases  the  presence  of 
infection  in  tiieliody,  such  as  influenza,  typhoid  fever,  or  sept rcenua. 
\ntlu>rs,  whose  opinions  we  must  respect^  have,  liowever,  described 
encephalitis  as  tlie  result  of  simple  concussion  of  the  lirain,  or  *jf 
va rio n s  form s  of  po i so u i ng,  s uch  as  1  ead .  Tlit!  d  i f^ c u  1 1 y  i n  t h e  1  a tt e r 
group  of  cases  is  due  to  the  close  resemblance  between  encephalo- 
malacia  and  encephalitis.  Collections  of  round  cells,  with  slight 
degenerative  changes  in  the  nervous  system,  have  been  descrilx*d 
in  chorea,  and  have  been  supposed  ti>  rt^present  the  subacute  or 
chronic  fbrm  of  encephalitis.  The  observations  art%  liowever,  at 
present  insufficient  to  establish  this  point.     References  will  be 
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made  again  to  it  under  the  heading  of  Cnnmic  Encephalitis.  Some 
years  ago,  various  observers  reported  the  occurrence  of  acute 
encephalitis  in  new-bom  children,  but  it  has  since  been  shown 
that  compound  granular  cells  occur  normally  in  the  brain  of  the 
fetus  and  persist  for  some  days  after  birth. 

Pathologic  Anatomy. — Tne  two  most  important  changes  are 
those  in  the  color  and  consistency.  The  former  is  usually  slightly 
darker  than  normal,  but  may,  if,  as  is  not  unfreouently  the  case, 
extensive  hemorrhage  has  occurred,  become  a  bright  red,  resem- 
bling, upon  inspection,  an  area  of  hemorrhage,  or  perhaps  more 
closely,  an  area  of  red  softening.  The  consistency  is  always 
d(»creased,  probably  as  a  result  of  serous  infiltration.  Often  the 
diseased  area  projects  slightly  from  the  surface  of  the  section. 
Microscopically  the  characteristic  change  is  the  perivascular 
round-cell  infiltration.  This  usually  involves  the  majority  of 
vessels  in  the  lesion,  and  may  also  be  found  in  regions  of  the 
brain  in  which  softening  has  not  already  commenced.  Usually 
there  is  the  characteristic  inflammatory  congestion,  the  blood-ves- 
sels, and  particularly  the  small  capillaries,  being  sometimes  greatly 
distended  and  packed  wth  red  blood-cells.  In  some  cases 
thrombi  have  formed.  Hemorrhages  are  exceedingly  frequent; 
these  are  sometimes  punctiform  and  sometimes  diffuse  extrav- 
asations into  the  tissue.  Often  they  appear  to  represent  rupt- 
ured capillaries,  and  produce  a  peculiar  speckled  appearance  on 
the  surface  of  section.  In  the  early  stages  the  cellular  exudate 
is  chiefly  composed  of  polynuclear  leukocytes.  If  the  process  is 
more  advanced,  these  may  exhibit  more  or  less  degenerative 
changes.  Later  they  are  replaced  by  mononuclear  cells,  probably 
representing  proliferation  of  the  endothelial  cells,  and  perhaps  of 
the  neuroglia-cells.  The  ganglion-cells  in  the  inflammatory  re- 
gion undergo  rapid  degeneration,  usually  passing  through  various 
stages  of  chromatolysis,  until  they  are  reduced  to  little  colorless 
vesicles  of  irregular  form.  The  nerve-fibers  also  degenerate ;  the 
myelin  forms  fatty  droplets ;  the  axis-cylinders  at  first  swell  and 
then  share  in  the  granular  disintegration.  In  the  midst  of  the 
focus,  the  neuroglia  ordinarily  shares  in  the  softening.  At  the 
periphery  then;  is  usually  a  noticeable  proliferation  of  the  neu- 
roglia-cells and  the  formation  of  a  coarse,  thick  network  of  neu- 
roglia-fibers.  Of  course,  these  changes  are  not  foimd  about  very 
early  lesions.  In  the  earliest  stages  compound  granule-cells  are 
usually  absent ;  later  they  may  appear  in  considerable  numbers, 
but  their  presence  is  by  no  means  sufficient  to  indicate  the  existence 
of  an  a(uite  or  chronic  inflammatory  process.  Disappearance  of 
the  tangential  fibers  in  the  cortex,  in  lesions  situated  in  this  area, 
have  also  been  described.  Ordinarily  in  these  forms  of  encepha- 
litis, the  rest  of  the  brain  exhibits  no  macroscopic  changes,  and 
often  none  can  be  detected  by  the  microscope.     The  membranes 
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wtH  mof^Ab^  the  vesT^k  fjF  normal  ehsddty,  and  Dr.4  forrrmnkd 
by  a  rff^wl-^fAl  infiltration.  Complete  lesolatk^n  may  {K-rlB|!^ 
orrar;  of  f:fAirsey  thL;  can  onlv  be  soppoesed  fn:»m  the  cluii«.4d 
gvmpUmm  tjf  the  di^eane,  there  bein^  no  definite  experimental  or 
pathrJogic  evidence  to  support  it. 

The  fi^ir:al  legions  may  aniJer|so  softening  and  lead  oltimately  to 
scar-frHination ;  and  if  tbev  are  exten&i ve.  there  will  be  considera- 
ble atrvjphy  of  the  affecterf  part  of  the  brain.  The  great  majcHity 
of  caiie$<,  iKfwever,  in  all  probability  terminate  fatally.  The  natnre 
of  the  prrjcTfiSR  h  generally  accepted  to  be  primarily  vascular :  the 
necondary  changes  being  the  resalt  of  alteration  in  the  nutrition 
of  the  surrrion^iing  part. 

SawiuaUre  eneepluditis  has  already  been  in  part  described  in 
connection  with  pumlent  meningitis  In  that  condition,  the  pyo- 
genic erobr>li  appear  to  enter  the  brain-«ab«tance  along  the  Iym> 
phaticB  that  dip  mto  it  fir^m  the  pia.  They  are  usually  small,  not 
circumiicriUfrl,  and  more  apt  to  be  found  in  the  gray  matter  of  the 
cortex,  partic'ularlv  near  the  base  of  the  brain  and  in  the  struct- 
ures arljacent  to  tfie  ventricles,  than  in  the  white  substance.  Oc- 
casionally, larger  crJlections,  forming  rather  ill-defined  abscesses, 
are  fouml.  In  a  brain  that  I  recently  removed  at  autopsv,  the 
changes  in  the  pia-arachnoid  were  slight  and  were  limitecf  to  a 
small  area  over  the  motor  region  for  the  leg  on  the  left  side ;  but 
beneath  this  there  was  an  extensive  area  of  purulent  infiltration 
of  the  hrain-Hubstance,  not  sharplv  circumscribed. 

AbaceflB  of  the  brain  is  a  conilition  characterized  by  the  pres- 
encr*  in  the  brain-substance  of  one  or  more  cavities  containing  pus. 
The  usual  cause  is  suppurative  bone-disease,  particularly  tkit  re- 
sulting from  otitis  media.  The  condition  may,  however,  occur  in 
general  pyemia  as  a  result  of  metastasis  from  some  neighboring  or 
remote?  ftKMJs  oi'  suppuration.  Suppuration  may  also  cK'cnr  in  the 
c^>urs<'  of  pncfimionia,  or  in  chronic  suppurative  diseases  of  the 
lungs,  such  as  fetiil  bronchitis.  Direct  infection  of  the  brain, 
eithcrr  exiKTinumtally  or  as  a  result  of  wounds  jxiietrating  the 
skull,  has  aJM)  Iwen  observed.  In  many  of  these  «ises  the  nature 
of  the  tninhHilKsion  is  dear;  thus  the  abscess  n^siilting  fn>m  dis- 
«iw;  of  the  (!thmoidal  sinuses  or  from  direct  inc)culati<m  is  Uifually 
situated  in  the  immediate  neighborhood  of  th.e  original  focus. 
Ahw;esH  s<conilan'  to  ])iilmonar}'  disease  is  usually  found  at  the 
basfi  of  the  cerel)nil  hemispheres,  and  is  probably  transmitted 
along  the  rctn>phar}'ngeal  lymphatics.  Abscess  due  to  injury 
without  penetnition  of  the  skull  has  occasionally  been  recordecf. 
Sometimes  it  is  found  in  the  contused  area,  sometimes  on  the 
oppf)site  side  of  the  brain.  The  micro-organisms  that  have  been 
found  in  the  pus  an*  practically  all  the  i)yogenic  forms.  The 
most  frequent  are,  perhaps,  the  staphyloco<'cus,  the  streptococcus, 
and  the  pneuni<K*(K*eus.    Occasionally  the  actinoniyces,  the  Bacillus 
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f>yory  an  ens  and  the  Batsilhis  tulNTcnlosis   Iiave   been  fonnd,  the 
atter  in  eases  that  were  apparently  aeute  ai)6?eesses  of  the  brain^ 
and  not  softened  solilan^  tnbercles. 

8tatistie-4l  stndies  of  tl)e  literatnre  show  that  in  about  two- 
thinls  of  all  ea.seB  the  eerebrnin  is  the  seat  of  the  lesion.  In  the 
remaininfi:  third  it  is  ehiefly  the  eerebeHnm.  l^nnsnal  seats  are 
the  pons,  eruraj  and  mednlla*  Ttiis  distnl>iition  does  not,  of 
course,  apply  to  the  diRseniinatefl  forms  of  pnndent  encephalitis. 
Sc^litarv  ahsoes^ses  are  usually  the  restdt  of  enibolisni  or  exten.Hion 
from  the  tiones.  They  may  be  small  or  of  f-onsitleralde  size,  and 
one  is  on  reeord  from  whieh  4(M>  e.o.  of  pns  were  removed.  They 
may  be  either  surroumled  by  softened  bniin-substanee  or  dis- 
tinctly encapsulated.  The  latter  condition  usually  weurs  if  they 
have  lasted  any  length  of  time— that  is,  thrr^e  or  tour  weeks ; 
although  eases  are  on  recortl  in  whieh  a  distinct  wall  did  not 
develop  about  an  abscess  that  had  existed  for  sevend  months. 
The  wall,  when  it  exists,  varies  in  tliiekness  from  a  half  to  several 
millimeters.  The  contents  of  the  cavity  are  pus  and  detritus,  and 
in  it  may  frequently  be  found  thrombose*!  bhKK]''\'cssels,  The 
Burroundin^  brain-tissue  is  usually  nnder^^iin^  softening.  It  may 
be  either  white,  or,  as  a  result  of  hemorrhagic  extravasation,  red 
in  color.  The  abseessci  usually  spread  more  or  h»ss  gradually  ; 
that  is  Uy  say,  there  is  probably  no  tendency  to  heal  spontan<"OUsiy. 
If  large,  they  cause  eonsidemlde  intracranial  prt'ssure,  which  is 
indicated  by  th*^  ilatt<:ning  of  tlie  convolutions  or  bidging  of  the 
brain  after  the  skull  has  l>een  trephined.  Tho^e  due  to  puncturtd 
wounds  are  usually  associated  with  meningitis.  Those  due  to 
caries  must  also  be  associated  with  inflammatory  changes  in  the 
meningeSjand  not  un frequently  there  is  thrombosis  of  the  iKTcbml 
sinuses.  Microscopically,  we  tind  the  ordinary  eharacteristn's  of 
pus.  The  wall  or  periphery  is  usually  undt^rgoing  fatty  degener- 
ation, and  there  is  a  considerable  aceuniulation  of  round  cells  in 
the  surrounding  tissue.  Multiple  absc^esscs  an*  usually  metastatic, 
A  grou[»  may  l*e  found  either  in  one  situation  in  the  bniiu  or  they 
may  be  very  widely  distribut4j'd.  Oeca.'^ionally  the  course  of  the 
case  18  se»  chronic  that  seeon<larv  degeneration  may  oeeur.  In 
8ueb  a  ease,  examined  by  Kaih*r,  witli  abscesses  in  the  eerel>el!um, 
cerebrum,  anrl  particidarly  the  [>ons,  there  was  degeneration  of 
both  pyramidal  tracts.  This,  of  course,  is  a  rare  e<indition. 
In  cases  of  severe  em^-'phalitis,  more  or  less  pronoimeed  changes 
may  be  observed  in  the  ganglion-eel  Is  in  other  {)art,s  of  the  cen- 
tral nervous  systcTu. 

Primary  Acute  Hemorrhage  Encephalitis. — Strumpell  has  de- 
scribed under  this  name  a  form  in  which  the  dura  was  normal  but 
somewhat  dry  ;  the  pia  injected,  the  centrum  ovale  softened,  wle- 
matouSj  slightly  pinkisli  or  gmy^  antl  marked  I>y  tine  hemorrhagic 
pointft.     Mierr»scopically  there  were  no  granular  cells,  but  drops  of 
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myelin  and  some  detritiLs.  There  wa^^  some  hyperemin  and  cel- 
lular infiltration  of  the  pia.  The  ^aiiglion-c'ells  of  the  cortex  were 
nMniial.  In  the  white  matter  the  veasel^  were  distendefl  with 
lAoiMi  and  i^iirroniided  hy  thick  masses  of  n:)inid  cells  ;  the  [leri- 
vasciikr  sjKice^  wen?  distended  ;  the  neni-o^liar  tissne  roarer  than 
normal.  In  many  situations  there  was  hleeding  from  the  capil- 
laries. 

General  Progressive  Paralysis.^There  hiis  been  much 
diversity  of  opinion  eoneerninfi:  the  true  nature  nf  general  pro- 
gressive panilysis.  Tlic  lesions  hitherto  described  have  varied  in 
nature  and  situation,  Xevertlieless,  there  seems  tob€px)d  reason 
to  accept  an  infectious  origin  of  the  disease,  and  un(|uestionably 
the  sym}>tomati>logy  and,  to  a  eertiiin  extent,  the  morbid  changes 
indicate  that  tlie  hmin  is  the  organ  chiefly  involved.  The  changes 
frunxl  most  freipiently  are  as  follows  :  the  dura  matter  is  adherent  to 
the  skull  ;  it  msiy  \n*  thickened,  and  often  shows  ujK>n  its  under 
surfact'  the  exudate  of  a  hcmr>rrhagic  pachymeningitis.  The 
arachnoid  is  thickened  and  opaque,  parlicularly  along  the  course 
f^f  the  veins;  and  in  the  subamcluKJid  si>aec  there  is  often  a  con- 
siderable efiiision  of  liquid.  The  pia  mater  is  thickened  and 
opaque,  and  may  or  may  ntjt  be  adherent  ti^  the  cortex  ;  in  the 
latter  case  the  snbpia!  an^lar  tissue  Is  distended  with  fluid. 
Microscopical  I  ly,  there  is  often  iuund  a  r*jond-t*ell  inflltmtion  abuit 
the  blcHxl-vessels ;  their  walls  are  thi(*kened  and  show  s*>me 
hyaline  tlcgeneration.  The  tluiil  in  the  areolar  spices  may  be 
clear,  or,  as  is  more  eonamonly  the  cast*,  it  is  viscid  and  even  colloid 
in  nature.  The  gross  appearance  of  the  bniin  is  frequently  con- 
siderably altered.  The  convolutions  are  flattened  ;  the  sulci 
bn^ader  than  nornud  ;  the  consistency  of  the  brain  is  slightly  in- 
creascfl ;  the  cortex  is  usually  pale  and  gn>atly  rcdnceil  in  thick* 
ness.  The  white  matter  may  ajijKvar  to  be  slightly  looser  in  text- 
ure, but  ordinarily  presents  no  clmngc.  ISIicrosc(»pically,  the 
bloirtl-vessels  in  the  cortex  have  thickened  walls,  and  occasionally 
one  is  found  with  a  completely  ol)literated  lumen.  There  is 
usually  distentiim  of  thi*  p-ri vascular  s|wiccs,  wliieh  may  be  fllte<l 
with  n>und  cells  and  various  products  of  degenenition,  such  as 
pigmeut-gninules.  The  glia-<?clls  are  greatly  increased  in  number, 
although  it  is  difficult  to  decide  whether  this  is  absolute  or  relative. 
The  neuroglia-fibers  are  usually  slightly  coarser  than  normal.  The 
tangential  flbers  of  the  ci>rtex  may  be  reduced  in  number  or 
entirely  absent.  The  ganglion-cells  exhibit  a  grc»at  variety  of 
ahcrations.  The  protoplasmic  processes  ai*e  varicose,  and  when  suf- 
ficiently well  impregnated  shtiw  the  absence  of  tlie  gemmules. 
The  axisK'ylinder  is  usually  distinct,  due  to  the  degeneration  of 
the  myelin-sheatlh  The  bcKly  of  the  cell  may  be  irregular  and 
vacuolated,  and  there  is  often  extensive  chronuitolysis.  The  ventri- 
cles of  the  brain  ai*c  usually  slightly  distended,  probably  the  rei»ult 
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of  simple  atrophy,  and  the  choroid  plexus  is  often  cystic.  Changes 
are  frequently  found  in  the  spinal  cord.  The  ganglion-cells  in  all 
parts  show  pronounced  degenerative  characteristics.  This  is  par- 
ticularly interesting  in  view  of  the  fact  that  the  motor  symptoms 
progress  so  gradually.  The  posterior  roots  are  often  slightly 
degenerated,  and  there  is  systemic  degeneration  of  the  posterior 
columns  not  unlike  that  found  in  the  early  stages  of  tabes  dor- 
salis,  excepting  that  ordinarily  it  is  most  pronounced  in  the  cer\'i- 
cal  region.  The  pia  and  arachnoid  of  the  cord,  particularly  those 
portions  covering  the  posterior  columns,  are  thickened  and  more 
or  less  adherent.  The  dura  is  often  markedly  thickened,  and  may 
exhibit  pachymeningitis.  The  etiology  of  progressive  general 
paralysis  is  not  clear.  The  great  majority  of  cases  commence  in 
middle  adult  life,  and  have  been  preceded  by  an  attack  of  syphilis. 
Certain  cases,  however,  fail  to  give  any  syphilitic  history,  and  pre- 
sent no  signs  of  the  disease. 

Chrome  encephalitis  may  take  the  form  of  sclerosis  or  of 
scar-formation,  which  is  really  but  a  variety  of  sclerosis. 

Lobar  sclerosis  is  usually  an  extensive  but  sharply  circum- 
scribed process  affecting  the  whole  or  part  of  one  or  more  lobes  of 
the  brain.  The  involved  area  is  usually  considerably  diminished 
in  size.  The  convolutions  are  smaller,  the  sulci  broader,  but,  of 
course,  not  so  deep ;  the  sur&ce  is  often  finely  granular,  and  the 
pia  is  adherent.  The  consistency  is  greatly  increased,  the  tissue 
Deing  almost  like  cartilage.  Microscopically  there  are  the  same 
changes  found  in  the  other  forms — that  is,  excessive  proliferation 
of  the  neuroglia,  with  partial  or  complete  disappearance  of  the 
nervous  elements.  The  cause  appears  to  be  some  vascular  dis- 
turbance occurring  during  fetal  existence,  as  the  localization  nearly 
always  corresponds  to  the  distribution  of  one  of  the  arteries  sup- 
plying the  brain.  If  the  anterior  cerebral  artery  is  affected,  the 
frontal  lobe  is  sclerotic.  If  the  artery  of  the  Sylvian  fissure  is 
involved,  there  will  be  sclerosis  of  all  the  hemispheres,  with  the 
exception  of  a  part  of  the  occipital  lobe ;  and  if  the  lesion  is  situ- 
ated on  the  proximal  side  of  the  lenticular  striate  artery,  this  part 
will  also  be  degenerated.  If  the  posterior  cerebral  artery  is  oc- 
cludeil,  the  lesion  will  be  found  at  the  tip  and  in  the  lower  half 
of  the  occipital  lobe.  Extensive  secondary  degeneration  always 
occurs  in  this  form. 

Multiple  sclerosis  is  a  condition  characterized  by  the  formation 
throughout  the  nervous  system  of  various  foci  in  which  the  neu- 
roglia is  somewhat  hyperplastic,  the  myelin-sheaths  more  or  less 
degenerated,  and  the  axis-cylinders,  as  a  rule,  slightly,  if  at  all, 
affected.  The  sclerotic  areas  are  of  very  irregular  size  and  dis- 
tribution, and  are  much  more  frequently  found  in  some  sitiia-  ^J 
tions  than  in  others.  When  they  affect  the  white  matter  of  the  * 
brain  and  cord   they  appear  as  grayish  or  grayish-pink   areas. 
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which  may  even,  if  at  the  surface,  be  observed  thmii^h  the  pia. 
They  re^^erable  the  gray  inattor  of  the  cord  too  cIo:M*ly  to  he  clearly 
distiiigiilslied  from  it.  Their  edges  are  u^^ually  gbarp.  After  hard- 
I  ening  in  Milller's  fluid  they  appear  of  a  bright-yellow  color  aod 
exceedingly  distinct*  The  smallest  may  be  only  a  millimeter 
in  diameter,  antl  the  largest  may  rK^^npy  the  whole  transverse  sec* 
tion  of  the  spinal  cord  or  eveti  entire  convolutions  of  the  brain* 
Occasionally  sc*! erotic  areas  may  be  found  in  the  nerve-roots.  The 
most  important  change  that  is  found  upon  microscopic  examina- 
tion  is  a  thickening  of  the  walls  of  the  blood-vej5sels.  This  re- 
sembles hyaline  degeneration,  and  may  be  <4o  extreme  that  the 
lumen  is  almost  obliterated.  The  perivas<*ular  lymphatic  sjKice 
18  often  tilled  with  cells  containing  clroplets  that  stain  black  with 
osraic  acid.  Occasionally  the  vessels  appear  to  l»e  increased  in 
nnniber,  althmigh  this  is  {wssibly  due  to  contraction  of  the  sur- 
rounding tissue  bringing  them  more  closely  together.  ImnuxH- 
atcly  around  the  disease<l  vessels  the  neuroglia  is  proliferated. 
In  the  center  of  the  foci  the  neuroglia-cens  are  not  markeilly 
increased  ;  in  the  pt^riphery,  however,  they  seem  tn  have  under- 
gone a  distinct  hvfierphisia.  The  neuniglia-tlbers  thnnighout  are 
somewhat  thicker  and  uron^  irregular,  am!  form  a  iarge-meshed  net- 
work. In  the  midst  of  the  neurfjglia  eomjwinid  granular  cells 
and  amyloid  bo<lies  are  often  found.  If  stained  by  Weigert's 
niethfj<l,  it  is  at  inico  evident  that  the  myelin-sheaths  have  disap- 
peaml  almost  entirely,  all  the  scleriitic  areas  appearing  l>right 
yelhiw.  li'  the  Marehi  method  be  use<l,  however^  a  certain 
number  of  degenerated  myelin-shuaths  will  be  found^  as  a  rule, 
still  present.  The  edge  of  the  Si'lemtic  area  does  not  end  as 
sharply  as  appears  nuicroscopically,  but  gradually  fades  into  the 
healthy  tissue,  Tlie  axis-cylinders,  in  spite  of  the  tlestruction  of 
the  myelin-sheatlih,  are  nearly  always  present^  and  apparently 
normal,  a  tact  which  explains  the  absence  of  set*ondary  degenera- 
tion beyond  the  lesions.  In  those  situations  where  tlie  hyperplasia 
of  the  iteun)glia-tib(*rs  is  most  pronounced,  the  axis-cylinders  may 
be  swollen  or  show  ]>artia!  fatty  degeneration,  or  he  entirely  ab- 
sent. Popotf  believes  tliat  these  persistent  axisni^ylinders  are  not 
tlum'  that  originally  jmiss  through  tlic  le-ion,  but  are  regenerated 
nerve-til»ers  ;  a  view,  however,  for  which  there  is  not  sufficient 
proof.  The  ganglion-cells  are  shrunken  and  |)ignu^nted,  and  may, 
in  rare  cases,  completely  disappear.  In  advanced  cases  of  the  di&- 
t^ase,  the  process  resembles  more  closely  a  chronic  myelitis;  the 
axis-cylinders  jMtssing  through  the  lesion  may  be  totally  destroyed 
and  secondary  degenemtion  oecur.  In  those  cases  that  have  been 
studied  in  the  early  stages  of  the  process  perivascular  iuHamma- 
tt»ry  change's  have  been  present,  and  it  is  about  these  that  the  scle- 
rotic areas  Imve  formed.  In  some  cases  thrombi  have  been  also 
detected  in  the  vessels,  and  many  of  them  showed  the  early  stages 
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uf  hyaline  degeneration.  For  this  rea.son,  and  because  diBsemi* 
nated  sclerosis  fivfjiiently  deveh)i*8  after  an  infwtioup  disease,  it  is 
generally  aeeepted  that  the  process  is  due  to  infectious  embolism, 
a  view  partieularly  supported  l>y  Miirie,  Certain  authors,  how- 
ever, imrtieularly  Taylor,  hoUI  t!iat  the  vessels  are  not  the  i^rimary 
ori»jin  of  the  disea>K*,  as  in  many  of  the  sclerotie  fmi  tliey  are 
perfectly  healthy. 


INJURIES  TO  THE  CENTRAL  NERVOUS  SYSTEM, 

Injtiries  to  the  central  nervous  system  produce  a  great 
variety  of  lesions,  necurdin^  to  their  nature  and  severity. 

Concussion^  eitht*r  fn^ni  a  single  shock  or  from  rejx'iited  lrh)ws, 
may  give  rise  tn  triuisient  or  jiernuinent  changes.  Ordinarily 
there  i;^  con,sideral>le  hemorrhage  at  the  site  of  the  hhnv.  This 
may  be  either  between  the  dura  iukI  tlie  sknll  or  between  tlje 
araehnoid  and  the  pia.  Not  infrequentty,  hemorrhage  is  also  found 
in  the  subaraelinoid  space  of  the  opposite  side  (hemorrhage  l)V 
iXiiifre  eoHpy  This  is  explained  either  hy  sup[>osing  a  flattening  <if 
the  elastic  skull  or  hy  ascribing  it  tr»  the  torce  with  which  the 
brain  rebounds  against  tliat  side.  Small  hemorriiages  are  not  in- 
fivqnently  found  in  the  central  nervous  substance,  and  appear  to 
oiM'ur  particularly  in  the  direct  line  of  the  force  applied  to  the 
skulh  In  the  latter  ease  autopsies  have  shown  the  existence  some- 
times of  multiple  hemorrhages,  sometimes  of  dissemitiated  areas 
of  sclerosis  in  the  white  an<i  tlic  gray  substances.  Occasionally 
in  the  spiiml  cord,  after  ex  peri  mental  repeated  concnssiiuia, 
changes,  somewhat  systemic  in  chanicter  and  affecting  chiefly 
the  posterior  columns,  have  been  observed.  The  hemorrhages 
may  be  pnnetute  or,  in  some  cases,  particularly  if  the  injury  is 
severe  and  tlie  arteries  are  diseased^  massive. 

Lacerated  wounds  of  the  brain  are  usually  produced  by  fmet- 
ure.  of  the  skulk  Tlicre  is  extensive  interstitial  [icruorrhage 
and  softening,  and  the  surrounding  tismie  is  edematous.  If  only 
subdural  hemorrhage  occurs,  it  may  produce  compres,sion  with 
seeonilary  yellow  8*:>tltening.  Any  of  these  lesions  may  heal  with 
the  formation  of  a  scar  and  the  proibictiori  of  more  or  lcs.s  exten- 
sive secondary  degeneration.  Kx tensive  laeeratinns  of  the  bmiii 
are  sometimes  the  result  of  injury  during  lurth,  giving  rise  to  so- 
called  ecrel*ral  jMlsies  of  childhood.  In  these  CAjjes,  tis  the  central 
nervous  system  is  not  fully  developed  when  the  injur)M>ccurs,  there 
is  Inpophisia  of  the  aift^cted  [iiart.s. 

Pimetate  wounds  of  tb©  brain  are  due  to  fraguK'nts  of  bone,  to 
sharp  instruments,  or  to  buHcts.  In  nearly  all  teases  a  certain 
amount  of  ini'eetifm  fK-cnrs,  giving  rise  to  encephalitis.  Tlie  in- 
jured area  usually  undergoes  complete  necrosis,  and  this  extends 
for  8ome  distance  into  the  surrounding  tissues.     The  necrotic  area 
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hi  iif>mfff¥id  of  a  ^lanalar  detrhos,  in  the  mid^  c£  which  are 
foand  alurped  blood-piement  and  bn>ken-il*>«ii  nockL  At  the 
pmft^Ty  there  b  osiially  some  gnnubitioo-cis^ae,  pn>IiteratioQ 
rif  tlie  neoTTjielia.  and  ni'^re  or  !«<«  ro^uni-cell  indltntiiMU  accord- 
ii^  to  tbEr  intendtv  of  the  inflammait^ry  pnjcess.  Experimental 
Ie$i«m*  may  be  prwloced  in  various  ways ;  the  moft  interestii^ 
rv^ilt-.  f^rhap%,  being  those  foon<l  after  the  intnxluoti«>n  of  for- 
eign Ujrjie*.  '>r  aAer  carefbl  asepdc  laceration.  In  either  case, 
^shortly  after  the  operation,  necnxic  changes  will  be  t«>un«l  in  the 
enlarge^]  area.  There  is  marked  proliferation  of  the  neuroglia- 
cells,  even  as  early  as  the  third  day.  an*l  of  the  neumelia-fiber^ 
New  capillaries  may  be  seen  pushing:  into  the  area,  the  endothelial 
cells  of  th'-ir  walls  exhibiting  karyokinetic  fignres.  The  nervous 
tii»ne  in  the  immediate  neighbi>rho<>i  is  in  various  stages  of  de- 
generation. The  myelin-sheaths  form  balls  of  fat :  the  ganglion- 
celli)  VjTfCome  swollen,  x-aeuolated,  and  hve  their  protoplasmic  proc- 
esses. If  there  has  Vieen  much  hemorrhage,  the  blood-pigment 
will  be  found  in  irregular  homrigeneous  masses  or  in  the  form  of 
hematoidin-crystals.  Later,  evidences  of  regeneration  in  the  ner\'- 
ou<$  tissue  may  be  fjbserved,  particularly  the  appearance  of  kar^o- 
kinetic  figures  in  the  nuclei  of  the  ganglion-<^*lls.  The  enlarged 
area  is  ultimately  replaced  by  a  mass  of  coarse  neurt^lia-fibers 
crintaining,  usually,  fewer  cells  than  normal.  That  true  regen- 
eration of  the  central  nervuus  system  ever  occurs  in  the  human 
body  is  exceedingly  doubtful ;  indeed,  it  is  n«»t  certain  that  it  occurs 
in  any  of  the  vertebrates,  although  after  removal  of  the  tail  in  liz- 
ards a  sp'^>ngy  mass  of  neuroglia  may  be  found  in  the  new  organ. 

INFECTIOUS  DISEASES. 

Tttberctllosis  occurs  in  the  brain  in  the  form  of  miiianf  fii- 
berdeM  or  as  large  masses,  the  so-called  mlitary  tuber dcy  or  ttfroma. 

Miliary  tubercles  are  met  ^inth  in  association  with  tuberculous 
meningitis.      They  are  mcist  frequent  at  the  base  of  the  brain. 

Solitary  tubercles  occur  independently  of  tuberculosis  of  the 
meninges.  They  are  more  frequent  in  children  than  in  adults, 
and  usually  occur  in  cases  in  which  there  is  tuberculosis  of  other 
parts  of  the  IxkIv,  notably  the  lymphatic  glands.  The  infection 
reaches  the  brain  through  the  blood-vessels^.  The  lesions  are 
roundc»d  masses  of  grayish  or  yellowish  color,  sometimes  showing 
fresh  gray  tubercles  at  the  periphery-.  The  growth  of  the  mass  is 
causeif  by  increase  in  size  of  the  original  tubercles  and  by  con- 
glomeration of  new-formed  tubercles  at  the  jxTipher}-.  Early 
(caseation  is  usual.    Secondary  infection  of  the  pia  sometimes  occurs. 

Ssnphilis  appears  in  the  brain  in  the  form  of  gummata  or  as  a 
diffuse  vascular  disease  with  secondarj'  degenerative  conditions. 

CKmunata  usually  begin  in  the  subarachnoid  space,  originating 
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in  the  membranes  and  involving  tlie  bmin-subshmce  si^rondarily. 
The  dura  may  be  j^iniultaneously  invr»lv*^d,  Jiiid  t!ie  ttiree  meni- 
bnines  may  be  adhi'iTiit  to  eaeli  utJier  iunl  tirmty  atlaehetl  t*)  the 
bmin.  Priman-  giminia  of  the  brain-siil>.«tanee  is  eertaiidy  very 
rare.  In  the  earli^T  stajL^es  the  gumma  is  a  grayish  and  rather 
tranisliicent  growth,  but  seeoiulary  easeation  oecurs  so  rapidly  that 
tlie  primary  stagt'  is  nirely  oht^erved.  As  a  rule,  the  lesion  appears 
in  the  form  of*  an  irregular,  dry,  easeoiis  area  oeeupving  the  rortieal 
portion  of  the  brain  and  attarhed  Uy  the  pia  and  ara(  Inioid,  and 
even  the  dnra.  Mieroscopic^ally  the  snbstanee  of  the  growth  con- 
sists of  ronnd  and  spindle  or  stellate  eells  in  tlie  earUer  stagey, 
and  of  grannhir  material  in  the  later  stagt^s.  The  eer4^!)ni!  snb- 
gtanee  siirniuuding  tlie  growth  is  more  or  less  softened  and  degen- 
erated. Th(*  blood* vessels  in  the  afleeted  area  or  its  vieinity  are 
the  seat  of  enriarteritis,  wlneti  in  some  eases  eauses  eo m pi ete  occlu- 
sion of  the  lumeiL  Iti  hereditary  syphilis  symmetric  gunmiata  of 
the  Imiin  are  oeeasionally  found, 

SypMiMc  diEease  of  the  blood-vessels  of  the  In-^iin  takes  the 
form  of  more  or  less  diifuse  endarteritis*  Sei-ondary  degenerations 
and  softening,  or  sclerosis,  of  a  difluse  ctr  foeal  charaeter,  may  re- 
Bult  from  the  vascular  disease  ;  but  neither  tlieee  changes  nor  the 
vas<'ular  chaugcs  are  peenliar  and  distinctive. 

Actinomycosis  of  the  bmin  is  generally  ^eeondary  to  aetino- 
mycosis  of  tlie  tissues  of  the  n(*ck,  and  resnlts  from  cxtensirm  up- 
ward through  th*'  Imse  of  tlie  sktdh  The  mendiraues  are  first  in- 
volved ;  the  brain-substanee  secondarily*  The  Icsirm  may  take 
the  form  of  a  ehnmic  abs<*ess  or  may  be  tumor-like  in  appeamnce. 


TUMORS. 

Tumors  of  the  brain  are  important  elinieally  on  account 
of  their  situation  rather  than  on  account  of  their  natnrc.  The 
most  common  is  pml>ably  glioma,  but  almost  equally  as  crau- 
mon  is  sarcoma,  rarcinoma,  excepting  tlie  J'orm  springiug  from 
the  lateral  ventrieleSj  is  almost  never  a  primary  growth,  hut 
secondary  nodules  are  frecpiently  found  in  the  brain.  Cho* 
lesteatouia,  lipmna,  endutheltoma,  and  teratoid  cysts  also  oe- 
eur,  but  they  spring  froui  the  membranes,  and  have  been  dc- 
seribed  iu  conueetion  with  them.  (i  inn  ma  and  tyro  ma  also 
occur  very  fre(|uently  iu  the  brain,  but  as  their  etiology  is  in- 
fet:!tious  they  arc  described  in  connection  with  the  infectious 
conditious. 

Glioma  usually  appears  as  an  iniiltrating  ma^s,  causing  little 
alteration  iu  the  structure  of  the  brain,  somewhat  harder  in  €*on- 
sistencv  than  the  lmiin-sul>stancc,  and  slightly  darker.  It  is 
rarely  a  multiple  growth,  and  shows  no  marked  predilection  f«»r 
any  particular  portion  of  the  brain,  although  it  occurs  more  fre- 


^pandj  iL  liir  t«*r^:c&l  ife^>mi!;m«!r*f>  -sax.  ir  ibe  rtt=aJ  £:aiie:iia  or 
T3Hr  ^^'^m^'irnr.  li  ^vst^  T^mtf^^  froL  Titf  i»r*ui\«£rliar  i»soe  of 
tfcr  ^tanal  nerr  •a?  •T-^tt-iiL  mbc  i-  ?*acsjca:ii*  f.c  i&  cxtPeme 
nfsme-r-  3l  :r-I^.  liss:  v^  soiBBiWf  -^aiTn Vng-Tit-*^*^*^  msT  be  sAkhtb 
!»■•  p.»cz>£'ji-  pr.c.«5«sftsiiDir  yrtr\jLage>  c«-»<7ift> ^  Tiieae  prcffciplasinic 
pnoesitr^w  •cnK*-  ^T^aLlnr  «-  ia  iisn.  iticii:  li**  f)c<^ciDed  matrix  of 
Tkt  iax&:<--  viiki  wpfisTs^  k^  i•!^  r.iaia^t^i  •€  XlIzzDtn«l^  fine,  inier- 
AKikr^i^:'^.ini»iud!S\x'iriik^r^        » eimarr  jgaiumg-mcthods^ 

13^  T^esr-i^  ^.mshszftf  <€  <^all  cnEIiiiTit^  tc  imzs^er  =^iaces  lined 
wish  r^^y<hflluiBL.  aiid  tius  vasrsuar^sttD.iK  jdmt  be  skL>  excessive 
tiat  ibe  nuD-jT  bi  p&rts^  itt>  m  ^Bease  pbikir^  cc  ivdcEsii  color*  giv- 
ing to  ibe  ty  t.v-  Ax^^  a  xa.'cz^fd  aio?&ra3»?t-.  Str^ebe  ccwaders 
a^  •-flfc^  of  lifcr  e^orarsmsors  cc  I3ii^  irm  •r  ibe  iirt  dux  it  doe?  not 
in£liraie  likr  pa  miser.  a»i  caa  iava;iar«]y  'r«e  db^r-irn  net  to  spring 
&:<n  h.  In  ^:«nr  casv*?  tiie  <vtt?»ie9»nr  .:c  ibe  nuiKC  is  quite  faaid, 
aD»i  in  ibt-?r-  tie  i>i-Ilxiiar  elt4&t«is  are  i^K^^at^J  in  amoimt  propor- 
t>:tQaic-ij  TO  the  £Smc5  li^v^ie.  Oniiittrlly  iroe  Derroos  tiaaie  is 
ab*r^t  lr».»in  ibr  mid<  •>«  t5>e  tumor,  ibe  ma?«^  in  tbe  center  being 
madr  up  *y(  ibe  near^.^ia-nf^qK'.  TJii>  irradoally  diminishes  to- 
vaid  ibr  ptTtpbrrr.  aiad  ukimatelT  fiit^  int*»  tbr  true  oerxoas 
tis^Q^.  that  may  be  ^:«Bewhai  ^irfDat*<bs.  In  ?i«>mr  oas^es.  however, 
a.«  in  •►nliittTy  Tcienieis  of  tbe  central  i>rr\--vj>  system,  myelinated 
nerve-fil»er?  may  be  ioond  in  tbe  midfX  -  •:"  ibe  tnnKtr.  and  it  fre- 
qnently  happens  that  the  sic^x^odary  des«>rr«x»n  t  xtrfidinc  ftom  m 
^.^ma  is  moeh  slighter  than  the  apparent  ext«-nt  ^f  the  process 
w<iald  lead  one  to  expert.  iKvasknialiy,  titb^r-r  slioma-cells.  or 
pi>M=ihly  ganirlhfcn-celK  that  have  un«leiv\>Dr  proliferative  changes 
in  the  midst  «>f  the  growtlu  may  be  ft««i>L  TlK-r^  arv  much  lanrer 
tlian  the  Mnlinary  rt-lls  and  i>«otain  nun>r*'T:-  braiK^ht^i  pmcesses, 
ami  oti*-n  **n^  or  several  large  nuclri.  This  is  thi*  ?4>-caJled  ^at^ 
glionnr  wnn ''X/^iosyi. 

.S»me  path«.!.igi5to  hold  th&s  the  suriing-p-in  "f  f:li«:»ma  i>  always  one 
or  m'.re  rj»rndymal  celb  that  have  been  di^p.aoKi  in  t-mbryonal  existence 
and  h;±\r^  fjiiird  to  asi'Uine  the  tvpe  ex"  clia-ce.l*,  l^a^ing  iheir  iheory  in  part 
Uj'^n  the  atypical  »liape  of  many  of  tiTe  gli* 'Sia-cells. 

Sarcoma  of  the  brain  is  pn»liahly  ihv  next  most  frequent 
tumor.  It  usually  •n^t'uni  in  middle  adult  litV,  although  it  is  quite 
fre<|uent  in  children.  The  o>mmonest  .-^^^t  is  the  cortex,  which  it 
prriliably  inva«les  frr»ni  a  primary  fi.H^us  id'  pnJifenition  in  the 
ruf  lubmnes.  The  tumors  are  onlinarily  ncKlular  growths,  usually 
di.-tinctly  circ-unisorilK**!  fn»ni  the  surroimding  tissue,  and  in  some 
csie^fri  cven  .-um>undeil  by  a  fibn.»u>  i-:ipsult\  tn»ni  which  they  can 
\Mi  n-arlily  niuoveij.  They  are  rather  tinmr  than  the  brain-tissue, 
and  r^^inietimer'  slightly  unibilicate<l  if  at  the  surface.  The  suHace 
of  M-irtion  is  [Kile  and  dr\',  but  frequently  mottleti  i»n  account  of  the 
preHence  of  hemorrhages.     If  primary-,  the  sarcomata  are  single  ;  if 
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secondary,  more  frequently  multiple^  and  in  these  cases  they  are 
very  apt  to  he  foiiiKl  ujion  the  convex  surfaec  of  the  hemispheres, 
forming,  if  large^  irretijular  flattened  niaHScs.  Ilistolof^ieally,  almost 
any  type  of  sanH»nia  may  he  found,  ttie  must  frequent^  j>erliaps, 
being  the  roiind*t*ell,  ntui -pigmented  lorm,  (iiant-eells  are  verj' 
frequently  found.  In  tlie  midst  (»f  true  sarroma,  proliferated 
fibrous  ticSisue  is  not  found,  but  many  of  the  tumors  are  travtTsed 
by  fibmus  tra):»eeu]a?,  and  some  of  them  eoutain  eonsiderable 
masses  of  filirous  tissue,  giving  rise  to  the  so-^.-alled  fibrosa reoma. 
Ordinarily  the  tumors  nre  extremely  vascular,  and  (Kx*asionally 
eontain  iutc^i'^titial  hemorriiagcs,  '^11  le  surroniidiug  brain-tissue 
shows  the  symptoms  of  mark*  tl  fonipression,  is  edematous^  and 
may  eontain  snuitl  interstitial  hemorrhages.  The  true  nervous 
suhstanee  is  orfliuarily  degeneratetl,  and  we  find  extensive  seeond- 
ary  degeneration  as  a  result  of  the  presence  of  the  tumon  Har- 
eoma  sprintrs  primarily  from  the  bmiu^aud  nearly  always  grows 
toward  the  surface  and  infiltnites  the  pia  mater. 

Certain  furms  of  tuniurs  Ijave  l>een  deserihtiHl  that  appear  to 
spring  from  the  adveutitia  of  the  bltKnl-vesstds,  They  consist  of 
masses  of  cells  usually  sharply  cipcumserihed,  somewhat  cylindri- 
cal in  shape,  having  in  their  center  a  small  lumen  in  which  blood- 
eel  Is  may  sometimes  be  detected.  These  are  tlie  so-called  perl- 
ihriioma. 

Many  authors  believe  that  a  combination  tif  jrlioma  and  nareoma  may 
occur,  and  ^lio!*fireomiita  have  been  frequently  de'^cribecl.  As  the  neurogUa- 
tiftsiie  huHtlie  fanetiont*  ofotmneetive  tissue,  nnd  in  many  re^pectn  resembles 
it  in  its  pittholo|rie  prm-e^ses,  it  is  natural  that  a  t^lioma  shinild  be  aiaiilar 
to  a  earcoma,  and  tliis  has  possibly  canned  an  error  of  diag'nossiift  in  some 
cftMf^.  Ai^  the  two  tiniinrH  nrhe  frmu  ti^stie  id'diHerent  natures,  and  develop 
in  different  Bituatiorm,  their  tunnbination  is  theoretieally  unlikely. 

Fibroma  t>ceurs  as  a  bard,  cirenmseribed  tumi>r,  sometimes 
fotind   in  the  hcmispberes,  I  nit  it  is  extn^mely  rare. 
I^ympiLangioma  appears  to  arise  irom  the  pia. 
Osteoma   is  usually  an  extension  inward  trom   the  sknll  or 
membranes,  but  oecastonally  wcurs  as  a  tumi>rj  apparently  origi- 
nating in  the  braiu-subslanee,  forming  ban  I  nuisses  from  the  size 
of  a  pea  to  that  of  a  cherry,  and  somewhat  irregular  in  shape, 
Psammoma.^Tliis  sjK*eial  term  has  been  given  to  tnraors 
containing  ealcareous  granules.     It  has  already  been  nientioned  in 
connection  with  the  churoid  plexus  aud  the  membranes.     Oeea- 
I  sionaily  circumscribed  lihrous  ttmiors  containing  ealcareous  gran- 

ules are  found  in  the  brain-substanee,  but  these  are  extremely 
I  rare  (Fig.  353). 

^H  Catcmoma  of  tlie  substance   of  the   brain   is  invariably  a 

^H  metastatic  growth.     It  appeai*s  either  as  small,  round,  eircurn- 

^H  scribed  nodules,  of  firm  eruisistency  and  pale  color ;  or  as  larger, 

^H  more  or  less  infiltrating  masses  with  softened  interior.     Histologi- 

^H  cally,  the  tumor  may  present  anv  type  of  carcincaua,  according is^ 

L__ 
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tlie  ntiire  of  the  primur  gimrth.    It  wu% 
the  periPOM  tisne,  either  podiiiig  il  aside  or 
nres  rise,  therefere,  to  more  or  las 
Multiple  meCaMtstk 
m  tlie  bmia  witfacMit 


THE  CHOCrOID  PLEXUS. 

The  choroid  plexus,  as  has  beeo  staled,  eonMte  of  a  |Jejros 
of  Teasels  derived  froio  the  lacflobla^.  that  are  erenrwbere  oav^ 


Fiij.  Lt&>i. — 1' ■^Ammuiiiii ^  &h^j  win^  calcftrttouB  ipiciiJes  and  whorli. 

<tr*"d  by  a  layer  of  cuboidal  or  columnar  epithelium.     Histoloei- 

i'iilly,  thorefore,  it  coii»ist^  of  an  iiinor  layer  of  endothelial  cells 
and  an  ouUr  layer  of  epithelial  cells,  ycimrated  by  a  small  amount 
of  areolar  rtbrous  tissue.  This  condition  is  most  distinct  and 
typical  in  the  lower  vertebrates,  particularly  in  amphibian:!,  in 
which  the  choroid  plexus  consihti*,  in  w>me  parts,  of  a  single 
vcHsel  covered  by  cpitiielial  celln.  The  structure  of  the  chor<»id 
plexus,  therefore,  Ix^irs  a  very  close  resemblance  to  the  structure 
of  the  glomeruli  of  tlie  kidneys,  and,  as  it  is  obvious  that  the 
blo<xl- vessels  of  which  it  is  eooipostd  can  have  no  nutritive  fimc- 
iion,  excepting  in  so  far  as  they  supply  the  epithelium  that  covers 
them,  it  has  been  supjxjsed  that  the  choroid  plexus  is  a  secretory 
organ,  its  object  being  to  s*^cretc  the  cerebrospinal  fluid.  This 
theory  is  sustained  by  the  fact  that  the  cerebros]>inal  fluid  differs 
iu  comjKisition  from  the  lymph,  or  from  the  fluid  poured  out  in 
i*rrous  exudations.     It  windd    naturally   be   supposed,  therefore, 
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that  ID  all  conditions  in  which  the  alterations  in  the  composition 
of  the  cerebrospinal  fluid  have  been  detected,  there  is  primarily 
some  disease  of  the  plexus. 

Hypersecretion. — ^In  certain  cases  in  which  communication  be- 
tween the  cavities  of  the  brain  and  the  interior  exists — as,  for 
example,  through  the  ethmoid  plate  of  the  nose — there  is  distinct 
hypersecretion  of  the  cerebrospinal  fluid.  In  a  case  described  by 
St.  Clair  Thomson,  as  much  as  a  pint  was  discharged  in  twenty- 
four  hours.  In  these  cases,  if  for  any  reason  the  flow  is 
checked,  symptoms  of  intracranial  pressure  occur.  Regarding 
the  pathologic  changes  in  the  choroid  plexus  that  are  associated 
with  this  condition  we  have  at  present  no  information.  Hy- 
persecretion probably  also  takes  place  in  all  inflammatory  con- 
ditions. 

Inflammation. — In  inflammatory  conditions,  particularly  men- 
ingitis, encephalomyelitis,  and  ependymitis,  either  separate  or  com- 
bined, and  associated  witli  the  presence  of  an  abnormal  quantity 
of  albumin  in  the  cerebrospinal  fluid,  more  or  less  inflammation 
of  the  choroid  plexus  is  usually  found.  This  is  indicated  particu- 
l^ly  by  round-cell  infiltration  about  the  vessels  and  beneath  the 
epithelium.  Sometimes  there  is  a  slight  amount  of  exudation 
upon  the  epithelial  surface,  and  occasionally  small  foci  of  suppura- 
tion can  be  detected. 

Infections  Diseases. — Among  the  infectious  diseases  the  only 
one  of  importance  is  tuberculosis.  In  this  condition  miliary 
tubercles  or  large  cheesy  foci  may  be  found. 

Chronic  inflammation  appears  to  be  exceedingly  rare,  or,  what  is 
probably  more  accurate,  has  rarely  been  described,  for  there  is 
every  reason  to  believe  that  the  choroid  plexus  shares  in  all  con- 
ditions that  involve  the  pia  mater.  Atheromatous  conditions  seem 
to  be  very  infrequent,  but  a  certain  amount  of  thickening  of  the 
walls  of  the  vessels  may  be  observed  in  old  age.  A  certain 
amount  of  overgrowth  of  connective  tissue,  sometimes  associated 
with  slight  round-cell  infiltration,  is  also  occasionally  found  in  old 
people. 

Hemorrhage  may  take  place  into  the  choroid  plexus,  and  is 
usually  an  agonal  phenomenon. 

Degenera^ons. — Calcification  is  the  most  frequent  of  the  infil- 
trations. This  may  be  recognized  by  the  gritty  sensation  upon 
cutting  into  the  choroid  plexus.  Microscopically,  the  calcareous 
nodules  appear  as  minute  dark  granules  that  stain  purplish  with 
hematoxylin.  Masses  of  cholesterin  are  by  no  means  uncommon  ; 
they  rarely  present  the  form  of  typical  cholesterin-plates,  but  are 
somewhat  irregular  in  outline,  of  a  faint  yellowish  color,  and  shine 
brightly  when  examined  by  oblique  light.  Both  conditions  are 
common  in  old  people. 
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Pigme$iary  infi/traticn  probably  abo  occurs,  certainly  in  mala- 
ria, and  perliapa  in  old  age. 

Amyfoid  degeneration  occurs  in  caae^  of  amyloid  disease. 

Timion. — ^A  great  variety  of  tumofB  occur  in  the  plexus, 
Cjfsis  may  be  either  retention-  or  extravasation-<;y&ts,  or  parasitic. 
Tibe  retentioo-cystd  may  be  lined  with  epitheliam,  and  probably 
represent  adhesion^s  at  the  edges  of  fissures  with  perbi:?tence  of 
secretory  activity-.  More  commonly  they  are  lined  with  endothc?- 
lium  and  represent  dilated  lymph-spacer.  They  may  be  single  or 
multiple,  and  often  are  more  numerous  upon  one  side  of  the  braia  i 
than  on  the  other.  They  ap|)ear  w^  small  tran^^lucent  sacs,  filled 
with  a  clear,  slightly  yellowii«h  liquid,  or  else  a  colloid-like,  Wseid 
masH.  Parasitic  cysts  are  usually  due  to  Ttenia  solium.  They 
may  be  either  single,  the  Cystieercas  cellulosie,  which  may  be 
attached  to  the  plexus  or  lie  free  in  the  ventricular  cavit}%  or 
multiple,  forming  the  jso-called  Cysticercus  raceraosa  of  the  brain. 

Among  the  bnenign  tumors,  fibromata^  possibly  but  organised 
thrombi,  and  ilpomnla  have  been  described.  The  latter  is  ex- 
ceedingly rare,  and  is  usually  associated  with  multiple  li{K>mata  in 
other  [larts  of  the  brain,  A  dermoid  cifd  has  been  rej)orted  by 
Lebert.  Endotheliomaifi  may  spring  from  the  lymphiitic  space. 
They  are  small,  white,  infiltrating  growths,  of  firm  consistency. 
They  possess,  microscopically,  the  ordinary  alveolar  structure,  the 
cavities  being  lined  by  endothelial  cells,  which  have  pmliferated 
and  may  lie  K>ose  in  or  fill  up  the  lumen.  Degenerative  changes 
in  the  stroma  or  in  the  cells  themselves,  jKirticularly  of  a  hyaloid 
nature,  are  very  common  in  these  tumors.  EpUhttiomata  may  arise 
from  the  epithelial  covering.  Two  varieties  have  been  described  ; 
the  papUloinaloiiA  epilhdiomi  is  a  small,  often  mierost*opie,  tumor 
that  appears  as  a  villous  outgrowih  upon  the  surface  of  the  plexus, 
and  is  composed  of  flat  or  [>olygonal  epithelial  cells,  with  dis- 
tinct evidence  of  prolifemtion  that  may,  in  the  lower  layers,  cause 
a  breaking  through  of  the  basement-membrane*  The^e  tumors, 
however,  are  apjiarcntly  non-malignant.  The  so-called  cylindrii^l 
carcinomata  also  iDccun  These  grow  very  rapidly  and  usually 
become  attached  to  the  wall  of  the  ventricle,  and  fnmi  this  sitim- 
tion  invade  the  substance  of  the  brain.  They  are  alveolar  in 
structure  and  soft  in  consistency.  There  is  s*ime  doubt  a^  to 
whether  these  tuni*>rs  dn  ni>t  arise  from  the  ependyma,  and  it  has 
also  Ix^en  suggested  that  they  are  sarcomatous  in  nature  and  spring 
from  the  adventitia  of  the  blood-vessels.  They  are  usually  single 
growths  and  do  not  give  metastases.  The  choroid  plexus,  as  a 
whole,  may  be  altered,  by  the  presence  of  cysts,  into  a  muH>ern*- 
like  mass,  or  hy  a  general  fibrous  change,  into  a  pale,  solid  body 
of  cylindrical  shape  with  a  finely  granular  surface. 
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THE  VENTRICLES. 

The  cerebrospinal  fluid  is  a  clcur  liquid  with  a  specific 
gntvity  of  about  1008,  u  sli^litly  alkaliii*^  rt'a«iio!i,  iiuti  a  faint  ssilty 
tja,sti>,  Tiu"  Huid  obtained  fmm  a  eiiW  was  rarei'nlly  .^tudieil  by 
Nawratzki,  and  it  was  found  to  contuin  1,01*^1  per  cent  of  .soHd 
material  J  of  whicli  aljout  O.H  ptT  cent,  was  orgauie.     The  average 

Suantity  of  albumin  was  0.02  per  eent.j  just  sufficient  to  cause  a 
_  ight  opjdesceuee  upon  boiling.  Tlie  sanu'  author  has  a  ho  ex- 
amined the  eerebrosiiinai  fluid  in  human  beings,  and  finds  that  it 
IB  very  similar  in  eonipo;?ition,  with  the  exeeption  of  the  greater 
projxirtion  of  allnimin,  which  at  times  reaches  0.177  per  cent. 
Fresh  cerebrospinal  flnid  fnim  either  man  or  the  lower  animals 
contains  a  small  propt^rtion  of*  grape-sugar,  equivalent  to  between 
0.17  and  0.27  per  cent.  Aecording  to  Halliburton  and  Hamnier- 
sten,  the  reducing  substance  is  not  sugar,  but  brenzcatechiu.  This 
reducing  substance  invarial>ly  disappears  within  a  few  hours  after 
death. 

Pathologically  the  fluid  may  show  the  follow^ing  changes.  The 
color  may  become  yellowisli  from  tlie admixture  of  blood,  or  turbid 
from  t he  ad m i x tn rt*  of  pus.  M  ten j-o rgan  isms  arc  free] uent ly  f< uind 
in  it  in  all  forms  of  meningitis,  but  imrticularly  in  epidemic  ccrebm- 
Bpinal  meningitis.  It  must  not  be  forgotten,  however,  that  in  the 
late  stages  of  this  and  in  the  early  stages  of  meningitis  due  to  the 
tulK'Tcle-baeillus,  the  fluid  nuiy  be  eh^ar.  Nawralzki  oliservcd  a 
considerable  increase  in  the  amount  of  albumin  as  tlje  only  change 
ID  a  case  of  hemorrhagic  pacliynicningitis,  Blicroscopic  exam- 
ination^ even  in  normal  cerebrospinal  fluid,  usually  .shows  the 
existence  of  some  blood-<liscs  and  leukocytes.  In  pathologic 
changes  a  greater  or  less  number  of  pus-(*ells  may  be  present, 
and  often  therr^   is  a  considerable  amount  of  iibriii. 

HydroceplialtLS. — Excess  in  ([uantity  of  the  cerebrosf>inal 
fluid  in  the  ventricles  is  known  as  hvilroeephalus.  This  may  l>e 
produced  l)y  a  great  variety  of  eauses.  It  may  be  congenital,  and 
perhaps  due  to  a  malformation,  lint  is  more  often  a  result  of  dis- 
ease. Congenital  hydroceplialus  fn-quently  appears  to  be  due  to 
some  ilefect  on  the  part  of  the  jmrent,  and  is  particularly  common 
in  t!ie  children  of  drunkards. 

CoMgeaital  hydrocephalus  intemnB  is  characterized  by  a  gradual 
accumulation  of  eerebrospinal  fluid  in  the  lateral  and  third  ven- 
tricles of  the  lirain,  probably  the  result  of  excessive  sceretion 
from  the  clioroid  plexus  (Fig.  364).  As  a  geneml  rulcj  the  fourth 
ventricle  Is  not  involved.  The  aqueduct  of  Sylviusj  liowever, 
is  often  dilated.  Sometimes  the  fifth  ventricle  is  distended,  or 
the  septum  has  atrophied  and  disappeared,  allo%ving  free  commu- 
nication between  the  two  lateral  ventricles.  Less  frequently,  the 
infundibuhim  is  distended  and  forms  a  small  sac  at  the  base  of 
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the  brain.  Usually  thi3  dibtusi^  18  nianifest  at  the  time  of  Inrth^ 
and  the  liGa<I  may  even  at  this  peri^Kl  have  attained  the  circum- 
ference of  more  than  oO  em.  Externa  I  iy*  tht*  head  is  splierical 
and  large  ;  the  face  \s  small,  and,  with  the  bulging  forehead,  gives 
to  these  patient;?  a  charaeteristie  expression.     The  crania!  bones 

are  usually  more  or  les8  sepanited  ;  fre- 
1^  ^^  qu«*ntly  the  edges  of  the  sutures  are  an 

IL  ,,^^^  inch  or  more  apart.     The  anterior  fon- 

\        .  ^^^^^  tanelle  is  large  and  usually  bulging.    If 

the  l)ones  of  such  a  skull  be  examinl^d, 
it  will  usually  be  found  that  tliey  are 
very  thin,  and  that  ossiti cation  is  in- 
eoruplete.  The  dura  mater  is  tense, 
and  beneath  it  may  be  found  the 
gn^atly  flattened  eon  volutions.  The 
brain-substance  seems  soiler;  oft«n 
there  is  distinct  fluetnation,  although 
the  brain  collapses  as  sfwin  as  it  is  re- 
moved from  the  cranial  cavity.  The 
distance  i'rom  tlie  wall  of  the  ventricle 
to  the  surface  is  much  less  than  nor- 
mal, this  atrophy  seeming  to  atfeet  the 
white  substance  more  than  in  the  cor- 
tex. The  total  weight  of  the  brain, 
however,  is  often  normal  or  nearly  so, 
and  it  is  impossible  to  say  that  an  act- 
nal  atrophy  has  really  taken  place. 
The  sul)stance  of  tlie  brain  is  pale, 
probably  as  a  result  of  the  pressure, 
and  often  softened,  ^wirticularly  in  tlie 
neigld>orh(MHl  of  the  ventricles,  al- 
though tills  is  probalily  only  an  im usually  rapid  ixiKt-mortem 
change,  Th(*  Hoor  of  tlie  ventri4'les  may  lie  sm(»oth  or  slightly 
roughened,  and  occasionally  distinct  nodules  may  be  observed. 
In  the  latter  case  there  is  usually  considerable  pnjiiferation  of 
the  neuroglia  in  the  cortex,  and  just  beneath  the  tloor  of  the 
ventricle  a  sort  of  schnjsis  of  ttie  l>rain-suiistaDce.  The  cere- 
brospinal fluid  is  usually  clear,  and  not  abnormal  in  consistency* 
Oceasionally,  however,  it  is  somewliat  turliid,  partiinilarly  if 
tfiere  are  any  signs  of  old  inflammatory  action.  The  choroid 
plexus  is  often  somewhat  enlarged,  pale,  and  may  eontain  eyst«. 
As  the  patients  increase  in  age  there  is  usually  considerable 
increase  in  size  of  the  head;  nevertheless,  the  convolutions  grad- 
ually become  more  rounded,  autl  the  white  sulistance  ajvjx^ars  to 
undergo  a  sort  (^f  rc<levelopmeut,  for  the  layer  of  brain-tissue  be- 
tween the  ventricle  and  the  surface  becomes  thicker.  Systemic 
degenerations  of  the  white  fibers  are  uncommon.      There  may, 


Fig.  3J4.— ConguiiUrtl  internal 
hydro(!uphaluft.  with  marked 
ftltuphy  of  the  white  subfttaiioe 
(from  Bullirigtir). 
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however,  be  marked  thinning  of  the  corpus  f^iUosum  and  the  ante- 
rior commissure.  OavSes  have  been  described  in  whic^h  a  descending 
degeneration  ahing  the  pyramidal  columns  was  found  in  the  eonl. 

Partial  hydro cephaJus  has  been  described*  It  is  probably,  in 
the  great  majority  of  cjlscs,  of  «:^oiigcnital  origin.  Jt  may  affect 
oidy  one  ventriek^,  or  even  only  a  part  of  a  ventricle,  a^^  for  ex- 
ample, tlie  anterior  i>r  po^sterior  horn  oi"  oi»e  of  the  lateral  ventri- 
cles. It  apjM3ars  to  be  the  result  of  an  obliteration  of  one  of  the 
normal  pa.s.sages  by  which  the  ventricles  eommunieate  with  one 
another. 

External  hydrocephalus  is  the  accumulation  of  fluifl  that  oc- 
curs in  the  subarachnoid  space  to  replace  brain-tissue  that  lias  un- 
dergone atrnphy^  or  to  till  the  cavity  of  jK^rencephaly.  Occasionally 
symmetrical  collections  of  liquid  are  found,  as  in  a  bmiu  that  I 
removed  from  an  itliot^  in  which  both  temport)splienoidal  lobes 
were  excavated  and  replaced  by  large  cysts. 

Acquired  hydrcteeplialiis  may  be  either  acute  or  chronic.  The 
acute  forms  arc  usually  secoudar\^  to  inflammatory  changes  in  the 
meninges,  extending  to  the  choroid  plexus  and  to  the  cpcndyma, 
or  are  caused  by  some  abnormal  gn>\vth  [iressing  upon  tlie  veins 
of  Galen.  In  the  atrophic  brains  of  the  aged  dilated  ventricles 
are  frequently  found. 

Acute  acquired  internal  hydrocephalus  is  usually  the  resutt 
of  acute  basilar  meningitis^  either  intlammatory  or  tuberculous. 
The  brain,  in  add  it  if  »n  to  the  iueningitit^  changes,  presents  all  the 
characteristics  of  intense  intracranial  pressures  The  convolutions 
are  flattened  and  jiale.  The  bmin-tissue  is  usually  soft,  or  at  least 
softens  rapidly  after  deaths  particularly  the  part  that  surrounds 
the  distended  ventricles*  ir|win  ii|>cniug  the  brain  the  tlui*l  is 
usually  found  under  considerable  jvressurc,  and  often  almost  gelat- 
inous in  consistency.  Frequently,  microscopic  examijjation  of  the 
brain-substance  will  show  the  presence  of  acute,  disseniinated, 
suppurative  encephalitis.  The  ependyraa  of  the  ventricles  is 
iujecteil  and  often  covered  with  lymph.  In  the  tiilKTcidar  fi)rm 
it  may  be  roughcntMl,  as  a  result  of  the  ]>resenee  of  numcnjus 
miliary  tubendcs.  The  chomid  plexus  is  injected.  In  the  acute 
iorms  it  alsfi  has  Sfjnie  lymph  upon  the  surface,  and  in  the  tuber- 
cular form  may  contain  miliary  tubi'rcles. 

Chronic  hydrocephalus  is  usually  a  late  result  of  meningitis, 
particularly  the  epidennV  Ibrui.  Oceasionally  it  is  the  result  of 
gra<lual  compression  of  the  veins  of  (ialen,  as,  for  ex  am  pie,  by  a 
tumor  of  the  cerebellum.  I\vrlia|»s  nmst  frcfjueutly  it  is  the  result 
of  a  chronic  granular  ependymitis.  In  these  cases  the  ili.^tention 
is  more  pronounced  than  in  the  acute  form.  Tlu^  ependyma  is 
thickened  and  opaque,  and  often  contains  snuill  hanl  nodules. 
Occasionally  bands  of  organized  fi Ixirs  may  be  found  in  the  cavity 
of  the  ventricle. 
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Gpetid3m]itis  may  be  chronic  or  acute.  The  acute  form  is 
alwavH  BL'condary  t^)  mcningitisj  ami  is  c'banictcrized  by  pnilif- 
eration  of  the  ependymal  colls  and  the  UBiial  inflamniatory  changes. 


Fro,  305^— Sclerotic  noduli?  In  the  floor  nf  the  Iftteml  ventricle,  with  wrinkling  of  tb« 
epettdyma;  X  lOU  (Sailer). 

f^hronic  e|icndymitis  is   usually  associated   with   sclerosis  of  the 
brain.     The  surface  m  granular  or  eveu  nodular.     The  ependyma 


Fiov  a5«,— Sclerosis  of  the  br«ln ;  X  aCKh 

18  thnvwn  into  fohls,  and  there  is  ^reat  pndiferation  of  the  sub- 
ependymal ncurotrliar  fibers  (Figi5.  355»  356), 

THE  PITUITARY  BODY,  OR   HYPOPHYSIS  CEREBRI. 

The  [jypophysis  is  a  small  ghinchilar  orjjan,  situatcil  at  the  ba^e 
of  the  bmiii,  lying  upnn   the   ripper  surface  (»f  thi-   body  of  tlie 
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^henoid  bone,  imd  further  pnik'ctecl  posteriorly  by  a  wall,  form- 
ing a  cavity  will  el  I  is  koowii  as  the  miia  turciai.  It  varit'ri  slightly 
in  size,  the?  avt^rage  weight  in  the  adult  being  from  0,5S^  gra. 
(Schonomann)  to  0,48  grii.  (Cointe),  It  reaches  its  maximum 
between  t\\  enty-one  an*l  forty  years  of  age. 

The  hypophysifl  is  a  double  organ^  developed  from  the  central  nervous 
system  and  froru  the  alimentary  canal  The  nervoua  part  origjnate*i^  from 
the  middle  primary  cerebral  vesicle  as  an  evaginatifm  from  the  cavity. 
This  forms  the  infuridibiilum  and  the  stmall  posierior  lobe.  The  larger 
anterior  lobe  appears  to  arise  frf»m  two  Hources,  one^  the  primitive  oral 
tissue  in  early  embryonal  life,  and  the  other  the  anterinr  portion  of  the 
alimentary  canal ;  both  portions  become  contracted  at  their  origins,  fune, 
and  are  ultimately  MfpiirHted  froai  the  alimentary  canal,  althougb  this 
separation  is  uot  complete  in  srmie  of  the  lower  vertehrata,  HiBtologi- 
cally,  the  organ  may  be  divided  into  three  partfl:  the  anterior  portion  of 
the  anterior  lobe  is  composed  of  somewhat  polygonal  epithelium-cells  en- 
clo*5ed  in  alveoli,  whone  walLn  are  made  up  of  hbroun  connective  tissue.  These 
groups  of  cells  are  very  irregular,  although  sometimes  they  are  arranged 
about  the  periphery  of  the  cavity,  leaving  in  the  center  a  small  lumen, 
which,  more  frequently  than  not,  is  tilled  with  an  oxyphilic  homogeneous 
masH  that  ii*  HUp posed  to  he  colloid.  Tlie  amount  of  connective  tissue  is 
usually  relatively  small,  and  it  contains  a  consitlerable  proportion  fd  cells 
a8  compared  with  connective  tiseuc*^  of  other  parts  of  tlie  body,  anrl  i^  ex- 
ceedingly vascular.  The  cells  are  of  two  kinds,  the  chromnphilie  and  the 
chromophobic.  The  former  are  further  divided  by  Comte  into  the  erisino- 
philic,  in  which  the  protopla.sm  stains  deeply  and  honiogeneonsly  with 
eosin,  and  usually  contains  vacuoles;  and  the  lyanophilic  celb,  in  which 
the  prottjplasm  colors  dark  blue  with  hematoxylin,  and  rarely  contains 
vacnoles.  The  protoplasm  of  the  chromophobic  cells  does  not  stain.  8onie 
authors  consider  that  these  distinctions  are  not  morphologic,  but  only  indi- 
cate that  the  different  cells  are  in  difrercnt  stages  of  secretory  activity. 
The  posterior  part  of  the  anterior  lobe  usually  contains,  in  man,  a  small 
bilobed  cavity  lined  with  i-ylindrical  ciliated  epithelium.  In  addition, 
there  are  also  a  tew  larger  cavitie*<  lined  by  columnar  or  polygimal  epi- 
thelinm,  and  usually  filled  with  ecdloid  material.  Tin*  posterior  or  nervous 
lobe  consists  of  nenroglia-t issue,  and,  arctirding  to  Iterkeley,  a  few  ganglion- 
cells  containing  an  excess  of  pigment,  and  some  varicoee  fibers  may  be 
found  in  it.  Kolliker,  however,  denies  that  there  is  any  nervous  tissue  at 
ali  in  the  posterior  lobe,  and  has  been  able  to  find  nothing  but  neuroglia. 

From  it;^  analogy  in  gtnictiire  to  the  tliyroid  gland,  it  has  been 
Rupi>osed  tluit  thi'  funetirin  of  the  jjituitary  body  is  to  abstract 
some  material  from  the  bkaKl,  to  alter  it,  and  then  to  return  it  to 
the  eircnlaticvn — that  is  to  say,  it  is  one  of  the  internal  seeretory 
glands.  Pronoiineed  ehanges  Ibl lowing  its  removal  or  destnietion 
eannot^  however,  be  said  to  have  been  definitely  established.  If 
we  can  believe  the  assertions  of  tluise  who  have  sy steniatieally 
examined  large  numbers  of  these  bodies,  a  normal  gland  j.s  the 
exeeption  ;  thus,  Sehonemann  ibiind  only  27  normal  specimens  in 
110  eases,  and  O.mte  33  in  108. 

HypertropHy  of  the  hypophysis  oceiirs  in  cretinism,  myx- 
edema, and  aeroniegaly.  In  s<»me  of  these  cases  the  IwpTtnjphy 
is  due  to  tunror- formation  ;  in  others,  particularly  in  those  occur- 
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ring  as  a  result  of  removal  of  tht-  thyroid  gland,  it  appears  to  be 
compensator V,  or  mtht-r,  as  tlu^  funrtions  of  tliis  gland  and  the 
thyroid  cannot  Ir-  exactly  identical,  at  least  vicarious.  This  en- 
largement, often  af>art  from  tnnKJr- formation,  may  be  very  con- 
sidemble.  l)e  Con  Ion  reeords  a  case  in  which  the  hypophysis 
weighed  1.55  gni.,  and,  aside  from  an  apparent  proliferation  of 
the  epithelium-ecils,  was  normal  in  structure. 

Circulatory  Disturbances. — The  gland,  as  has  been  men- 
tioned, is  excessively  vascular.  It  is  possible  that  in  some  cases 
this  vascularity  may  increase  and  give  rise  to  a  trne  hijpereimUj 
although  it  is  difficult  to  be  certain  of  tliis.  Changes  such  as 
are  fcuind  in  the  thyr«jid  gland  in  exophtlialraic  goiter  have 
certainly  not  been  described.  In  ease  td"  pa^aive  ccmgedimi  re- 
sulting from  thrombosis  of  the  i-avernous  sinuses  intense  edema 
may  be  present.  Hemorrhage  m  tlie  gland  is  a  frequent  agonal 
plienon)cni>n.  In  theae  cases  the  blood -cells,  usually  normal  in 
appearance,  are  foun«l  infiltniting  the  conucetive-tissue  stroma* 
Hemorrliages  during  life  may  occasionally  occur,  and  give  rise 
to  small,  deeply  {vigmented  areas  of  softening,  which  ultimately 
form  scars. 

Inflattimation  is  usually  secondary  and  suppnmtive.  I  have 
<il>servcd  a  eiise  in  wliirli  the  anterior  lc*be  was  infected  from 
the  parotid  gland,  probably  as  a  result  of  Jiscending  infection 
along  the  retropharyugcal  lymphatics.  In  tliis  case  the  capside 
enclosing  the  gland  was  iullanied,  and  there  were  smatl  eolleetions 
of  round  cells  in  the  snbstati<"e. 

Degfenerations.— Intiltnitions  with  either  c*aI<-arB>us  mate- 
rial or  pigment  have  not  been  hitherto  destTil>ed,  The  degenera- 
tions, hmvever,  arc  numerous,  The  most  imjwrtant  and  frequent 
is  coUoid  degeneraMon^  the  colloid  material  being  foimd  in  the 
cavities  of  the  epithelial  nests,  or  even  as  small  masses  in  the  con- 
nective-tissue se|)ta.  This  may  be  looked  upon  as  almost  physi- 
ologic. It  seems  to  be  increased  in  those  conditions  in  which  we 
have  rccisiui  to  suspect  iiu'reased  functional  aetivity  of  the  glands; 
but  also  is  more  pronounced  in  eases  of  partial  atrophy.  Amyloid 
degeneration  occurring  in  the  hi  cm  id- vessels  has  been  observ^ed  in 
castas  of  general  amyloid  disease.  The  w*alls  of  the  blood-vessels 
frequently  undergo  hyaline  degeneration  in  old  age. 

A  sort  of  cheesy  or  liquefactive  uetTosis  is  also  observed  in  the 
center  of  adenomatous  formations,  and  is  probably  due  to  pressure- 
ncerosis,  as  a  result  of  the  limited  s|mee  in  which  the  hypophysifi 
is  placed. 

Infectious  Diseases. — Of  the  infectious  inflimnnations,  the 
only  ones  of  importance  are  trihercuhms,  in  the  form  of  miliary 
{uherch»s,  and  Hifphin>i,  in  the  form  of  gummatous  nodules.  Oeea- 
siunally  a  large  single  gumma  has  been  observed. 

Tumors   are    perhaps    the   most    interesting   and    important 
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changes  that  occur,  and  there  is  still  considerable  diiTerence  of 
opinion  regarding  their  nature. 

Oy8t8  are  very  common,  particularly  a  form  of  cystic  degenera- 
tion with  distention  of  the  follicles  by  colloid  substance.  These 
are  almost  normal  in  old  age,  the  only  interesting  feature  being  the 
atrophy  and  disappearance  of  the  epithelial  cells.  Teratoid  cysts 
have  been  described,  but  are  much  less  frequent  than  would  be 
expected  from  the  complicated  embryology  ol  the  gland.  Of  this 
nature  is  the  myoneuroma  described  by  White. 

Of  the  malignant  tumors,  the  only  one  hitherto  described  is 
the  sarcoma.  This  is  usually  round-cell  or  spindle-cell  in  type, 
and  apparently  springs  from  the  capsule  of  the  gland  and  replaces 
its  substance,  but  rarely  infiltrates  the  surrounding  tissues  or  gives 
rise  to  metastasis.  Cases  have  been  reported  as  lymphosarcoma  in 
which  there  were  numerous  collections  of  round  cells  in  the  alveoli 
of  the  connective  tissue  and  some  hypertrophy  of  the  latter ;  appar- 
ently, however,  no  other  lymphatic  organs  were  involved. 

Adenoma  of  the  hypophysis  causes  increase  in  the  size ;  the 
organ  remains  soft  or  may  be  slightly  indurated,  and  is  of  normal 
color.  The  resistance  of  the  bony  structures  that  surround  it  may 
cause  the  gland  to  assume  extraordinary'  shapes.  Microscopically 
there  is  proliferation  of  the  epithelium-cells,  which  form  long  tor- 
tuous and  sometimes  branched  tubes,  and  often  complete  atrophy 
of  the  ners'ous  lobe.  These  tumors  have  been  described  particu- 
larly in  connection  with  the  disease  known  as  acromegaly. 

Pathologic  Physiology.— The  relation  of  disease  of  the 
hypophysis  to  acromegaly  is  a  much  disputed  question.  In  all 
cases  that  have  hitherto  come  to  autopsy  the  hypophysis  has  been 
found  diseased  and  in  all  but  one,  enlarged.  In  view  of  the 
analogy  of  structure  between  the  hypophysis  and  the  thyroid  gland, 
and  the  certain  etiologic  relation  of  disease  of  the  latter  to  myx- 
edema and  cretinism,  it  was  at  first  assumed,  almost  without  ques- 
tion, that  acromegaly  was  caused  by  disease  of  the  pituitary  body. 
Many  cases  have  been  reported  in  which  there  was  disease  of  this 
gland  without  any  symptoms  of  acromegaly,  and  a  certain  degree 
of  general  splanchnoraegaly  has  been  obsers'cd  in  acn>megaly.  It 
is,  of  course,  possible  that  the  enlargement  of  the  pituitan'  is  sim- 
ply a  part  of  the  latter  condition.  The  thyroid  gland,  however, 
does  not  partake  of  this  change,  nor  do,  apparently,  any  of  the 
other  secretory  organs,  the  various  enlargements  being  usually  the 
n^sult  of  a  hyix?rplasia  of  the  lymphoid  tissue.  Neither  are  the 
changes  of  other  orgims  as  constant  as  those  of  the  hypophysis. 
If  acromegaly  is  the  result  of  disturbed  function  of  the  tnyroid 
gland,  it  is  probal)ly  due  to  excessive  rather  than  deficient  func- 
ti(»niil  activity,  for,  as  above  stated,  the  gland  is  usually  enlarged, 
and  pitnitary  extract  has  proven  useless  in  the  treatment  of  the 
disease.  In  theabseuee  of  definite  knowledge  of  the  results  of  ex- 
perimental lesions,  the  (question  must  remain  at  present  undecided. 
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The  Hypophysis  m  Aaomttgwlj. — Sane  Tvaent  saMfies 


I  Lewis  Urod  to  o.^nfirm  Hsk  dipe^^nr  lia:  ACTvoggah'  i^  doe  to  mn 
ezeesbiTe  fnoctioo  of  the  ccUokr  ekflKfii^  ot  dK-  eiajidiilar  lobe 
of  the  h jpoipiiTfis. 

Hk*  pre-enoe  of  a  lan^e  Kiimbtr  of  criii?  beivily  knded  with 
rnoolefr  iDdnie$  a  ^ffaLOi)  nmciiOBftlly  mon:  «etiv<e  tian  nonual. 
The  hisiok<^kal  feature^  in  IJewi^V  ci=4r.  e^fK^"tlI^^  thr  pne^^nce 
c^  ]Mr^  nambers  of  ^nj^Dophile  mell^  indicate  glandular  activity. 
Amoo^  47  ta?cs  ci:*ll€<^ed  by  Fcmirali.  in  whxh  the  t^isA  was 
enlar^^ed.  s<*me  kind  of  aan>.4na  was  ik^Hed  in  15.  bm  a^  the  clinical 
hi^ory,  the  dunti«>n  ^jf  the  disease,  and  the  al<<ence  ^f  metastases 
e!siabli?hed  a  difference  from  san>?cna  eiMrwhenr.  Lewis  thinks 
that  he  i«  jri^^tincd  in  assuming  that  all  the  ca?e^  reported  as  sar- 
coma are  in-Ftance^  ••!'  hyperplasia. 

Experinitrntal  rein«>\^  of  the  gland  an«l  its  tiestroction  by  neo- 
plasm. infecTi«>ns  pn^cesses  and  aneurism  d*»  d->:  prvJiKe  acromeg- 
aly, ^y  that  it  -evms  proper  t«»  assume,  jiuiging  fnnn  these  recent 
path« 'logic  findings,  that  acn^megaly  is  dept-iKlent  iip^n  excessive 
function  of  the  ^and  rather  than  les^en^l  activity. 

THE  PINEAL  GLAND,  OK  EPIPHYSIS  CEREBRI. 

The  pinesil  gland,  or  epiphysis  cere4>ri.  is  an  outgn>wth  from  the 
roof  of  the  posterior  portion  of  the  anterior  vesicle  of  the  brain. 
Its  base  is  .^lon  constricti-d.  and  it  is  finally  completely  separated 
from  the  primary  cerebnd  vesicle  and  encU«se%l  in  a  sheath  of  con- 
nective tissue  which  is  surrr»unded  by  pia  mater.  Histologically, 
it  is  foun^l  to  consist  of  scpta  of  ci:mnective  tissue,  dividing  it  into 
numen>us  alveoli,  in  which  are  found  epithelial  cells,  some  of 
which  are  branched.  It  is  verk-  vascular,  and  i^t.»ntains  a  plexus 
of  synifjtithetic  nerve-fibers.  The  glan<i  is  in  all  probability 
wholly  without  fiinetinn.  It  really  i>  a  hy|v^pla>tio  or  degenerate 
^•^'iitral  fy«-,  that  i-  nnK-h  better  devtlnjH-^1  i::  -*»me  of  the  reptiles, 
but  i'Mii^*A  to  exist  as  a  functioning  org-an  in  prehistoric  times. 

At  all  ajr^*-^  it  contains  small  calcareous  ot^noretions  (accrrii/ti*, 
hrnin'^ti,if1 ),  \vhi«-h  must  therefore  bo  l«K»keil  u|K»n  as  physiologic. 
It  is  <ornftini«-  eulargeil  in  aeromtv^ly  and  cretinism,  or  as  a 
result  of  a  hyjK-rplasia  of  the  epithelial  structures,  giving  rise  to 
nd^hOnintfAi^  or  tttrumonj*  foniuitionj*.  As  a  result  of  its  position 
it  may  in  these  conditions  occlude  the  veins  of  Galen  and  produce 
hydnK-f -phalus.  Pathologically,  aside  fn>ni  the  calcareous  infiltra- 
tion already  mentioneil,  hifnline  deyeiu  ration  of  the  blo<xl- vessels 
may  rn-cur.  There  are  usually  signs  of  injiammation^  more  or  less 
markf.*<l,  in  rases  of  meningitis,  which  may  even  lead  to  pus-for- 
mation. C>f  the  tumors,  the  most  imp<.»rtant  are  probably  «ir- 
f'omai/i  springing  from  the  connective-tissue  septa.  Adenomata 
may  also  rK'cur.  CyHiic  conditiom,  associateil  with  the  presence  of 
hair,  cartilage,  and  other  tissues,  have  been  described. 
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CHAPTER    XIII. 

DISEASES  OF  THE  SPINAL  CORD  AND  ITS  MEMBRANES. 

THE    DURA    MATER. 

Diseases  External  to  the  Dura  Mater. — Among  the  mi- 
nor prcK-essef^  that  niiiv  occur  c*  x  tern  til  ly  to  the  spinal  dura  mater  is 
fatty  inflltratioE^  sometimes  a.sstx;iated  with  gpneml  obesity,  but 
ocea8ionally  tbtiml   in  patient;?  that  are   moderately  emaeiated. 

Hemorrhage  mav  oeeur  on  the  external  snriarf  of  the  dura,  the 
blooil  l^einp:  fiiinid  distrilnited  in  the  extradural  areolar  tissue* 
The  usual  eause  in  t  ra  o  mat  ism,  I  >ut  it  may  also  oeeur  in  eonvulsive 
conditions.  Ordinarily  the  bloml  remains  eirenmscribed  ami  forms 
a  spinal  hematoma  ;  rjirely,  a  cyst  results. 

Diseases  of  the  Dura  Itself-^Most  of  the  pathologie  \mw- 
essers  are  secondary  tci  snnie  disease  of  the  %'ertehnd  column.  The 
most  important  is  tobercolosi.s  ;  this  gives  rise  to  external  tubercu- 
lous pacliyiuenmgitls,  elnirartcTizefl  by  a  eolleetion  of  eliee^y  ma- 
terial which  may  have  undergone  either  softening  or  neen»sis,  or 
elmi  contain^?  pns-crells.  The  dura  iu  the  at!ected  region  is  usually 
consi<lenildy  thiekencH],  and  may  have  u|»on  its  inner  surfa(*e  a 
slight  amount  of  exudate.  The  eliararter  of  the  lesions  i,s  not 
dit!erent  from  that  of  tubercMilosis  in  other  sijrons  memljranes 
(Fig,  357). 

FaohymeningltiB  cervicalis  is  a  localized  tuberculosa  is  of  the  dura 
mator  (xxairring  in  the  cervical  region,  and  churacterized  by  eon- 


fte,  857,— TuDerculouB  i>«LeUymcu{iiKlti«  secoiicUry  tu  apiiml  eade«. 

giderable  thickening,  sometimes  amounting  to  \  cm.  or  more.  The 
dura  is  usually  adherent  to  the  spinal  t^auul  and  to  the  arachnoid 
and  pia,  the  hitter  showing  more  or  less  involvement.  The  serious 
changes  consist  of  comj)ression  <jf  the  roots  and  of  the  spinal  conl, 
the  latter  especially  in  the  anteroposterior  din/etioiK  The  prrM/ess 
may  extend  into  the  sulistauee  of  the  c^u-d  aiul  ])rr>dncc  a  myelitis 
of  the  |ieriph<'ry,  and  occasionally  extends  (hvper  and  causes  more 
or  less  extensive  secondaiy  dcgeneratiruis. 

Of  the  acute  inflanujiations  the  most  important  is  internal 
liemorrhagic  pachymeningitis,  a  process  similar  to  that  occurring 
in  the  dura  mater  of  t!u»  brain.     It  consists  of  a  layer  td* gruimla- 
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tioii-tii>sye  in  which  many  of  the  capillaries  have  ruptured,  griving 
it  a  more  or  less  uniform  reddish  appearance  ;  it  is  somewhat 
irregular  in  outline  and  uf  varied  extent,  and  nut  infrequently 
adliebions  form  between  the  dnra  and  the  arachnoid. 

SypMlis  oecnrs  either  in  the  form  of  discrete  fr^mimata  or  as  I 
regular  an<l  diffuse  thiekening  of  the  inner  memlirane. 

TumorB  from  t!ie  spinal  canal  frequently  invade  the  dura. 
The  most  et*mmon  of  these  is  fiarvoina.  This  occasions  consider- 
able thickening  of  the  dura,  and  it  is  often  difficult  to  separate  the 
dura  from  the  sarcomatous  bone.  In  consequence  of  these  condi- 
tionn  there  may  be  pressure  antl^atrophy  of  the  spinal  cord< 

Tumors  of  the  dura  itself  mny  be  cither  Ijenign  i»r  malignant. 
Of  the  former,  iipomaUt\  wliich  also  occur  in  the  bmin,  are  the 
most  frequent.  Mm^onKfJa  and  fhromata  arc  exceedingly  rare. 
Sarcoma  may  be  of  the  round-4-ell,  angiomatous  or  alveolar  type. 
It  is  usually  irregular  in  outline,  spreading  like  a  fungous  mass 
over  the  surface  of  the  membrane,  which  exhibits  fibrous  thicken- 
iDg.  If  small  and  < occurring  on  the  anterior  asjTeet,  it  may  pro- 
duce no  symptoms  whatever.  In  this  situation  it  is  frequently 
secondary. 

In  a  few  rare  instances  melanotic  sarcoma  has  been  observed, 
Not  infrequently  a  granular  sixrctmiatous  mass  invades  the  cauda 
couina  and  iuii  It  rates  it  for  a  considerable  distance  downwanl. 
The  nerve- roots  often  fail  to  show  any  signs  of  degenenition»  and 
apparently  tu*  jiresKurr-syniptoms  arc  produced*  In  some  c^seaJ 
sarcomata  of  the  dtini  produce  proliferation  of  the  neuroglia-tissuei 
in  the  adjacent  portion  of  the  spinal  cord. 

Upon  the  inner  surface  a  variety  of  tumors  have  been  ob?>erved. 
Horsley  mentions  myxomata,  fibromata,  aircinomata,  and  sar- 
comata. In  rare  aises  echinococcus-cystis  have  been  observed,  and 
even  the  cyaticercus. 

THE   PIA   AND   ARACHNOID. 

CIRCULATORY  DISTURBANCES. 

Active  hyperemia  precedes  and  accompanies  inflammatorv' 
changes.     It  is  rarely  seen  post-mfjrtf^m,  and  in  the  majority  uf 
cases  its  cxistcufe  can  only  be  inferred. 

Passive  hyperemia  is  very  common — tliat  is  to  sjiy,  in  many 
oases  the  veins  of  the  pia  mater  are  found  to  be  tortuous  and 
greatly  distended  with  blood.  This  is  usually  due  to  post- 
mortem hy|x>6ta8is. 


DE0ENERATI0N5. 

Calcareous  infiltratiaii  sometimes  occors,  appearing 
Bmall,  hard  plates,  rarely  more  than  0.5  cm.  in  diameter,  scatter 
along  the  whole  length  of  the  spinal  cord.     It  it*  probably  alway 
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secondary  to  inflammatory  processes,  as  spinal  syphilis  and  tuber- 
culosis. 

Pigmentary  infiltration  may  occur,  but  is  rare. 

INFLAMMATIONS. 

Acute  inflammation,  or  acute  leptomeningitiSi  is  often 
secondary  to  cerebral  meningitis.  It  may  occur,  however,  inde- 
pendently as  a  result  of  local  suppurative  processes,  particularly 
those  of  the  spinal  column.  It  may  be  serous  or  purulent  in 
character,  and  in  the  latter  an  exudate  is  found  upon  the  inner 
surface  of  the  dura  and  in  the  subarachnoid  space,  otten  extending 
the  entire  length  of  the  spinal  cord.  The  microscopic  changes 
are  essentially  similar  to  those  found  in  the  membranes  of  the 
brain.  Involvement  of  the  cord  is,  however,  much  more  common. 
There  is  usually  extensive  round-cell  infiltration  in  the  anterior 
commissure  and  small  foci  of  round  cells  scattered  throughout  the 
gray  and  the  white  matter,  especially  in  the  latter.  Frequently 
these  can  be  seen  to  surround  a  blood-vessel,  but  this  is  not  always 
the  case,  and  it  is  not  unlikely  that  purulent  material  can  enter 
from  the  lymphatics  of  the  pia.  If  death  does  not  occur,  adhe- 
sions may  form  between  the  dura  and  arachnoid,  but  these  are 
certainly  exceedingly  uncommon  in  the  cord. 

Chronic  leptomeningitis  is  usually  associated  with  scle- 
rosis of  the  spinal  cord ;  thus,  in  locomotor  ataxia  the  pia  mater 
over  the  posterior  column  may  be  opaque  and  slightly  tnickened. 
It  may  also  be  consecutive  to  some  of  the  other  inflammatory 

Srocesses,  and  in  this  form  adhesions  may  be  found  between  the 
ura  and  arachnoid  {pachymeningitis  and  arachnitis  adhesiva). 
In  cases  of  injury  of  the  spinal  column,  such  as  fracture, 
caries,  etc.,  in  which  continuous  pressure  is  produced  upon  the 
dura  mater,  it  becomes  thickened  and  adherent  to  the  bone  and 
may  cause  pressure  upon  the  spinal  cord.  In  these  cases  there  is 
rarely  any  round-cell  infiltration  in  the  thickened  dura,  which 
consists  almost  entirely  of  fibrous  connective  tissue  and  blood- 
vessels ;  the  latter  have  greatly  thickened  walls. 

INFECTIOUS  DISEASES. 

Tuberculosis  may  occur  in  the  form  of  miliary  nodules  or  as 
small  cheesy  masses,  usually  extending  a  slight  distance  from  the 
pia  mater  into  the  substance  of  the  cord.  It  is  disputed  whether  an 
acute  leptomeningitis  without  miliary  or  cheesy  nodules  may  be 
caused  by  this  organism  alone,  but  this  has  not  as  yet  been  decis- 
ively established.  Solitary  tubercles  may  occur  in  any  part  of 
the  spinal  cord.  They  are  rarely  encapsulated.  They  usually 
consist  of  an  aggregation  of  round  cells  with  vesicular  nuclei, 
and  are  often  softened  in  the  center. 

Syphilis  appears  as  a  thickening  of  the  membranes  with  mul- 
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t^pie  gnwiffifTu  fi&OL  ptnjertme  mm  ^iy^  ^msaax  •jt  tfan^  «5iiEvi  *ir 
f^wivngftrt^  jxi  jmi  ixL^'^hnms  dbe  •&£&  nuiter.  TIib  vasiiiiliir  '*^t^Tc,'  i 
are  v^rj  duraiTCensOB :  oesiiy  ail  die  ^iu«)tl-7*?T3B4d&  «f!xiiibic  die 
trpuad  rnixiifi-«?f^II  firtfTtraritHi  anii  rtiirkffning  'ir  die  intxnui  wiiiek 
litve  h«!ea  'fescribtifi  in  die  -jegtnm  on  enArtegtar  Typhiirtii'a.  Tbefi^ 
ar^  also  a  perrvatHmlar  rniniii-^ell  innlEracxon  ami  -some  pEriIi&T»- 
cioa  of  diip  aiivenntxa.  Tbe  v^?im^  maj  al^o  be  invoLv^  Tbe 
Inatai  ot*  iMidL  jfHB'  *it*  ^^aeeb  s-  lumaQy  'ftjotiaetjeti.  ami  diei^  es-  a 
jcrcmt  remiencj  m  c&e  Armotion  of  chrrHnbL  la  die^ie  dirombt 
organfgaru>n  maj  taki^  plai!e:.  wick  die  ri»nmidi>n  of  new  bbi»Mi- 
v«ii>eL».  The  -zpmal  eocd  may  also  i^xiubu:  vacsmK  Lsimbk  «iiie 
esdier  &>  pp»«iiixr^  or  ti>  •fireec  exienkai>n  inward  &naL  tfae  pia. 
In  coo^bwsmI  ^rfbn3»  die  upper  part  of  tfe  ^mal  e«>ni 
appears  t»  be  mon^  in^^^eii  dun  die  bwer  pare  In  ^rpiiilicie 
Icpcoaienfntptig  c&ere  are  «>Ahi  exOHisi^ve  *Ji*2eiiecidi>as  tjf  die 
tnctji  in  dk&  «»rfL  These  inTi^i^e  portficoiarty  die  LuKxal  and 
pQscerii>r  4mlinnn&  ^'vine  rise  b>  a  eixnbined  sclervjis^ :  ami.  in 
adrfiofHi,  diere  »  'yAm  a  narrow  baai  of  fc{en>cn:  cbsrk  eneudxne 
die  <ori  ami  I  jine  immecfiateiT'  beneadi  die  pia. 

A3IATIMY  OF  THE  OMIOl 

The  H>tnal  ^ori  i»  coapnaefi.  j»  are  the  odusr  port^  oc  die  cmtral  aervixu 
rfxem,  of  zt%j  axui  wfidte  maner:  the  zraj  mac&er  *3cca:pjinm  thu  ceBCral 
p«rt.  aoii  zhft  whiz^  inaner  bisixi^  dBtnba£k*«i  u*jaiiti  is.  Is  ii^  ^if  Taryinc  sar« 
aouiewhac  bro«ii»»r  and  Ifaner  in  die  cerrucil  n*£i*^a  di;ia  «fi:^wii«re ;  usort 
rin^alar  in  die  'i^nol  reci*Mi.  and  Jgain  diicker  in  die  lambor  rmoa.  Is 
cnaiaiani«!at<»  widi  die  rest  of  die  boifr  ot  metimf  oc  die  spinal  n«rT«»w 
which  arli^  ;&nt<»riff>rlT  ^mi  pMCeriorir  a:f  r)i}C«^:  elras  Qrom  die  eerrieaL 
tv^^re  from  die  ^i^nal,  ^e  tiroai  die  lorn  bur.  ind  dve  ^on  die  ^anal  re- 
fill. I:  w  furroanried  bj  diree  membrane^ :  the  ptA.  i«iheraic  to  it:  the 
anu!hnoi«i.  aiihennit  to  the  pia.  bat  n«)C  dipptn-r  ia:-^  die  iJiteti«)r  fesare. 
and  the  dnri  mater,  which  i*  adhen^t  neitft»»r  :>  th-*  ani'hnoKi  nor  ti>  the 
vert.=rr.ral  '-»-/-a-T.n.  The  zrav  matter  i:*  .iiT-Mei  in:.:-  '^"  ports  bv  the  ante- 
r.or  ci'>rr.rr.:-'*?»nr-  Aii^i  oo>*tr^ri.;r  *^pciim,  frai-'h  part  -.-i :■::=•  is: :-ix  .if  an  anteri»>r 
horn.  A  ti-xi'^lf.  rorxri-iiA  masc^.  an-i  a  p«j«jteri:r  h-rn.  a  rl-rr--i-»n?r  pnijection. 
The  'A'erai  halT**  ar«* anit»rd  bj  the  grar  0'ainiis«?ar»*.  in  whi«'h  U  the  central 
canal  lined  with  •!Tib^>idaI  epitheliom and  ci>cidnuoc:^  wizh  the  ttxirth  rentride 
z'rj^tT'^.  ffi  thr  in:erior  comoa  are  ti>an»i  the  larr-e  muiapiDlar  gan^i«>a- 
ry,i*.  wr»'>e  ax:.— -ylinders  pa*?  •>at  thr>uzn  :iie  A:::cn'-*r  p»C5  and  end  in 
th^,  rc»iAr:.i>i» ;  f.orf.Tifrncing  in  ihe  'iorsal  z^zi-jii.  rhrn::  L?  a  zrvup  ot  cells  in 
ihfr  inrirr  p^^rtion  '^f  the  p»jeterior  horn,  near  :iie  rray  •,-i:aiini3«ire,  which 
ar^r  ^;p«i!ar  an- 1  wh'-jie  axis-cylinder*  pa?i*  ouiwa.^i  :.j  :he  cerebellar  tract* 
in  whioh  they  a-^.-eni  to  the  vermiform  prx*es:?  •:•:'  the  •.•erebelium.  The 
p'M^rior  TftfjV*  are  ci>mp»jHed  of  fiber?  tha:  Mrizina:*:-  ia  the  spinal  ganglia 
an^"]  pa.*-  into  the  cord.  Theae  !«pinal  zaazl:*>G-«>-ii*  have  a  single  procet$«, 
which  car^fnl  em-^ryologic  investisration  ha.*  sh'.wn  to  be  forme^i  by  the  fusion 
of  two  p^/Iar  pr'icej*rtes»,  that  hare  been  broajht  in  ontact  by  the  shrinking 
of  one  ^.Idf;  of  the  cell.  Thw  pr«>ce**  appears  :•»  divide  into  two  ilbeR.  one 
paj«*insr  outward  into  the  peripheral  nerve>  and  u-uaily  terminating  in  the 
iteav^ry  ^^/-/rpu.vrleH  of  the  ^kin.  the  other  pas^iDg  iuward  through  the  poste- 
rior f^K/t  to  the  .spinal  cord.  Lenhota^ek  believ«-s  that  the  peripheral  fiber 
repre<i^nt««  the  protoplasmic  proceM  of  the  ctril  which  n<>mialiT  conreTs  im- 
puU^  cellif>etally.     The  white  snUstance  of  the  spinal  cord  »  composed  of 
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bundle*  of  tierve-fibere  that  hnve,  for  llic  mos<t  part,  a  commou  function,  a 
common  mode  of  origin  and  of  terrainiition. 

Anatomically  the  cord  may  be  divided  into  throe  regions:  anterior,  lat- 
eral, and  poHterior,  although  thene  do  not  correspond  to  regions  embryo- 
logically  ai>4tinet.  According  to  the  mfiniier  of  development^  h  should  be 
■eparated  into  the  anterolateral  and  the  posterior  regions*. 

The  most  important  bundles  of  fibers  in  llie  antendateral  column«  are 
those  known  a.**  t\w  ptjramidttl  tracts^  tbr  the  rei^son  that  they  are  continu- 
ationa  of  the  pyramids  of  the  meiluUa*  They  originate  in  the  motor  region 
of  the  cerebral  cortex  and,  in  the  first  cervical  segnrent,  decuiw^'itc  through 
the  representfttiveH  of  the  anterior  cornua  to  reach  their  situation  in  the 
lateral  eolumns.  Thi.s  decussation  doe."*  not  uecur  in  all  of  the  fibers,  many 
paA^jng  do  wo  in  the  direct  pyramidal  cohuun?^  and  sonie  witliout  decusHation 
in  the  lateral  etdumn*;.  Tlie^e  undeeiis?^ated  fibers  subsequently  cross  to  the 
other  side  thrtmgh  the  anterior  or  white  eommis.snre.  The  fibers  of  the 
pyramidal  cohimns  terminate  in  arborizations  which  surround^  but  are  not 
m  contact  with,  the  ganglion-cell^  of  the  unterior  cornua. 

The  cerebellar  tract  has  already  been  described.  Anterior  to  it  and  close 
to  the  periphery  of  the  cord  is  the  so-called  antrro/affmi  column  qf  CMwerif. 
The  fibers  whicii  form  tbif'  probably  originate  in  the  lateral  groups  or  cells 
iti  the  anterior  eornua  and  in  the  cells  in  the  mi<ldle  portion  of  the  spinal 
eord.  The  column  inereai?e«  in  size  upward  and  degt-neratej*  in  the  name 
direction.  It«  termination  is  unknown.  It  also  eontains  fibers  that  degen- 
erate downward,  of  whose  origin  and  termination  we  are  ignorant. 

The  rest  (tf  the  anterolateral  column  is  composed  of  sbort  fibers,  uniting 
different  segments  of  the  spinal  cord. 

The  pwterioT  columns  are  composed  of  the  fibers  that  enter  by  the  po«- 
terior  roots.  The^e  libers  divide  into  two  l)ranehes,  one  ascending  and  the 
other  de^^eending,  tlie  latter  terminating  in  the  gray  matter  of  the  posterior 
horiK  The  iiscending  fibers  may  be  divided  into  two  grouj>s,  the  lateral  and 
median  bundles.  The  fiberY^  of  the  lateral  bundle  are  somewhat  finer,  and 
evidently  belong  emhrvologically  to  a  different  period,  because  thevacf^nire 
their  myelin-sheaths  later.  They  pas,i^  directly  into  the  zone  of  Lissauer, 
and  thence  into  the  sutwtantia  gelatinosa  of  Rolando,  and  sf>me  of  them 
terminate  in  arborizations  abont  the  ganglion -eel  Is  in  the  column  of  Clarke, 
The  fibers  of  the  median  bundle  are  coarser.  They  f>asH  inward,  then  up- 
ward along  the  inner  side  of  the  posterior  horns,  and  then  beeonje  the 
cohimn  of  Burdach.  The  median  finen*  from  the  lower  part  of  the  cord 
bend  inward  and  continue  their  course  in  the  column  of  (toll,  terminating 
finally  in  the  nucleus  gracilis  of  the  medulla  oblongata  The  fibers  tliat 
enter  the  cord  in  the  cervical  region  jta>«s  upward  in  Burdach'«  column  and 
terminate  in  the  nucleus  cuneatos.  Other  fibers  pass  forward  to  the  gan- 
glion-cells of  the  anterior  cornua,  and  have  been  suppfi«^ed  to  be  concerned 
in  reflex  action.  Others  decusuate  in  the  posterior  commissure  and  then 
pass  upward  in  the  posterior  colnmna  of  the  opposite  aide.  At  aoniewhat 
regular  intervals  they  give  ofi'at  right  angles  fine  collateral  branches,  which 
pass  forward,  and  some  of  them,  at  any  rate,  end  in  arborizations  about  the 
cella  of  the  anterior  cornua  of  the  gray  matter.  These  are  known  as  the 
reflex  collaterals  id  Kblliker.  A  small  portion  of  tbe  posterior  eolnnin  just 
back  of  the  gray  commissure  appears  to  be  comported  ol  fibers  uniting  the 
different  aegments.  Physiologically,  the  apinal  cord  may  be  ragarded  as  a 
BerJea  of  Buperim posed  centers  which  contain  cells  sending  or  receiving  im- 
pulses to  or  from  the  periphery;  and  bands  of  fibers  that  unite  these  centers 
with  the  brain.  The  functions  of  these  different  tracts  have  already  been 
discussed  in  the  Anatomy  o(  the  Brain.  An  important  function  of  the 
spinal  cord  is  the  accompli.*^hment  of  reflexes.  These  are  situated  in  various 
portions^and  according  as  these  portions  are  intact  or  involved,  the  reflexes 
persist  or  disappear.     By   mean*  of  the   distribution  nf  the  sensory  and 
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AfiiiOciAtkio  with  aiieimrplala[&.  It  is  intere^dng:  to  oo^  thait  tke 
spinal  ganeiia  ui^mllr  perast.  Rirtial  abb«oee  of  the  upper 
portUfO  occtirs  in  ca;ses  of  mneiiccphalT. 

Abnofmal  sniaHiieas  is  known  a::^  micioiiiyclia.  The 
cord  may  be  normal  in  structure,  all  the  elements  being  proper- 
tionatfrly  rF^oced.  but  more  commonly  only  certain  part?  are 
afffrct^.  particalarly  the  pyramidal  colamn:^,  as  a  resolt  of  fi^tal 
lemons  in  the  motor  tract. 

Doable  cord,  or  diasteiiiatoiiiyelia,  is  nsoatly  localized  to 
one  portion  of  the  cord,  particularly  the  lumbar  region.  C>i>ea- 
fifnoaWy  the  cord  is  completely  divided  by  a  bony  septnm.  In 
thL«  r:a.«e  the  gray  matter  in  either  half  presents  the  normal 
arrangement  of  the  gray  matter  in  the  cord. 

Untistial  length  of  the  cord  may  also  occur*  the  conns  ter- 
minal i>4  l^eing  in  these  cases  elongated  and  extendii^  to  the  end 
of  the  sarTTim. 

The  rpinal  root.^  may  be  excessive  or  defective  in  number  on  one 
or  lx>th  ffidr-^.  This  U:?ually  occurs  in  the  dorsal  region,  the  com- 
momf**t  condition  being  the  presence  of  eleven  roots  on  one  side. 

The  cord  may  be  asymmetrical.  This  usually  involves  only 
the  pyrami<lal  columns,  and  is  due  to  incomplete  decussation. 

Heterotopia  of  the  gray  matter  is  not  infrequent.  This  may 
cjiUriUi  of  doubling  of  one  of  the  horns ;  disorganization  of  one 
or  lx>th  horns,  or  fissures  extending  into  tlie  substance.  Accord- 
ing to  van  (^jiessen,  the  majority,  if  not  all,  of  these  cases  are  the 
result  of  injury  during  removal,  and  are  therefore  to  be  regarded 
EH  artefacts.  This  statement  is,  however,  too  sweeping.  Abnor- 
mal bundles,  prrxlucing  heterotopise  and  due  to  alterations  in  the 
medulla  or  even  higher  in  the  central  nervous  system,  have  been 
found.  These  appearances  may  also  be  produced  by  tumors  or 
other  conflitions  causing  pressure. 

Dilatation  of  the  Central  Canal. — The  central  canal  may 
bc»  dilatcnl,  (»ither  locally  or  throughout  its  whole  length.     This 
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condition  is  known  as  hydromydiay  or  hydrorrhachuSj  and  is  akin 
to  hydrocephalus^  with  which  it  is  sometimes  associated.  Hemor- 
rhage may  take  place  into  these  dilated  canals  and  gives  rise  to 
hernatomyelia  {vide  infra). 

Localized  collections  of  liquid  in  the  subarachnoid  spaces  are 
sometimes  spoken  of  as  hydrorrhachus  externa. 

Spina  Bifida. — There  may  be  imperfect  closure  of  the  poste- 
rior processes  of  the  vertebrae,  giving  rise  to  clefts,  which  are  known 
as  rachischigis.  If  the  menibranes  of  the  spinal  cord  protrude 
through  the  cleft  in  an  imperfectly  closed  canal  in  the  form  of  a 
sac  or  hernia,  the  condition  is  called  spina  bifida.  In  some  cases  the 
skin  is  still  present,  and  is  often  covered  by  an  abnormally  thick 
growth  of  hair.  In  other  cases  the  pia  is  the  only  membrane  that 
enters  into  the  formation  of  the  wall.  It  is  usually  thickened, 
and  may  be  covered  with  granulations.  Sometimes  the  dilatation 
evidently  takes  place  in  the  central  canal,  for  the  substance  of  the 
spinal  cord  may  be  recognized  adhering  to  the  inner  layer  of  the 
pia  mater.  This  condition  is  called  myelomeningocele,  Spinse 
bifidae  usually  appear  in  the  sacral  or  lower  lumbar  region,  ana  are 
probably  due  to  imperfect  closure  of  the  vertebral  arches. 

HYDROMYELIA  AND  SYRINGOMYELIA. 

Hydromyelia  is  a  condition  in  which  the  central  canal  of  the 
spinal  cord  is  dilated.  It  frequently  occurs  in  circumscribed 
portions  and  is  apparently  without  clinical  significance.  More 
rarely  the  whole  canal  has  a  microscopic  lumen  thnmghout  its 
entire  length,  particularly  in  cases  of  hydrocephalus,  although  in 
the  majority  of  cases  of  this  latter  disease  the  spinal  cord  is  not 
involved.  A  patulous  canal  can  be  distinguished  from  a  patho- 
logic cavity  by  the  fact  that  the  cavity  is  lined  by  the  normal 
cuboidal  epithelium  of  the  ependyma.  Usually  there  is  a  consid- 
erable collection  of  ependymal  cells  in  the  neighborhood  of  the 
central  canal,  and  this  is  more  apt  to  be  the  case  if  it  is  dilated  or 
(►therwise  altered  than  if  it  is  normal.  Occasionally  the  central 
canal  is  doubled.  This  rarely  happens  throughout  the  whole 
length  of  the  conl,  but  is  more  frequently  found  in  a  limited 
portion,  especially  the  lumbar  region.  This  doubling  is  due  in 
s(»me  instan(*(»s  to  the  obliteration  of  the  central  jmrt  of  a  dilated 
canal  with  its  long  axis  transversely  placed.  Sometimes  a  slit- 
like  canal  shows  a  dilatation  in  only  one  part.  Sometimes  the 
liuncn  of  the  canal  is  completely  obliterated,  leaving  nothing  but 
ru  mass  (»t*  cells  in  the  gray  commissure,  in  the  midst  of  which 
capillaries  may  be  observed.  More  distinct  pathologic  changes 
arc  tlic  diverticula  that  occasionally  spring  from  the  canal.  These 
seem  to  be  most  frequent  in  the  cervical  and  dorsal  regions.  They 
usually  extend  downward,  and  are  situated  posteriorly  to  the  gray 
comniissure.     It  is  possible  that  collections  of  epithelial  cells  trom. 
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the  ependynui  UDiltT  similar  firenmstances  may  form  masses  in  tin* 
pnsterior  cohimii  without  distinet  ojivity-fontiation,  although  this* 
is  doit}>tfuL  These  rhauges  are  paniculurlysi^iiificvint  on  aeetjunt 
uf  their  relaticiti  tc>  ilie  disease  kuowu  as  syriripjujyelia  (Fig.  358). 
Syxillg'omyelia. — Patholo<;ically  thii^  is  esseutially  a  cavity 
iu  tlie  spinal  cord  that  is  not  h'nt'd  thrmifrhout  with  the  columnar 
epithelium  of  the  epeudyma.  This  cavity  may  appear  a«  a  wide 
dilatation  or  as  a  narrow  slit.  It  usually  ocxnipies  the  posterior 
pjirt  of  the  cord,  is  exceedingly  asymmetririd,  Rimetimes  limited 
entirely  to  huc  sidc^  and  in  these  cases  is  ordinarily  fnund  in  the 
posierinr  horn  i>r  ou  its  inner  side.  The  i-ord  may  he  unaltered 
externally.  The  dura  mater  is  (*onmionly  normah  The  pin 
and  araehnoid  are  either  normal  or  else  thiekened  slightly,  the 
change  being  not  unlike  tliat  found  in  senility  or  in  eaBes  of 
chrtmic  edema  of  the  meml>ranes.  The  sha|>e  of  the  eord  may  l>€ 
entirely  uonnaL  This,  however,  is  rare.  Usually  there  is  some 
asymmetry,  and  freijuently,  particidarly  if  the  cavity  is  large,  tlie 
cord  upon  being  removed  and  laid  upon  a  flat  surface  seems  to 
cidlapse,  giving  rise  to  the  so-called  ribbon-appeanince.  Section 
through  the  cord  shows  the  existcuee  of  a  larger  or  smaller  cavity 
tiHi'd  with  tlie  produels  of  Hqucfaetion-neerosis,  cerebrospinal 
fluid,  or  else  more  rarely  with  l>l<HMk  Sometimes  it  apjK^ars  to 
have  been  empty,  in  which  case  the  ec»rd  probahly  wa^  collapsed 


Fig.  36H,— HydromyoUa  (gmrtly  dlugmmumUc}, 

in  the  spinal  eanal,  and  the  space  thus  formed  wa.s  filled  with 
cerebrospinal  tin  id.  The  solid  portion  of  the  eord  is  usually  some- 
what darker  in  color,  and  the  distorticju  of  the  outline  correspondH 
to  the  extent  of  the  process.  Tlie  portions  of  spinal  eord  nof 
involved  by  the  lesion,  ami  below  it,  commonly  show  more  or  less 
descending  degeneration.  In  the  portion  above  the  cavity,  if  it 
does  not  extend  as  far  as  the  medidla,  some  degeneratiou  in  the 
posterior  colnmiiB  is  often  found.     In  many  cases,  however,  both 
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the  ascend  i 


id  descen dine:  tracts  * 


ntaet ;  at  least  they  appeiir 
so  to  the  naked  eye,  Microscopie  examination  shows  that  the 
cavity  h  btinnded,  as  a  rnle,  by  a  delieate  rcticidum  of  neuroglia. 
Sometimes  this  is  lined  with  what  appears  to  be  eortnective  tissue, 
and  is  suppTstHl  to  be  an  inc'bisi*>n  of  the  pia  mater.  At  other 
times  it  is  lined  with  ependymal  epithelium  ;  oet:a,s  ion  ally,  as  hm 
been  previously  mentioned,  it  may  contain  bhxKK  The  tissue  in 
the  neighborhood  is  ui^ually  hyperplastic;  ni-uroglia.  The  fibers  are 
coarse  ;  the  cells  are  sometimes  swollen,  sometimes  shrunken,  and 
show  various  signs  of  eommeneing  degeneraticm.  They  may  be 
numerous  or  few.  The  eoixl  in  the  immediate  neigh ljt>rIiood  njay 
show  euriously  faw  changes,  the  ganglion-t'ells  being  perfectly 
normal  and  the  fibers  uninjured.  If  the  cavity  is  extensive  and 
the  proliferation  of  the  neuroglia  considemljle,  this  is  not  usually 
tlie  case.  An  entire  posterior  root  may  be  destroyed,  or  ]XTliaps 
half  or  more  of  the  s{>inal  cord,  and  the  nerve-fiters  in  the  neigh* 
boring  columns  will  be  extensively  degenerated  ;  in  these  eases 
secondar}'  degeneration  always  occurs.  Not  only  the  pymmidal 
tracts^  but  also  bundles  in  the  posterior  columns  degcncnite  down- 
wartl.  In  a  ease  that  I  have  studied  the  coma-tract  of  Sclndtze 
was  beautifully  outlintxL  The  nerve-roots  are  also  usually  involved, 
and  there  is  deseending  degeneration  along  the  anterior  roots, 
whieh  may  be  detected  also  in  the  nerves.  The  posterior  root** 
may  show  some  degeneration,  but  this  is  rare  and  the  cells  of  the 
spinal  ganglia  are  usually  intact.  Sometimes  there  is  considerable 
vascular  prulifenition  in  these  portions  of  the  coixls  not  ntdike 
cavernous  change.  Atyjjical  fonijs  freipiently  occur.  There  may 
be  extensive  gliosis,  with  small  or  ni>  eavity-f*)rmati(*n  ;  or  the 
cavity  may  be  extensive  and  the  proliieration  of  the  neuroglia 
slight.  Occasionally  the  cavity  may  communicate  with  the  dilat^nl 
central  canal,  a  condition  that  has  given  rise  to  the  supposition 
that  it  is  originally  due  to  some  congenital  malformation. 

As  syringomyelia  is  particularly  a  disease  of  tlie  central  por* 
tion  of  the  spinal  cord,  the  libers  that  convey  pain  and  tempera- 
ture-sense are  essentially  involved,  and,  as  a  result,  one  of  the 
characteristic  changes  is  the  dissoeiatiou  of  sensation- — that  is  to 
say,  persistence  of  tactile  sensation  or  t  her  mo-anesthesia  and  anal- 
gesia. In  addition,  as  the  <'ells  of  the  anterior  cornua  are 
involved,  there  is  degeneration  in  the  muscles  that  they  sup[4y. 

Ah  tlie  frrt^at  majority  of  all  the  cases  of  *<yringoniyelia  are  aaaociat^d 
with  hyperpb-'^ia  of  the  neurojtrHar  tis^^ue  of  thi*  apirjal  t*onl,  it  is  necessary, 
in  nrder  to  understand  the  various  theories  that  hav«  heen  suggested  to 
explain  h^  origin,  to  hrieHy  cfm-sider  the  113 ore  recent  investifratioijs  in 
regard  to  this  ti^^ue.  It  i^^  now  established  that  it  is  ectodermal  in  ori- 
gin»  anJ  due  to  a  proliferation  of  the  ependymal  cells  lining  the  central 
canal  of  the  spinal  eord  and  the  ventricles  of  the  brain.  In  the  cord  these 
cells  elongate  radially^  and  the  nuclei  show  acti\*e  karyokinesia^  continuinp 
to  proliferate  until  the  neuroglia-cells  are  found  in  all  parts  of  the  spiaaJL 
cord.     The  cellsi  lining  the  central  canal  and,  in  the  human  c^ird^  grouv*^''^'^ 
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crik  IB  ite  ImmiB&aot  BHekborinioiL  Rmam  cabMal  m  s&dipe.  ami  are 
ipoken  of  as  ependyval  ceOsL  Tbaw  ceCs  dyrminc  ?iie  coniuettlte  timnt 
flff  die  oerroiK  fjsceai  uc  ciHe*!  i^ttrfMrytm  Iz  «k  mmiierix  iuppowd  dias 
Ae  ibroiK  portioa  ofih^  nean^iaLwmniw^  tt>  che  interliftdai^  oc' dije  BiUKr- 
oa»  ruiiatfng  profi^puaauc  proce9»»  oi  dut  laBer:  ;iIth*KicbL  BanTier  and 
Chaslin  bad  bock  :iaBpecfied  cbsis  cb«liber»w«re  imiepeibienc  of  cbe  ceils. 
Saee  Ibe  introdiiecwa  of  cbe  Wc^cert  mad  die  MaII*>rir  n*^Tiffliy  Mrtfimfc,  it 
appesn  certun  tbac  in  tbe  bmnn  coed  at  Uewc  die  s«arQ^iu-dbczs  im 
a  Becvork  iadepewimc  of  die  ■eonifXcfc-ceflHw  In  r«>card  tt>  tbe  ocirm  of 
tbgjenlla>h  »  hoc  certain  dias  dieyaUdereitfpdirectiyDroiBdheepeBJiMA; 
iadecd.  it  b  verr  likelT  dias  tbe  amucitea  Bar  coeiBseivB  revride*  for 
obKfTadons  baTe  been  made  aad  tcporttd  m  wbich  dhfir  ■■rhi  eoBftanaed 
kanrokiiiedc  fieareft.  Moreovo-.  die  Ecpetted  pcoiiferatioa  of  die  acoro^Ua 
IB  cases  of  injarr  co  die  ceneral  iienwfe  jT^tem  in  :Hcaafiioiis  £ir  mnoved 
frooA  die  primhiTe  epeadrBa  woofai  be  anargnmenc  in  ffc^or  of  din^  riev. 
Fttbolo^cally.  Tano«»  incenBtZBg  tbeoras  bare  been  5iis;«»ced  to  aecooBt 
for  tbu  apparendr  idiopadiic  proliiaasuxi  of  die  neopjctia.  Lenboeaek 
belieres  diafi  besdei  dienLllTfonedaatriJCTtesodieriiean?eiia<el^  leoiaiB 
diioc^boas  life  in  a  wrt  of  lafienc  coodxfioo  an*!  repnneoc  saperihMMBs  ele- 
■CBCa  formed  during  cmbfTooal  exisseBce.  Hweae.  be  belieTesw  auT,  imder 
certain  ciraimstaiicesw  cooiflieBce  to  proliferate  and  ziTe  riise  to  glsoi^  A 
certain  am«xmt  of  nefuogiiarprolxferadoBapfmr^  to  be  normal  intbeBeig^ 
borbood  of  the  central  canal  of  die  biuuB  spinal  o^riL  and  bA$  alieadr  been 
described  in  the  discvaRoa  of  bjdzoBiT^lia :  in  moie  coc^  it  max  reBch 
a  ¥erT  excreme  degree,  often  caoBing  obliteration  of  the  central  caaaX  viiOMe 
place  tfr  then  taken  by  an  incgolar  groap  of  cellsw  in  the  niKfet  of  wkich 
biood-Teseeb  mar  be  foond.  Of  the  Tarii>Qs  theories  that  haTc  been  9Qg> 
rated,  the  iii*W  important  i»  that  of  Irmphativ-  or  TenoQ»  coocetstit^ 
based  opon  the  general  dilatation  of  the  pertT;fe$ctdar  updoes  in  all  ii»tBBc«» 
of  glioetsw  CB$e».  howerer.  do  occur  in  which  this  dilataci«>n  oi  the  IjBiph- 
ftpace»  does  not  exist.  A  m«xe  videiy  sspported  theory  ks  that  of  coiueiutal 
<b»Iocadoa  of  <ome  of  the  ependymal  mk  of  die  central  canal >  either  is 
the  form  ol'  dirertictila.  or  a^  $i>Iki'pliigSw  or  »  whoLl j  separated  cariticak  In 
many  of  the  ca^es  of  syringomyelia  soch  ependymal  cells  axe  foond  lining 
the  abnormal  carity.  and  Id  soone  caeea.  a»  has  been  !«tated.  the  syringcK 
myelic  carity  commonicatcs  with  that  of  the  cencial  cazaL  AccofiiiBg  to 
thk,  syringom jelia  »  only  a  pronoanced  modi&^cioc  of  hydroBiyi^ia^  This 
theory  is  particalarly  >opporte«i  by  Hoifmann,  who  •iraws^  a  distiBCtion  in 
the  hy]:»?rpli*ia  between  zli'jsi*  an«i  a:::- -aiat^^U :  the  ti>nner  represenling 
proiiferi:i'--n  of  the  epen»lymal  celU.  and  the  Utter  be irz  a  neoplasdc  forma* 
tion.  giTinz  ri*e  to  elongated  tumor*  with  increase  :a  the  siie  of  the  spinal 

S^hl-f^inzer  al-^D  belieres  that  the  hrperplasia  c-cixences  in  the  epen- 
dTTiLil  relX  in-i  rhit  congenital  anomalies  play  a  Idrpe  part  in  their  etiol- 
frjj.  r^axrr  sngirests^  that  the  neonDglia-cells  miy  hare  retained  some  of 
their  embryol-r-jio  pp 'parties  an«i  be  capable  or*  pn:*.::e raring.  Weigert.  wh«> 
dL*beI:eTrs  emphatically  in  the  theory  ox  sottenin^  •:■:*  :he  gli«*is.  :<«gge^ts 
that  the  r'i'**i5.  if  it  eii*t>  at  all.  i*  po«s<"ibIy  ^ev'^-'^'iary.  Am<?ng  the  other 
the«>ne-i  ar-  th'>^  of  softening  after  traiicji::>ni  ..  r  the  result  of  angioma- 
lou*  •ie^re^i-rati-n  ••:  the  bi'»i-ves*eU.  Gerlaoh  has  reported  a  case  in 
which  th-r  ..^v:ty  appeared  to  be  lined  with  pia  rioter  ^t  is  certain  that 
in  the  zr^at  maj«'rity  of  oases  there  i>  true  pn>'Lr"-'a::-»!i  '^f  the  neorciglia* 
tisefUrs.the  cell*  being  increased  in  number,  and  the  r  r^r*  v>.vir«erand  forming 
a  wide-rceshr'i  netw.-.rk  around  the  canal.  A  tn:e  rLi'^oiatous  formation 
may  aL?*-i  'xxar.  and  it  i*  not  unlikely  that  syringomyelia  b  rather 
drome  than  a  pathol-vgic.  or  at  least  an  etioL-j^ic,  entity. 
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DISEASES  OF  THE  SPINAL    CORD   AND  ITS  MEMBRANES: 
CIRCULATORY  DESTURBANCB5. 

Diseases  of  the  walls  of  the  blood-vessels  are  similar 
U)  thosii  <i€L'urriiig  in  the  l>!fKj<l- vessels  ui'  t\w  uHit-r  [mrts  of  tlie 
body.  Exteiisivt:  atheromatous  changt^s  are  relatively  rare.  Per- 
haps the  most  frequent  disease  h  hifalinr  fki/eneratton.  Hyal- 
ine degeiieratiou  is  exceedingly  common  in  causes  of  sclerosis, 
and  may  0(;eur  in  early  liie,  even  in  child  hood.  It  is  almost 
iiivariaijly  present  in  the  cords  of  persons  dying  after  middle  life. 
KoundH-ell  infiUration  of  tlic  intima  (atdarteritiJi)  oecurs  in  syph- 
ilis^ and  also,  though  less  frequently,  in  tiibereulosis.  Fibrous 
thickening  of  the  intima  and  proliferation  of  the  connective  tissue 
of  tlic  adventitia  are  c<jmmon  senile  changes. 

Attention  has  lieen  recently  dircH.^ted  more  particularly  to  these 
changes  on  acc<JUTU  of  the  suggestion  by  Redlieh  that  they  are  the 
anatomic  basis  of  paralysis  agitans.  According  to  him>  the 
characteristic  changes  are  endarteritis  and  periarteritis,  with  exten- 
sion of  the  latter  prtK^ess  into  the  surrounding  nerve-substance 
and  the  fi*rnuLtion  of  perivascular  insular  scleroses.  In  addition, 
there  is  often  some  degeneration  in  the  |M)sterior  columns,  and 
occasionally  in  the  la  tend  columns  in  tlic  cervieal  and  hmibar 
enlargements.  The  vasmdar  changes,  cnrionsly  enough,  ap[>ear 
to  be  more  severe  in  the  jvosterior  horns  than  in  the  other  partii 
of  the  cord,  and  amyloid  bodies  are  nearly  always  present  in  these 
regions.  However,  in  examining  the  cord  <>f  a  typical  case  of 
paralysis  agitans  I  failed  Ut  find  these  lesions,  while  in  another 
case^  equally  characteristic  clinic^illy,  th*_'y  were  quite  pronouncetL 
Furstner  has  also  reportefl  a  case  of  pamlysis  agitans  without 
spinal  lesions.     Kedlich*s  views,  tlierefore,  are  prol>ahly  incorrect. 

3fifiart/  anfmrifmnti  are  very  infrequent  in  the  spinal  cord. 
Aneurysms  of  the  verteljral  arterif^s,  however,  sometimes  involv- 
ing the  commencement  of  the  spinal  branches,  have  been  reporteil, 
but  are  rare. 

Amifloid  degmeration  is  found  in  cases  of  general  amyloid 
disease. 

Active  hyperetnia  of  the  spinal  cord  is  rather  a  clinical 
hypothesis  than  a  |*athologic  entity.  Oecasirmaily,  however,  the 
ffTiiy  matter  seems  to  be  slightly  darker  than  nr>rmal,  and  there  is 
rather  fr^e  bleeding  from  the  vessels  eiit  transversely.  In  nmny 
cases  of  myelitis  the  arteries  arul  capillaries  may  be  foimd  dis- 
tended with  blood. 

Passive  hyperemia  is  more  readily  detected  in  the  veins  of 
the  membranes  tiian  in  the  cord  itself. 

Anemia  is  an  important  and  tiasily  recognized  condition. 
Ex  peri  mentally  it  has  frequently  been  produced  by  ligation  of  the 
abdominal  aortu*  Cases  have  occasionally  occurred  in  human 
beings  in  which  this  vessel  was  occluded  by  a  thrombus,  giving 
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ty^  121  <*iiiiilar  '!fianiE»Sw  Tlie  <fipL  inite?  ^aeae  *:iP!mmgcuny?w 
i»  «ni>wiia£  ^W'^iLau  pale,  ami  ^icr :  3i>c  in  Ji'abiy-  Eiowpir»r.  g^r 
qcm  hxT»^  i>?«i  ng»]r!2ii  in  wiueii  aiiLTh^ArtipuallT"  it  was-  •fanrri.y 
ODRiLiL  T!ie  nng*^iHi--<t!iL?.  paniraiariv  :iif&«^  ^c  diti  inD»n?r 
cnraoa.  ir»  amrec  fednKriy  jifiet!fae«L  Titt^  -ixfiibn:  isnaZy  rb«» 
c&asKGerifccic  liescm*^  ot  <:iiiv>imiL'v^  'hi^^ni±^int)tL.  Tib*  pcT*a>- 
plaanii!  pm«es=«»  hmctymn  ^rxnt^jne  uii  ?fii}rsnM.  uui  die  3ixi:Ieii& 
ma?  he  HCnaT&ti  ic  tiu;  perfpiii»rv-.  !*iniilar  -.'iuuus*!-!^  aza^  -h-tut  in 
octer  pt>rdoiisi  /t  die  »!i>nL  bar  ar^  -txrt^^iin^Ij  cir«-  pttrtLj  -la 
Mmnnc  it  die  i»ft  ulalICOlm]lS^  ot  die  i:o>}«i-^n»a5eL?.  p*rdv  fc«*« 
<aiiee  nL  i:*  romecine«  hxippesb^.  dLr«}inbi  at?  5inn«^i  in  die  vert*!- 
bcal  arT«*r!e*-  -ieadi  tiectir^  beD>ri»  •■luirai.'&rTirCc  rnsuuE^  Iiavi*  bati 
cme  Vi  •le^'tii/p. 

VjxicottC  TciB&. — CtttfcaoimllTr  i  xr^op  .jt  ^w-^et-  in  •-^iw 
pan  •>€  die  •piasil  i?i>ri  wiH  be  •iiLiu*i  aa«i  v^Lr!»n?ee.  s^raiin^  a. 
<u'jr?  ot  ptexrT'jrai  aair»>oisi»  A  •!oiuirdi:a  -c  dxrV  kfini  ba^  be«n 
desHrrlhefi  bj  Etirngftr.  In  dibf  tsisse  die  vrk^^rular  plexIfi^  bad 
eviiaicLj  'ieT-iifipeff  :50iiie  nme  aiKr  bcrdu  5:c  dierv  wtis  ?«?ciie 
dii>tr^nen£if:'a  ot  die  sarrrMxndizur  nercv-eobt^Ciiic-e.  ami  die  patient 
Iiad  pr*seiiii»ii  •Bsdnct  i-Iinical  ?yTnpt»:-nfc*  -.^t  p«r?*ar«  in  die  tipper 
pan  ''^c  die  '^ori.     Similar  amc&^ma&Mxs  5>rmad«  Q2^  ar?  cnei^^aead j 


_        may  be  ot   vw*y  iiinis- :    :>H/»*.ff^<?   ami   tie*- 

Pwrtatp  ^iBoii^ifii  app  really  m:'di::!;r  bet  pter^'aplilary  exu- 
ditioa-?  ot  bi»»i-*?elLr.  which  can  nsuiily  :>»  dL^dn^tzi^iked  fir«Hii 
rhe  drop-  ''C  t>l«»i  diar  r*:>rm  ar  die  cr»:t?6-r*e^:r"  -c  •>f  bl*  *>l-ve?6els 
by  di*r  Slot  Tta:  d>ry  '."anm-c  be  wacijed  .>tf.  I-  L-  pr^.-biible  that. 
if  'i^idi  'i'-rT  n«>c  •xt.'nr  ac  r-oiTe.  thtry  arv  :n  rr*:-j^:  rurt  afc*?orbe*l, 
I«=^v:r.,r  c*-rr^c*r  i  !zi:nT:r  -j^^r  rfia:  2:^7  b*^  r»:-j)ii:Iy  •^vtri«x^<?iL 
Tr.f^^^  z.\'r,~'-r  'r>rr,  ■rrh.-ige?  ar»r  pertiarr'  z:  rv  i.*  ciz:«  c  ia  the  e'er- 
vy-ji!  r^-ji-  r.  "bi-  -!'i*-Ti-r.-r«r.  Th-ry  ir*^  :*  j:z*\  ir.  :r.*e  «:•  -irje  of  io- 
tVtiv*>  ii-^Li--.  ^<irr!':G-ariy  :b;r?r  d~-T:=^  -birJiy  :h»r  nervoas 
-y<r-r.-..  •".'  h  1-  Trtdni-. aa«i  T-ipe^.^ijI'y  hy  :"•:?.•  rii.  Sciall  ag'-ruil 
h*=:r:..  rrr^ir--  :-:•  :hr-  -rir^ran«>r  •>:  :hr  -i-ir-il  ••  ri.  ixirtioutariy  in 
rh»r  r^j:  r.  :  rhr  >r.:nil  •^tiniil.  ar»^  r-  :  ir.-  -:r..  r..  « Vx-asionally 
rh-=-^  '.;:;■  '-  '.>■'- le  :••  :h*r  r-iLke^i  "-y-r :  :i".-^y  ii*^.  .■:*-.'t.rir^*,  t«.»  K? 
«i !  -•  :.  r' .  ^  - '.  ^  i  -V  :r.  ar^rr-tn*:-  rtr m  •  hi r.  ^r^  -^  v  : >  -  t>.  -^i la r  t»>nn  of 
rr.-^  r. .  ••:->-!-  ir.-i  ir.-:  a-rrec'-t  •.•:'  r-'--*:-:  ijr-- r:.  Th«ry  arv  only 
:rr,r-  r/i..*     r.    i=ii  -;n:  of  th-  r»>*:?:b:l::y    :*  :l-.-::r  b^in^  mi:^taktn 

ICaasiT*  bsmctrhafes  may  b^  inf/.rr.i:::*^  r  ■  :n"c;m'=«:riU:d-  In 
th^r  f'-rm-^r  •r.r:  "1  •*!  :*  foan*l  b-^-tw^-r.  :h-  r-r'.— nKr^  arnl  in  the 
ni*-r>-  :*  ::.-^  r.-  :r  c'iik.  Th*^-  n«^^^rv^--  :;  -rar.  -  i-  U:^  .rally  mon*  or 
U^'  ^i-v:-:.-  rt-'-^i.  ,-ir.-i  :h«r  le-ir.n  '■•rr- -:•"«:-  :ir..»:oniiv'ally  to  th^- 
h^tTnoirhii^-i':  infift.  Cireum^orlvd  i.^m  ■rTha;je<  are  usually 
rni£ii[  w.vrr;  '  r:i^<irv:ti  :••  th«:^5e  in  :hr  hr^ic,  a  oirvtimstance  doe, 
of  ^r'Kir-r^.  t'»  vh-r  nir-tricie*!  ane:i  in  whioh  :hnrv  can  occor. 
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The  mo8t  CMjmmon  oausc  of  this  form  of  hemorrhuge  is  tnm- 
matinm,  and  it  may  HonK'times  oreur  m^  a  rf^Milt  of  concussion 
without  fracture  of  the  spiniil  eoIumiK  Hemorrhages  may  also 
occur  in  persons  with  iliseasctl  arteries  as  a  rl^stllt  of  vioh-ut  effort 
or  emotional  distyrlmuce. 

The  clots  are  usually  irregularly  oval  in  outline,  and  are  often 
surrounded  by  hyperplastic  neuroglia,  \i\  the  midst  of  whieh  are 
found  compound  granular  cells,  and  more  or  less  degenerated 
nervous   tissue. 

In  the  later  stages  the  formation  of  fibrous  tissue  is  apjiarent ; 
capillaries  may  also  be  found  bending  into  the  substance  of  the 
clot,  which  eventually  is  absorbed,  leaving  a  se^r  that  nearly 
always  contains  souie  pigment  surroundcil  by  coarse -meshed 
neuroglia-tissue.  Rarely  the  pigment  is  absorbed  and  a  cyst  re- 
mains, Oeea>iionally  the  hemorrhagic  fi>cus  is  restricted  to  the 
gray  snhstauce,  the  blood  being  Ibund  in  cylindrical  masses. 
This  armugement  is  due  to  the  fact  that  in  normal  cireumstanees 
the  gray  matter  is  softer  than  the  white,  and  otV^^i-s  less  resistance 
to  the  extravasatifm  of  the  blood.  In  this  ease  the  infiltnited  area 
soon  becomes  filled  with  granular  cells,  the  nerve-fibers  degener* 
ate,  and  crystals  of  hematoidin  appear* 

Hematomyelia. — If  the  central  canal  is  dilated  and  contains 
blmMJ,  the  condition  is  known  as  hematomyeha.  This  may  fM'cur 
^<  the  result  ivi'^  tmumatism  or  as  a  result  of  some  vascular  de- 
gene  nit  ion.  The  latter  form  is  occasionally  associated  with 
syringomyelia,  and  is  found  most  frequently  in  the  cervical  por- 
tion of  tiie  cord.  If  the  hemorrhage  oceurred  some  time  before 
death,  the  only  tniees  that  persist  will  be  discoloration  of  the 
ependyma,  and  perhaps  the  adjacent  tissue.  Hemorrliagc*  may 
also  occur  iluriug  tlj<'  death-agony,  in  which  case  the  central 
canal  may  cither  be  filled  with  normal  bluod-cells,  or,  if  it  is 
at  all  dilated,  there  will  be  a  thin  layer  of  blood-cells  upon  the 
snrfiice.  The  mo^t  common  situation  is  at  the  point  where  the 
cxmtral  canal  ojx-ns  into  the  fourth  ventricle. 


INFLAMMATION. 

MyelitiSi  in  the  strict  sense,  is  a  term  signif}nng  an  inflam- 
mation of  the  substance  of  the  spinal  corfL  Acf:ording  to  this 
view,  it  should  be  limited  exelnsively  to  forms  of  spinal  disease 
secondary  to  hematogenous  infection,  extension  fnun  the  pia»  or 
possibly  extension  froui  the  central  c^inal,  although  the  latter  can 
he  dismisse<l  as  an  unknown  vjiriety.  The  name  has  been  used, 
however,  to  signity  any  ff»nn  of  softening  that  may  oc<"nr,  whether 
it  be  produced  by  injury  i>r  disease  of  the  spinal  column,  by 
tumors,  or  by  poisons  circulating  in  the  blood.  It  has  also  been 
applied  to  seconilary  (*hanges  the  result  of  aieningitis  and  to 
obscure  lesions  that  either  commence  with  a  proliferation  oi   *^^- 
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neuroglia,  or  as  a  primary  degeneration  or  atrophy  of  the  ner\'e- 
suhstanoe  and  secondarv  increase  in  the  neuroglia-tissue. 

AiH^onling  to  the  distribution  of  the  lesions,  myelitis  is  spoken 
of  If*  circumscribed,  transverse,  or  disseminated.  Older  writers 
were  accustomed  to  distinguish  between  those  forms  which  were 
found  onlv  in  the  white  matter,  those  found  only  in  the  gray  mat- 
tor,  and  tlic  diffuse  forms.  The  first  were  known  as  leukomyeli- 
tis^  the  second  as  poliomyelitis,  and  the  third  as  diffuse  myelitis. 
Several  varieties  may  be  distinguished  by  the  pathologic  character 
of  the  lo^iiions. 

Hamatogenons  Pnmlent  MyalitiB. — As  a  rule,  the  membranes 
of  the  brain  are  also  infected,  and  show  the  characteristic  ap- 

C'amnivs  of  acute  leptomeningitis,  with  subarachnoid  accumu- 
lions  of  nus  and  injection  of  the  vessels.  Cross-section  of 
the  iH>ni  snows  here  and  there  small  reddish  or  yellowish 
areas  distributeil  irregtdarly  throughout  the  cord ;  in  lonei* 
tmlinal  solutions  these  usually  appear  as  streaks  following  uie 
iH>urs<*  of  the  bUxxl-vessels.  The  cord  often  seems  to  be  softer 
ami  may  U^  darker  than  normal.  The  microscopic  changes  con- 
sist of  aivumulations  of  pus  in  the  pia  mater  and  distention  of  the 
v^^ssols,  the  pn^si^mv  of  a  jH^ri vascular  nnind-cell  infiltration, 
slisirht  dt^^noration  of  the  nervous  tissue  in  the  neighborhood  of 
the  Unions,  and  altemtion  of  the  neun^lia.  which  may  show  some 
KH\!«nnu^ss  of  its  fiWrs.  I'nU^ss  the  pnvess  is  advanced,  with  the 
fortnation  of  alvkvsscs  of  ixmsidorable  size,  or  extensive  vascular 
ohaiu^\  the  tnjo  nervous  tissue  not  in  the  immediate  neighbor- 
hwxl  of  tho  t\vi  is  but  sliirhtly  alteryxi.  l>nHnarily.  however, 
aU^^ntivM^s  may  Iv  s^vn  in  tlu^  gansrliv^n-^x^Us,  which  consist  chiefly 
^xf  imv*" rarity  in  the  amn5:^*nH*nt  of  tin  ohrvmi  >philio  bixiies  and 
}vrlw:>ei  ><nuo\\hat  diffuse  siaininc.  Sfc-^uld,  however,  ganglion- 
\v'ls  ',:-.  .'.^  !:.«^  tv.i^ls:  of,  or  \tr>  o'.v^  :. .  th-v  vi:n:!ont  focu-»,  they 
shN^^>  ,s  >^"\ir\'r  :y:v  ot'  diy^iursv-.r.  ^-.v.  .  ::t n  haw  k>?i  their 
vrv":,^y*A>:v.  V-  yr>x\>5^^  Ir.  :!:t>^  ».>;><<  r.v.v'r>-.  :^r.:>ms  are  not 
iv^tVa:  ,.;:i:S  :>•.::>.:,  Ir.  r^^r,*;  rxrt-  :r.>:airiv>:">  :r.t  changes  in  the 
>; :  S>:;s  v  ,x  ■: -.^t  \  *:v  \  ;  r^  y  r/  r . ' . : V\ \ \: .  >*  V. i  Is :  :  r  .>^  *  r.  :  bt  m eni nges 
A >.•  X"  >' .c  • .  .^ ^  ;  vv -^   >  : .^  ; >*. V. tv    V ' .v ,  T*. :>vx  v K  . v r^ r\'a:>.*n .  and  to 

3ty^>.t»  «ccadAiT  tw"  yxrsl^xt  >yrcai?ii3;.ftt»  :>  r^<  creatly  dis- 

>■-;/,-  '-*  -  '  ^  ,\.\y  v^  :K<:  :S.  ^,  -  c",  v>-^.>  a  r.: -tv  marked 
,x\:-.   -. --'  '    .  .;'  :v-'v.".'-^    .;   :    .     •  -•.       V:-.   r^ccrvlia-cells 


•-  .  JLr>  by  CouiH 

'•..  V.  ,v::YCT*,>i^.-o-  V-,       ^ 

■          -v. 

:ttdK^^AM;»   ir^MObd^    ,  \t     .^     v    ,v.L-»  v      V    _   :•  -il  V   itoxninated 
tt<\      ^      ..-^     ^    '  ^A  ^;3^^     V  ^>,^-        ■* » -.  s.^;:^airxc.  <>f  yel- 
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branes  of  the  cord  are  usually  somewhat  opaque.  The  substance 
of  the  cord  itself  may  be  either  swollen  or  shrunken,  and  is  softer 
than  normal  in  consistency.  Upon  section  of  the  cord  the  surface 
is  seen  to  be  pink,  and  there  may  be  minute  hemorrhages  ;  the  tis- 
sue swells  so  that  the  surface  of  the  cross-section  is  slightly  convex. 
Microscopically  the  most  characteristic  feature  is  the  congestion 
of  the  blood-vessels ;  this  is  more  marked  in  the  veins  than  in  the 
arteries.  There  is  usually  a  considerable  amount  of  perivascular 
cellular  exudate,  the  majority  of  these  cells  being  polynuclear  leu- 
kocytes. The  myelin-sheaths  show  here  and  there  degeneration ; 
the  axis-cylinders  are  swollen,  granular,  and  somewhat  shrunken. 
The  neuroglia-cells  are  sometimes  swollen  ;  sometimes  irregular  in 
outline  and  increased  in  number.  The  neuroglia-fibers  in  the 
neighborhood  of  the  vessels  form  a  loose,  irregular  network.  The 
ganglion-cells  show  pronounced  alterations,  usually  similar  to 
those  already  described  as  occurring  in  intoxication,  such  as 
irregularity  in  staining,  peripheral  situation  of  the  nucleus,  and 
varicosity  or  fragmentation  of  the  protoplasmic  processes.  If  the 
process  has  lasted  any  considerable  time,  the  most  characteristic 
feature  of  myelitis,  namely,  the  accumulations  of  granular  cells, 
begins  to  take  place.  It  is  not  certain  what  these  cells  are,  but 
in  all  probability  they  represent  the  wandering  connective-tissue 
corpuscles  that  have  absorbed  the  granular  fatty  detritus  of  the 
myelin-fibers.  Occasionally  hyaloid  bodies  are  present,  even  in 
considerable  numbers.  These  are  more  irregular  in  outline  than 
those  seen  in  more  chronic  conditions,  and,  according  to  Leyden 
and  Goldscheider,  are  probably  due  to  coagulation  of  an  inflam- 
matory' exudate.  In  the  next  stage  a  pressure-anemia  begins  to 
be  apparent.  A  cross-section  through  the  freshly  removed  cord 
shows  that  it  is  still  somewhat  swollen  ;  the  color  is  yellow.  The 
distinction  between  the  gray  and  the  white  matter  is  preserved, 
but  the  gray  matter  is  distinctly  shrunken.  Microscopically  the 
blood-vessels  are  shrunken ;  the  perivascular  cellular  exudate  is 
still  present,  but  many  of  the  colls  contain  fat-droplets. 
Throughout  the  whole  cord  are  found  compound  granular  cells, 
giving  to  it  a  peculiar  and  characteristic  appearance.  The  nerve- 
fibers  are  swollen,  granular,  or  shrunken.  The  myelin-sheaths 
are  filled  with  droplets  of  fat,  or  have  i)artially  disappeared. 
The  neuroglia  may  be  still  looser  in  its  texture.  The  neuroglia- 
cells  are  more  apt  to  show  degenerative  changes.  In  this  stage 
the  alterations  in  the  ganglion-cells  are  extreme.  They  may  be 
swollen  and  irregular;  often  they  form  irregular,  vacuolar-looking 
masses  ;  some,  however,  are  shrunken,  stain  dark,  and  exhibit  no 
trace  of  a  nucleus.  Others  may  perhaps  be  still  recognized  by  the 
presence  of  a  small  vesicle  containing  the  peculiar  brownish  pigment, 
and  finally  it  is  evident  that  some  have  wholly  disappeared,  because 
the  numl)er  is  much  less  than  normal.  In  the  severest  grades  of  this 
condition  the  substance  of  the  cord  has  undergone  liquefaction  and 
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U  redured  to  a  puriform  mass,  which  it  is  imjxifisiblc  to  oxamine, 
excepting  iipf>n  IiItiis.  It  is  then  found  to  contuin  tut-<lr«jpli-l>, 
graouLir  cells,  and  detritut*.  In  the  stage  of  gray  degeiiemtion 
there  is  a  .secondary  disteiiticm  of  the  bloixl-vessels,  g^iv'ing-  it  a 
somewhat  reilder  aji|»earanee.  Tliere  h  |>nj!  iff  ration  of  llie  con- 
nective tissue,  whicli  has  a  tendency  to  retract  and  e^ui^e  eonea\4ty 
of  the  surface  of  the  section.  The  gninidar  celk  are  found  chiefly 
in  the  neii^hhorlaxid  of  the  bliMKl-vosjitlh.  The  neuroglia-t issue  is 
looser  and  a{>|«fiars  to  inclose  nonierous  vacuoles.  The  nerve- 
iibcirs  have  in  large  part  disappeared^  although  a  few  show  degen- 
erative changes,  and  the  gangli{>n-cclls  are  redueed  to  a  few  masses 
of  pigment  or  elij5€  have  disappcnirwl  entirely.  After  the  cord  has 
been  hardened,  as  also  occurs  sometimes  in  various  forms  of 
sclerosis,  cracks  may  appear  in  its  mibstance  from  the  retraction 
of  the  connective  tissue.  By  this  time  secondary  degenerations 
usually  bcgiu  to  ajtpear  above  and  IjcIow'  the  lesion,  particularly 
in   Oie  sections  stained  by  Man^ii's  method. 

Pressure-myelitis.— The  alterations  prtxluwd    in  the   cord  by 
glowly-developing  pressure,  sucli  as  tlie  growtli  of  a  tumor  in  the 
membnines,  or  gradual  bending  of  the  spinal  canal,  as  in   Pott's 
disease,  produce  somewhat  characteristic  clianges*     The  con!  at 
first  becomes  anemic,  tbie  to  the  mechanical  *K"clusion  of  blood- 
vessels in  the  n fleeted  segment*     As  the  pressure  increases  and  the 
anemia  continues  dcgenenitions  ensue  in  the  white  matter.     These 
are  accompanied  by   the  appearance  of  a   moderate   number  of 
granular  cells  and   by  slight  jirol iteration  of  the  neuroglia*      It 
apjx^ars  that  this  degeneration  n fleets  first  the  myelin-sheaths,  siod 
that  the  axis-<'yliuders  may  maintain  their  vitality  for  a  consider- 
able length  of  time  ;  for  regcneraticui  has  munirrcd  after  the  cord 
has  been  considerably  reduced  in  size  by  h>ng-continuetl   pressun^ 
The  gray  matter  appeiirs  to  persist  for  a  longer  time*     This  does 
not  mean  tliat  the  ganglion -eel  Is  renin  in  absolutely  intact,  for  in 
the  early  stages  of  the  piTMH's>^  they  exhibit  various  deg^enerative 
changes.      As    we   already    know,    howf^ver,    such    degenerative 
changes  are  not  neccs^jirily  fatal  to  the  vitality  of  tlie  cell*     I^ater, 
they  Ijegin  to  slirink,  usually  becoming  at  first  darker,  then  Wine 
their  protoplasmic  prcK^esses,  and  ultimately  undergoing  eliaoee 
into  hmall  irregular  vesicles  that  are  frc^rjuently  pigmented.     The 
neuroglia  gradual  I  v  proliferates,  and   ultimately  the  eonl  iis  ci>n- 
vc»rted  into  a  hclerotic^  mass  at  the  point  of  pressure.     Thii*  mus- 
i>^  gniy  in  eoliir,  serums  dry,  and  often  in  the  prooe^is  of  hardentt^ 
deveh»p><  numerous  irregular  fissures.     The  central  canal  is  v^n- 
oii«ly  affected.     It  nmy  be^  at  different  levels,  obliterated,  diUti?il« 
dotiblcd,  or  even   Irijilcd.     This  ajipearanee  of  doubling  or  trip- 
ling, liowevcr,  is  dut*  t*»  tlic  extrusion  of  diverticula,  which  p»* 
upward  or  thmnward  more  or  less  parallel  to  the  axis  of  tfai^cnrd* 
The  epithelium  lining  the  centnd  canal  maintains  its  vitalitT  ta ft 
remurlcnble  degree,  and,  even  when  all  other  nervous  Mroi^tiiw 
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huve  disiippeared,  stains  *li.sliiictly  and  is  of  norninl  islui|x\  Fre- 
quently the  endothelium  linitijL!:  the  irnder  surface  of  the  pia,  or 
the  lyiiiph-i'hamiels  arisin*^  from  it»  proliferate  to  a  remarkable 
degree,  and  large  masses  of  endothelial  cells  may  be  found  either 
immediately  beneath  tlie  pia  or  more  deeply  situated  in  the  Bub- 
iitance  of  the  cord.  In  sume  crises  this  appears  to  be  almost  a 
tura or- formation.  Secondary  degenerations^  of  course,  occur  as 
soon  as  the  axis-cylinders  beg^in  to  swell,  ami  are  identical  with 
those  found  in  other  complete  trans vei^e  lesions. 

Acute  Anterior  Poliomyelitis- — In  tliis  disease,  clinically 
desijrnated  inJlmtile  palsy,  the  ganglion-cells  of  the  anterior  cornua 
of  the  spinal  cord,  ttieir  neuraxous  j*assing  out  tlirough  the  anterior 
roots,  and  the  muscles  over  which  they  have  trophic  influence^  are 
tlie  principal  parts  involved.  The  disease  is  undoubtedly  due  to 
h(*matogenous  intoxicatimi  or  infectitm.  It  develops  after  expos- 
ure to  cold,  subsequent  to  stmie  other  infectious  disease,  such  as 
s^'arlet  fever  or  measles,  and  occasionally  has  a|>peared  as  an  epi- 
demic. Cliildren  are  almost  exclusively  affected,  usually  about 
the  pcrifd  of  the  second  dentition.  The  nature  of  the  poison  that 
caus4^^s  it  is  unknown. 

Microscopically  the  corfl  pn^sents  no  characteristic  external 
alterations.  If  section  is  made  through  the  discast'd  portion,  it 
can  be  seen  that  tlie  tissues  of  the  cord  are  somewhat  redder  than 
normal,  |mrticularly  the  anterior  cornua  of  the  grtiy  matter,  and 
minute  hemorrhages  raay  also  he  observed  in  this  region.  The 
tissue  is  somewiiat  softer  than  normal,  and  tlie  blood- vessels  are 
corjsiderably  tlistended.  In  old  ciises — that  is,  tlmse  witli  elianges 
ctnisecutive  to  the  cessation  of  t!u?  acute  process — the  conl  may  be 
smaller  and  s(unewhat  <lenser.  Upon  section  it  is  readily  oliserved 
that  one  or  both  of  tlie  anterior  cornua  are  considenibly  reduced 
in  size.  The  anterior  roots  from  the  diseased  area  may  be  ctui- 
gidenibly  shrunken  and  fibrous.  Mierost»opically,  in  the  early 
stages  the  most  striking  apjicarance  is  that  presented  by  the  blood- 
vessels* These  are  greatly  distend ef I  and  surroiuided  l>y  a  wall 
of  round  cells.  The  vessels  in  the  gmy  matter  of  the  anterior 
cornua,  in  the  anterior  commissure,  and  in  the  anterior  septum 
appear  to  be  chiefly  involved.  The  posterior  half  of  the  cord 
presents  few,  if  any,  alterations.  The  neurogliar  tissue  seems  to 
be  somewhat  looser^  and  throughout  all  the  aflcctcHi  tissue  there  is 
more  or  less  cellular  infiltration,  the  majority  of  the  cells  being 
mononuclear.  The  gangl ton-cells  are  much  altered.  They 
may  be  swollen  and  crdorless,  the  chromatin -grannies  may  l)e 
arranged  in  irregular  masses,  the  processes  are  irregular,  the 
nucleus  may  stain  diffusely,  and  the  nucleolus  show  vacuolar  de- 
generation. In  the  m<ire  ailvaticecl  stages  both  nu(*lcns  and  pro- 
toplasmic processes  have  tlisappeared,  leaving  nothing  but  the 
thickened  axis-cylinder  springing  from  the  cell  The  perivas- 
cular spaces  may  be  somewhat  distended,  and  often  contaia  ^v^ns^^^ 
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fsells.  Even  in  cases  exaniiiie<l  a  few  days  after  the  onset,  Ft  w 
evident  that  some  of  the  ganglion-cells  have  degenerated  com- 
pletely and  have  dLsappeared^  as  their  number  Is  markedly  dj- 
minished.  The  fibers  of  the  anterior  root^  s*how  the  ordinary 
forms  of  degeneration,  the  presence  of  globules  of  fat  in  the 
eh^ths,  and  gwelling  or  fragmentation  of  the  axis-cylinder?.  Tbe^ 
affected  muscles  very  early  exhil>it  fatty  degeneration  and  atrophy' 
of  the  fibers*  In  eases  exaniiiied  .seveml  months  after  onset 
considerable  atrophy  has  usnally  taken  placc^  in  the  anterior  horns. 
The  perivascular  round-cell  infiltration  is  still  very  dis^ti net,  and  j 
usually  eomiwund  granular  cells  are  found  in  considerable  num* 
bers  in  the  lesions.  Tfie  ganglionH*ells  are  fewer,  and  those  that 
remain  may  be  either  normal  or  partially  degenerated.  Many, 
fibers  have  disappeartMl  from  the  anterior  rtx)ts,  and  the  trophic  J 
changes  in  the  muscles  are  still  more  pronounctnl.  In  those 
examined  very  late^that  is,  some  years  after  the  development  of* 
the  pnjcess — the  anteritir  horns  appear  to  be  markedly  diminished 
in  size,  although  this  alteration  is  exceedingly  nne*jnal,  often  one 
born  being  involved  whilst  the  other  is  perfectly  normal  or  ex- 
hibits only  slight  alterations.  Occasionally  the  anterior  horns 
appear  paler,  but  of  almost  normal  size,  apparently  the  result  of 
a  colloicl  degeneration  f»f  the  neuroglia-t issues.  The  blood-vessels 
are  dilated  and  their  walls  thickened,  and  they  may  contain  some 
cellular  infiltration.  In  those  parts  where  the  process  is  most 
severe  all  the  ganglion-cells  have  disappeared.  In  others  a  few 
may  remain,  and  these  are  usually  normaL  The  neuroglia  has 
undergone  hyperplasia^  and  consists  of  a  coarse  mesh  work  con- 
taining many  nuclei.  The  medu Hated  fibers  of  the  anterior  roots 
are  partially  or  completely  destroye^d.  Degeneration  of  the  me- 
dullated  fibers  of  the  pyramidal  tract  may  sometimes  be  traced 
for  a  few  segments  above  the  atfected  region  ;  as  a  rule,  it  is 
slight,  and  involves  only  a  tew  of  the  fihei^.  Tlie  lesions  usually 
attack  several  segments  of  the  cord,  and  are  most  frequent  in  the 
lumbar  region,  although  any  part  may  be  affected,  even  the  cells 
of  the  me<lulla*  It  has  lieen  disputed  whether  the  primary 
changes  occur  in  the  bloo<l- vessels  or  in  the  ganglion-cells,  but  it 
seems  now  to  be  conclusively  establlshe^d  that  the  disease  is  of 
hematogenous  origin.  In  favor  of  this  view  are  the  pronounced 
vascular  changet^,  and  the  fact  that  the  ganglion-cells  in  the  neigli- 
borhood  of  the  vessels  are  usually  more  degenerated  than  those 
more  remote,  and  that  definite  groups  of  ganglion-cells  are  not 
affected,  but  rather  those  supplied  by  an  individual  vascular  dis- 
tribution. 

The  clinifal  course  of  the  disease  is  sufficient  evidence  of  ihaj 
fact  that  at  least  some  of  the  cells  recover  their  functions  com- 
pletijly.     After  the  jiaralysis  has  reached  its  greatest  extent,  a 
very  conaidcnible  degree  of  recovery  may  ensue,  and  only  certain 
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groups  of  muscles  remain  affei^teil.     Some  <if  the^^e  degencmt^  and 
coDtract,  giving  ri^e  to  various  deformities  in  the  limbs. 

PRIMARY  DBOENERATIONS  OF  THE  CORD. 

Primary  degeneration  of  tlie  spinal  rord  ii^  chardcteriy.eil  by 
the  more  or  lesi*  complete  destruetion  of  eertain  sy&tempi  of  fibei^, 
affecting  their  wtiole  length,  without  solution  of  eoritinnity  in  any 
part  of  their  course,  or  distinet  th'genemtive  ehanges  in  the  gnu- 
gliou-eells  from  whieh  they  arise.  In  other  words,  the  distingnish- 
ing  characteristic  of  this  condition  is  the  absence  nf  iiuy  lesion 
that  would  ^rve  to  explain  iti*  oceurrenee.  Certain  grtuips  of 
fibers  appear  to  be  more  frt^quently  a  If ee  ted  than  others ;  these  are 
ptirticidarly  the  columns  coneerne*!  iu  the  eouduction  of  iinpidM»8 
from  r*r  to  the  brain.  They  may  lie  t^lassitieil  as  fulhtws  :  1.  The 
sensory  neurons  of  the  cord,  whicli  are  composed  ui"  the  unipolar 
cells  of  the  spinal  ganglia,  and  tb'ir  ncuraxons.  They  jmss  tWjm 
the  posterior  nx>ts  into  the  spinal  coixl,  anil  enter  tirst  the  column 
of  Burdat^h,  subsequently  bending  into  the  column  of  Goll, 
and  eufling  iu  tlie  nuclei  of  (loll  anil  Bunlaeh  iu  the  nie<lulla,  2. 
The  central  motor  neurons,  com meneing  iu  the  pynuuidal  layer  of 
the  motor  cortex,  passing  down  through  the  internal  cjipsule,  the 
pyramids,  and  the  pyramidal  columns  of  the  eord.  3,  The  jw^iph* 
eral  raotor  neurons,  eommeucing  iu  the  gtinglitui-eelLs  of  tlie 
anterior  enrnna,  passing  out  tVom  tlic  anterior  groups,  and  termi- 
nating in  the  muscles. 

The  most  import;* ut  priiuary  degeneration  is  fffhrn  iforHafi^^  or 
posterior  ^rlerfhHi.^ ;  it  iuvidvcs  jdnit»st  exclusively  tlic  sensory 
neuron.  Involvement  of  the  peripheral  nnvtor  neuron  gives  rise 
to  the  disease  known  as  progrci^iri'  uptnai  mmrttfttr  atrophia  ;  de- 
generation of  both  motor  neurons,  to  itmt/rttrophie  iairrai  mteroHW, 

Posteriar  Sclerosis. 

Degeneration  of  the  pjsterior  columns^  when  occurring  inde- 
pendently of  distinet  lesions  of  the  posterior  roots  or  section  of 
the  spinal  cord — that  is,  a.s  a  definite  form  of  disease — is  known 
as  faheji  dormifi%  and  eorresprmds  c^linie^illy   to  hcomotor  affixia. 

There  has  been  coni^iderable  discusaion  of  late  years  afl  to  whether  tln» 
is  due  to  systemic  disease  attacking  primarily  certain  cohimrw  or  tracts  of 
fibers  in  tiie  apinai  cord,  or  to  a  condition  secondary  to  disease  of  the  pos- 
terior roots.  The  great  inajority  of  pathoiogistit  have  now  come  to  accept 
the  latter  view,  and  the  evidence  in  its  favor  h  no  strong  that  it  will  be  here 
adopted. 

Trepinski  has  recently  combated  this  view,  m  a  result  of  the  comparison 
of  the  areas  of  degeneratiun  in  certain  cawes  uf  loconi(»tor  ataxia  with  the 
areas  of  myelinatton  in  the  curds  of  human  fetuscj*.  He  believea  that  tabes 
is  strictly  a  iiystemic  diseai<e,  and  ^rlmfTer  partially  agrees  with  him. 
Obersteiner,  however,  after  a  careful  review  of  their  work,  atill  adhereg  to 
the  theory  that  the  post<}rior  roots  are  primarily  affected. 
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presence  of  toxins^  exposure  to  cold,  etc.  Hitzig  believes  that 
tf)xins  may  exist  in  the  brKly  for  loiip;  periods  of  time,  and  so 
alt  IT  the  blood  as  to  cause  it  to  produce  in  the  more  su-sceptible 
portions  of  the  nervous  svBteni  ^ch^otie  changes.  Obersteiuer 
has  recently  suggested  that  in  all  probability  tabcfi  is  due  to  a 
variety  of  conditions,  altliough  he  admits  that  syphilis  is  by  far 
the  most  important.  As  far  as  we  have  l^een  able  tu  ascertain, 
only  a  single  case  has  been  recorded  in  wbii-h  injury  appears  to 
have  been  solely  responsible  fi^r  tlie  develo[mient  of  the  disease. 

Pathologic  Anatomy* — The  macroset^pic  b^sions  are  as  fol- 
lows :  The  duni  shows  no  changes ;  the  pia  mater  in  the  segment 
between  the  posterior  roots  is  sfmiewhat  thickened  and  0|Kique,  a 
change  which  cannot  usually  be  observed  in  tlie  lateral  and  iuilerior 
regions.  The  posterior  roots  may  be  enlarged.  In  the  advanced 
cases,  however,  they  seem  to  be  somewliat  thinner  and  more  trans- 
lucent. On  section  thrruigh  the  cord  the  gray  matter,  especially 
that  of  the  septum  and  anterior  horns,  appears  to  be  normal.  The 
anterior  and  lateral  regions  of  the  white  matter  are  similarly  in- 
tact. In  tlie  most  advanced  cases  the  white  matter  between  the 
M)sterior  roots  is  darker  than  n*)rmal  and  seems  to  be  sbnmkcn, 
ts  consistency  is  somewhat  softer  than  that  of  tlie  normal  cord, 
and  the  fact  that  it  becomes  depressed  after  section  sht>ws  that 
there  is  some  tendency  to  retraction.  In  early  cases  these  clianges 
may  be  slight  ;  in  fact,  in  cords  removed  from  patients  snUcring 
from  general  paresis,  in  whieb  the  earliest  stages  are  usnally  oIj- 
served,  tliere  may  be  no  maeroscopie  clianges  found.  In  these 
early  stages  sections  stained  by  some  myelin-metlifKl  e^xhil>it  the 
ffdlowing  changes:  In  the  lumbar  region  tiie  cobimiis  of  <it*ll  are 
degenerated,  excepting  the  anterior  |>ortit)n  ;  usually  there  is  a 
small  oval  region  lying  in  the  middle  of  the  posteritjr  septum  ;  in 
the  dorsal  region  lliere  a!*e  usually  two  areas  of  degeneration  in 
the  colmnn  of  Burdaeh  ;  in  the  cervical  region  a  portion  nf  GoIFs 
column  is  involved,  a n<l  there  are  usually  two  areas  on  eitlier  side 
in  the  eolnmn  of  Bunlaeb  near  the  posterior  horns.  In  nearly  all 
cases  there  is  usually  more  or  less  degeneration  of  the  [Kjsterior 
roots.  In  the  uMire  advanced  cases  the  ]>ortion  of  the  jiosterior 
columns  immediatJ'ly  behiud  the  posterior  commissure  contains 
ufvrmal  fibers,  but  all  the  rest  (»f  the  posterior  ccdimin  and  Lis- 
sauer!s  zone  are  degcTicrated.  In  the  cervical  portion  the  degen- 
eration of  the  column  of  Goll  is  most  prorFiiuKM'd,  and  there  is 
only  a  small  nund>er  of  normal  fibers  anteriorly  atal  on  either 
side  lying  close  to  the  posterior  roots.  The  degeneration  extends 
npwiird  tlirough  the  medulla  as  far  as  the  nuclei  of  Gtjll  and  Bur- 
daeli.  It  occasionally  hap|H*ns  that  one  portion  of  the  cord  seems 
to  be  more  severely  aliected  than  the  others  ;  as  a  general  ride, 
this  is  the  lumbar  region  or  the  dorsal  and  lumbar  regions,  whilst 
the  cervical  portion  shows  fewer  changes.    Occasionally,  however^ 
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tlie  cervkral  pf»rtitjn  of  the  turd  will  be  particularly  5nvolvt*d  an^ 
the  other  regions  more  or  les.s  intiicL  In  these  cases  the  columns 
of  Goll  show  only  slight  degeneration,  whibt  in  the  cervical  piir- 
tion  the  column  of  Burdach  in  markedly  degenemtcd.  As  the 
fibers  turn  toward  the  e<?nter,  healthy  fibers  from  the  posterior 
root^  of  the  cervical  segments  are  usually  less  involved,  so  that 
the  degenerated  area  lies  near  tlie  ixistc^rior  nietlian  septum,  in  the 
region  usually  adled  the  niiddle  root-zone.  These  degeneratiHl 
areai?  are  characterized  by  destruction  of  the  niyelin-sheaths  and 
the  axis-cylinders,  their  places  being  taken  by  proliferated  neu- 
roglia, wdiich  is  characterized  by  the  apjx*antnce  of  thicker  and 
somewhat  wavy  fit>ers.  In  the  late  stages  this  hy]>erplastic  neu« 
ro^lia  may  undergo  considerable  contraction  (Fig*  360),      Pro- 
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hfcration  of  the  ncuroglia-cells  may  be  observed  in  the  earlier 
stages,  but  in  the  later  stages  this  has  largely  disappeared.  The 
degeneration  of  the  tibers  is  in  all  respc^'ts  smiilar  to  that  of  the 
ordinary  sec<»ndary  deg*'neratii>n.  At  euniulaticin  of  tl»e  peculiar 
amyloid  bodies  is  usually  observed.  The  gray  matter  of  the  cord 
is  little  at!'ectcd»  the  cells  in  particular  mrely  showing  distinct 
traces  of  degeneration,  although  it  is  not  unlikely  that  mort^ 
careful  investigation  with  the  Nissl  metho<l  will  exhibit  various 
changes  in  their  finer  structure.  The  tibers  that  normally  pass 
through  the  gmy  nuitter  often  disappar  completely.  Tliis  is 
true  esijccially  of  the  line  tibers  of  Lissauers  zone  and  thos<^ 
that  form  the  plexus  around  the  cells  of  the  column  of  Clarke, 
The  reflex  collaterals  also  frequently  dis^ippt^ar,  and  thisi  is  sup* 
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pcKsed  to  explain  the  losi^  of  tlie  reflexes,  whieh  is  a  eommon 
symptom  of  the  disease.  The  vessels  ustially  exhibit  some  thiek- 
ening  of  the  adventitia,  aiul  oecasionally  an  aeeunudation  of 
gmnular  cells  eithtn-  in  the  ndventitia  or  beneath  the  ependyma. 
Hyaline  degeneration  is  fonnd  ocrusionally.  The  pia  muter,  cor- 
responding to  its  raarroseopie  aijpea ranee,  shows  ^ome  thiekening 
of  the  fillers,  jdthougli  it  is  absent  in  the  earlier  eases. 

The  most  interesting  snhjcet  cunneeted  with  this  disease  is  the 
condition  of  the  peripheral  nerves,  the  spinal  ganglia,  and  the 
I>osterior  roots.  Degenemtion  of  the  jwripheral  eutaneons  nerves 
is  frequently  observed  ;  but  it  is  ini|Ktssible  to  say,  for  lack  of 
sufficient  investigation,  whether  it  oeenrs  in  every  case.  The 
changes  consist  of  thickening  of  the  perineurinm  and  the  connec- 
tive-tissue traVx^cnljc^  more  or  less  degeneration  of  the  myelin- 
sheaths,  and  occasionally  swelling  of  the  axis-cylinders* 

The  results  of  the  examination  nf  the  spinal  ganglia  have  been 
very  contradictory,  and  some  authors  find  them  intact,  while 
others  describe  eontnietion  and  irregularity  in  tli**  outlines  of  the 
cells.  In  no  ease,  however,  have  the  changes  been  sntlicicntly 
pronouneed  to  account  for  the  extensive  degeneration  in  the  poste- 
rior columns.  The  posterior  rocjts  are  invariably  degenerated. 
Some  of  the  fibers  are  completely  destroyed,  others  show  disap- 
pearance of  the  myelin-sheaths  and  alteration  of  the  axis-cylin- 
ders.  Nageotte  claims  to  liave  discoveretl  a  ronnd-ccll  infiltration 
in  the  membranes  surrounding  tlic  roots  that  causes  a  pressure- 
degeneration.  Kedlieh  and  Ohcrsteiner  believe  that  the  changes 
are  most  marked  after  the  entrance  of  the  fibers  into  the  cord,  and 
explain  this  by  supposing  tliat  there  has  been  a  slight  constriction 
at  the  p^iint  where  they  pierce  the  pia  mater.  In  tfiis  regi^in 
there  is  certainly  often  considerable  disappearance  of  the  myelin- 
slieaths,  but  it  cannot  be  said  jMKsitively  whether  the  intramedul- 
lary portion  of  the  posterior  routs  is  more  degenerated  than  tho 
extrameduHary. 

Friedreich's  Ataxia. 

Friedreich's  ataxia  is  a  disease  characterized  by  inco-ordi na- 
tion of  the  gait,  the  first  symptoms  coming  on  usually  during 
puberty.  It  belongs  to  the  liereditary  type  of  the  disease,  occurs 
in  successive  genemtions  of  the  same  family,  and  appears  to  have 
no  other  causation.  The  most  constant  cliangc  is  liypoplasia 
of  the  spinal  cord.  This  hypoplasia  may  be  regular,  so  that  the 
whole  cord  is  three-fourths  or  even  less  of  its  normal  diameter, 
or  it  may  seem  irregular  in  tiie  latter  instance,  being,  pcrfiaps, 
more  pronounced  in  the  cervical  and  upper  dorsal  regions.  Hypo- 
plasia of  the  cerebellum  is  a  freqoent  associated  lesion.  The  two 
conditions  are,  however,  rarely  equal,  and,  aeeortling  as  one  or 
the  other  preponderates,  Marie  has  described  spinal  and  cerebelW 
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anterior  comua,  degeneration  of  the  nerve-fibers  in  the  anterior 
roots  and  of  the  motor  fibers  in  the  i)eripheral  nerves,  and  degen- 
erative atrophy  of  the  muscles.  The  lesions  that  are  actually 
found,  however,  are  very  various.  Common  to  almost  all  cases  is 
the  atrophy  of  the  motor  cells  of  the  spinal  cord  and  degenera- 
tion of  their  neuraxons,  and  the  presence  of  compound  granu- 
lar cells,  but  there  is  no  other  sign  of  inflammatory  reaction.  The 
degeneration  of  the  ganglion-cells  is  usually  extensive,  and  the 
muscles  exhibit  the  changes  characteristic  of  progressive  spinal 
muscular  atrophy — that  is,  swelling  of  the  filKrrs,  increase  of  the 
number  of  the  nuclei,  indistinctness  of  the  striation,  and  increaise 
in  the  amount  of  connective  tissue,  with,  in  the  later  stages, 
extreme  atrophy  of  the  fibers.  The  degree  to  which  the  pyram- 
idal columns  are  affected  is  not  constant ;  at  times  the  degenera- 
tion is  pronounced  and  extends  as  far  as  the  internal  capsule. 
Indeed,  distinct  alterations  have  Ikjcu  rejK)rte<l  in  the  motor  c^mex 
of  the  brain — that  is  to  say,  degeneration  of  the  ganglion-cells 
and  the  presence,  in  more  or  less  considerable  numl>er,  of  com- 
pound granular  cells.  In  other  cases  the  df-g^-neration  may  cease 
at  a  lower  pfjint,  and  in  at  least  one  case  was  not  found  at  all.  It 
has  been  suppf>seil  that  in  such  cases  there  is  only  a  slight  alter- 
ation in  the  nutrition  of  the  gjingIion-<;ells,  and  that  the  degenera- 
tive changes  cominenee  at  the  [H'ripheral  fH>rtion  of  the  neuraxon 
and  advance  celHp'tally.  The  ehanges  found  in  the  pyramidal 
columns  are,  of  c<»urs^',  similar  to  tlKw  oecurring  in  the  other 
primary  degenerations. 

Combined  sclerosis  has  Ix^en  de*/Ti!K*il  in  a  jrreat  niimlier 
of  instance-,  and  aehanieteristie  symptomatohijry  ha*  l^een  a-^rilied 
to  the  condition.  T'-nally  the  fiarts  artW-t/-<l  are  the  jKrrterior 
columns,  the  columns  of  T'larke,  and,  in  f>art,  the  lateral  pyram- 
idal tracts.  The  lesions  do  not  differ  in  apij^-arance  fmrn  thftse 
of  the  other  form-  of  primary  degeneration.  The  areas  ar^r  gray, 
somewhat  r-hrunken,  and  rymUiin  an  exce-*  of  neuroglia,  granular 
cells,  and  amyloid  U^lj****.  The  nature  of  the  prricess  L*  still  an- 
deeide<l.  The  f  rerjuency  with  which  a  r-i^rtain  definite  crimbination 
occurs  has  M  :rome  neurojiatholrjgiwtrf  to  Uriieve  tliat  it  i.^  a  mor- 
bid entity.  (hU*'rr,  however,  fy>ntend  that  the  jiart-  of  the  cord 
affecte^l  are  tho-/.-  lesi-t  able,  on  ar^'/iunt  of  their  [i^/'>r  bki^jid-^upply, 
to  resist  noxious  influenee-,  and  tlwt,  then-fore,  the  di-^^-e  i^only 
the  rfjaction  of  the  weaker  jjart.-  of  the  -pinal  «.-onl  to  a  general 
mor(>ific  ajrent. 

Chronic  anterior  poliomyelitis,  or  progressive  spinal 
nmscnlar  atrophy,  is  strictly  a  degeneration  ot  the  peripheral 
motor  neuron,  and  oft/'U  z\9\0"at^.  to  !><?  her»rrlitart'  in  character. 
Otherwi-/*  no  •:ii\*(ncjitry  eliohfgy  ha-  ever  U-^^n  determined. 
It  IB  eliar?i/:t/'riz^-<i  by  ;rra/itial  atrophy  of  the  ganglioD-celU 
of  the   ant/frior   eornua   and    bv  diminution  of  tlie  gize  of  the 
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fornnd  of  hereditary  ataxia.  The  next  most  common  lesion  is 
degeneration  in  the  posterior  columns.  This  is  particularly 
marked  in  the  column  of  GroU,  but,  in  severe  cases,  may  also  in- 
volve the  column  of  Burdach.  No  degeneration  at  all  may  be 
found  ;  such  a  case  has  been  reported  by  Nonne ;  but  in  these 
instances  the  larger  fibers  are  usually  al»ent.  Degeneration  in 
Clarke's  columns  is  not  uncommon.  The  cells  exnibit  various 
forms  of  chronic  degeneration,  and  the  fibers  either  disappear 
completely,  or  at  least  lose  their  myelin-sheaths.  As  a  result  of 
this  latter  condition  there  is  also  degeneration  of  the  ascending 
cerebellar  column.  In  regard  to  the  degenerative  areas  found  in 
the  lateral  columns,  there  is  much  difference  of  opinion.  The 
majority  of  authors  believe  that  they  represent  d^eneration  of 
the  pyramidal  columns,  although  it  is  certain  that  none  of  the 
clinical  symptoms  associated  with  this  lesion  are  present  The 
degeneration  is  usually  most  pronounced  in  the  lower  part  of  the 
cord,  diminishes  in  intensity  upward,  and  disappears  near  the  nor- 
mal decussation  of  the  pyramidal  columns.  According  to  Marie, 
the  degenerated  areas  usually  lie  to  the  outer  side  of  the  normal 
situation  of  the  pyramidal  columns.  In  all  these  degenerated 
areas  there  is  considerable  proliferation  of  the  neuroglia-tissue, 
the  fibers  being  especially  increased,  indicating  the  likelihood  that 
the  change  is  secondary.  Other  secondary'  changes  are  the  thick- 
ening and  partial  adhesion  of  the  pia  mater,  particularly  that 
part  in  contact  with  the  posterior  columns  of  the  spinal  eonJ,  and 
also  the  thickening  of  the  walls  of  the  blood-vessels,  such  as  is 
usually  found  in  sclerotic  nervous  tissue.  Degeneration  is  also 
found  in  the  posterior  roots,  which  are  smaller  than  normal.  In 
rerard  to  the  condition  of  the  peripheral  nerves  there  is  some 
difference  of  opinion,  but  it  seems  certain  that,  in  some  cases  at 
least,  there  is  a  degeneration  of  the  sensor^'  fibers.  The  disease 
partakes,  therefore,  of  the  nature  of  a  conihiued  sclerosis.  Some 
authors  hold  that  it  is  due  primarily  to  a  hypoplasia  of  the  third 
primary  vesicle  and  of  the  neural  canal — that  is  to  say,  the 
medulla,  cerebellum,  and  cord.  The  disease,  however,  appears  to 
be  slowly  progressive,  and  it  is  not  evident  in  infancy.  This  may 
be  explained  by  assuming  that  the  hypoplastic  central  nervous 
system  is  sufficient  for  the  needs  of  the  child,  and  that,  as  the 
organism  develops,  it  becomes  relatively  insufficient.  This,  how- 
ever, would  not  enable  us  to  understand  why  such  extensive 
secondary  degenerations  are  sometimes  present 

Amyotrophic  Lateral  Sclerosis. 

Amyotrophic  lateral  sclerosis  is  a  disease  which,  theoretically, 
should  present  the  following  pathologic  changes :  Degeneration  in 
the   pyramidal    columns,   atrophy  of  the   ganglion-cells  of   the 


Tra II!* vrri»t'  myftionjuof  the  merliilU  and  rorrl  frr>m  a  ra*p  (fnf  multtple  isfk-roHis.  ^iahii'rl 
hy  WtdKort't*  mi'thod.  (Konnttl  tissue  euloreil  ilark.^leKviitTttk'daniis  white,*  1,  Mt'dulln. 
2,  I>jwor  meiluUft-  S.  Third  cervlral,  4.  Fifth  oervinil.  .'>.  Si^^mul  nlnr^a].  ^K  Sixth  rlor- 
Aftl.  7  Twt-iah  (ior^Hl.  f<.  Firnt  liimbflr.  The  irrejiulftr  iirens  iit'ik'iietHrHtiun  in  iliUVrenL 
nieifiTientM  of  Ibe  cord  Jire  not  tisi^f>i'iule<1i  with  HecMvndary  fleuent»ralioii  tM*low  tiriil>fivt'  the 
difft-rent  IcsiouK,  I'xft'fit  ihv  dejefneriitiDn  in  the  pobterlurcuiuiniis  from  the  second  doriMil 
up  to  the  medulla  <  Burr  and  MoCarthy). 


1.  Multiple  Kclerofiig, 


■  MMi  .  -i  » K-^ti  . . rill.     The  Hpiiud  rontj^  gtMiii  wt^ll  nm\  are 


2.   Optic  Eerve,  j^hMwiiiuf  «ieL;i*niTutiMU  in  rout  nil  j^aii-^. 
(Photogmphi*  from  thecufte  iUiistnited  in  the  prec^dinij  plutc.) 
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corriua  themst-lvps.  No  lesions  that  diatinctly  indicate  the 
existen€e  nf  an  inflamtnutory  pnx'ess  are  present.  The  cells 
gradually  grow  smaller,  hecome  pigmented,  and  may  ulti- 
mately disapiH'ar.  There  is  degenemtion  of  the  fibers  in  the 
auterinr  roots  aud  degeuemtive  atrophy  of  the  muscles.  The 
clinical  course  is  shuwly  but  irregularly  progressive.  The  con- 
dition in  many  respects  resembles  amyotrojihic  lateral  sclerosis, 
and  eases  have  been  recor^led  in  which  other  degenerations  were 
found,  particularly  in  darkens  column  and  in  the  posterior  col- 
umns. The  lesions  apparently  ciininience  in  the  eervical  region, 
and  may  later  extend  to  other  parts  of  the  cord,  and  even  to  the 
motor  nuclei  of  the  mednlla.  There  Ls  a  form  of  chronic  polio- 
myelitis in  which  distinct  lesions  of  the  vessels  are  present,  and 
which  is  apparently  only  a  slow  form  of  the  ordinary  acute  polio- 
myelitis. 

^  Degeneratiotis  in  the  white  matter  of  the  spinal  cord 
have  been  deseril>e<l  in  various  forms  of  chronic  anemia jesjx^cially 
pernicious  anemia*  Two  varieties  can  be  distinguished,  those  in 
which  the  areas  of  sclerosis  are  disseminated  irregularly  through 
the  cord,  and  those  in  which  the  degeneration  is  systemic  in  na- 
ture and  follows  more  or  less  closely  the  area  of  cltstribution  of 
the  libers  of  the  posterior  root.  In  the  latter  ease  the  posterior 
columns  are  atfeeted  most  severely,  and  the  lesions  are  most 
pronounc(*d  in  the  cervical  region.  Degeneration,  however,  may 
also  be  found  in  the  lateral  columns,  either  involving  only  a 
gmall  pattth  of  iibers,  or  so  extensive  im  to  give  rise  to  tlie 
appearance  of  eondjlued  sclenisis.  The  degenenition  api>ears  to 
occur  [>rimarily  in  the  nerve^fibers,  with  secondary  prolifera- 
titui  of  the  ncnrogliiu  Vascular  changes^  ])artieidarly  minute 
hemorrhages  and  thickening  of  the  vessel-cells,  are  also  found, 
and  when  present  the  nerve-fibers  in  the  immediate  vicinity  uf 
the  vessels  are  often  degentTated*  Lissaner*s  5:one,  the  ixisterior 
roots,  the  spinal  gtmglia,  and  the  gray  matter  of  the  spinal  cord 
are  rarely  iiiv(»lved.  These  changes  are  not,  however,  lonnd  in 
all  casi\s  of  progressive  pernicious  anemia,  a  ntimber  of  ca^es 
being  now  on  record  in  which  the  spinal  eord  showed  no  tmce 
of  degeneration.  No  .satisfactory  explanation  has  hitherto  Wen 
given  to  account  fi*r  them.  It  liiis  l>eeu  suggested  that  tlie  anemias 
with  spinal  lesions  belong  tr>  a  diflcreut  group,  hut  this  is,  of 
einirse,  a  mere  hypothesis.  The  absence  of  degeneration  in  the 
posterior  roots  seems  to  exclude  a  periphcnil  neuritis,  although  it 
is  possible  that  in  case  of  slight  disi'ase  of  a  spinal  ganglia  the 
terminations  nf  their  nerve-fihcrw  in  the  medulla  would  exhibit 
the  first  trace  of  <legenenxtiou,  and  this,  in  fact,  corresponds  with 
the  ctjiidition  t**Hind  in  some  of  the  cases. 

tSitnilar  changes  have  aW)  been  foun<l  in  other  conditions,  es- 
pecially tlie  chronic  cachexias,  sui'h  as  tuliercnlo^is,  diabetes,  it  rid  , 


SLH'liotiis  fri*[n  II  LUiMi  of  ataxic  purupU'i^iii,  Mlmwinij  s«yKtirin  di'g*>iu»r«lJMri  of 
Uh'  |Mwti*nnr  cohjiiiii,  InU^nil  KT*>t*itlj  pyniiiiklnl,  hikI  dinx't  ('erel>flkir  itrnvt 
^IhiiTJiiul  McCjirtUy):    I,  cervu/iil;   2,  Uitiklnir  ;  3,  j^atml. 


D«M]C*nt]in|^  ile^f-nerwtion  nf  flireet  and  crnsssed  pymiiiUlal  inuU  folluwhig 
heiiu^rrhuge  \nU*  the  hkhIuIIh:  1,  drirsul  ri»tjif>ri  ;  2,  luiii}uir  n-i^ion  ;  3,  ft^rvi- 
cnl  ri^tjiuii  (MrCurthy  imd  Pean^e). 

The  k»*i(ut^  f»rt^tnin*d  in  tht?  above  sevtians  iiru  rnnJiiiinl  I**  the  motor  i*V8- 
tom,  and  eAU4i<*d  ii  spaitic  type  of  pwrnlysi*  without  M?u&ory  dc^nmiremeni. 


1.  I>egenerAth>n  c^f  thv  [v^si^tUiT  mliitiiii!^  in  pcrnkiouA  anemia. 


IL  IHfl^aie  degencrfttlon  uf  ror«1  fn  intc'tiRe  auetnia  nMocintcd  witli  cUmnlc  fUirciichjriiiA* 
tuuii  tii'pliritis  neervicaJ  cofdji, 

FiRB,  1,  2.  And  3  prwt'nt  the  difTiise  toxic  b-slon<  mtt  with  in  Bnomle  ami  rachectir  erm- 
dttlnn-x^  The  dejiretienition  UdifTuHe,  not  <Mfil1ned  to  imv  p*irlk'ul«r  irnct  of  th»'  ronl,  but 
tuaally  pnLMh^minntlni?  in  the  pNrHtter(ilat*;iml  Hna^i.  It  in  nut  infri-qnemly  referr«<d  In  lu 
postem lateral  »clero«ig.  Fii^.  I  is  Trnm.  aa  early  case,  and  HhoWB  tht;  retatluii  of  iht*  dt>- 
generatluD  to  the  arterial  iiupply  of  th«  po«terior  culiimna. 


A 


LEASES  OF  THE  PERIPHERAL  NERVOU^ 

TUMORS, 

GHotna. — Of  the  primary  timiors  of  the  spinal  card,  tho  most 
frequent  and  important  is  glioma.  This  is  usually  inliltniting  in 
type  and  elongated,  extending  for  a  distance  of  several  segments 
along  tlie  cord,  and  sometimes  involving  the  nerve-roots,  causing 
them  to  swell  and  Ijimme  harder.  It  may  give  rise  to  euriuus 
distortions  in  shape,  and  an  apjiarent  hypertrophy  ;  this  latter  is 
probably  the  result  of  the  compression  in  a  longitudinal  direction 
of  some  jK>rtion  of  the  corfl,  so  that  in  a  given  section  more  gan- 
glion-cells are  found  than  would  normally  be  present, 

Proliferjtion  of  the  nenmglrar  tissue  of  the  cord,  cansing 
increase  in  size  of  the  segments  ritRetetl— oiten  without,  however^ 
distiuetly  injuring  the  normal  tissue  of  the  ettrd^may  be  pro- 
dneed  by  pressure  on  the  outside  or  by  interference  with  the 
circulation.  It  occurs  in  cases  of  tumor  of  tiie  membranes  or  of 
the  spinal  cohmin,  in  disease  of  the  spinal  column,  and  in  pachy- 
meningitis. The  neuroglia-tissne  frequently  contains,  in  addition 
to  the  iuerease  in  the  nnudur  al'  fihiTs,  huge  in ulti]x«lar  cells  that 
have  been  deserihed  in  true  gliumata  by  Stroebe.  They  are  best 
shown  by  IMallory^s  staining  methLRl. 

Sarcoma  alone,  or  eontaiuiug  gliomatous  or  mucoid  tissue,  or 
of  the  type  known  as  augiosarettma,  may  also  appear. 

Carcinoina  and  siireoma  may  also  apjwar  as  metastatic 
growths. 

Cysts  are  exceedingly  rare,  hut  both  the  echinococcus  and  the 
Cysticercus  cellulosie  have  been  reported. 


CHAPTER    XIV. 


DISEASES  OF  THE  PERIPHERAL  NERVOUS  SYSTEM. 

THE  GANGLIA  OF    THE  CRANIAL  AND  SPINAL  NERVES. 

The  ganglia  of  the  cranial  nerves  may  hv  diseased  as  a 
resoh  of  ext(  iision  of  p!it!udi»^ic  pr*>cesses,  nsiially  tiibercnWis, 
from  the  snrrniindin^^  bony  strnetnres.  It  is  probable  that  they 
are  also  snlijeet  to  intlammatory  ^-han^es.  Spiller  and  Keen  have 
reported  the  resnlts  of  the  examination  of  a  number  of  Gasserian 
ganglia  removed  on  aeeunnt  of  j>ersi8teiit  trifacial  nenralgia,  in 
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which  they  found  degeneration —in  some  cases  total^ — of  the 
niyelin-sheaths  and  the  nerve-fibers  in  the  ganglia*  In  one  case 
the  degenemted  nerve- tissue  was  replaced  by  eonnec^tive  tissue, 
giving  rij^e  to  marked  sclerosis.  Oet^asioiiutly  the  cells  in  the 
ganglia  had  iiiidergone  atrophy,,  and  in  all  instances  the  vessels 
were  ilistinotly  scleroticj  the  luraen  being  sometimes  completely 
obliterated.  The  authors  believe  that  these  changes  are  not  pri- 
mary, but  secondary  to  lesions  in  the  periphenil  sensory  nerves. 

The  Spinal  ganglia  may  alsii  be  diseased.  Slight  degenera- 
tive changes  hav*'  lieen  notcnl  in  loef>nint<tr  ataxia  and  as  a  result 
of  peripheral  neuritis*  In  this  case  tlic  walls  of  the  ganglia  show 
swelliny:  and  granulatiun  of  the  ehrouuitin-bodies,  and  are  often 
somewhat  shruukeu.  More  fref|ucntly  the  gjinglia  are  invtdved 
as  a  result  of  disease  of  the  snrrouudi ng  bones  ;  particularly  e^iries 
or  sarcoma  of  the  spine  may  pnxhice  piussnrc,  resuJting  in 
atroj>hy,  or,  in  the  ease  of  tire  former,  areas  of  tubercular 
softening;  The  gantrlia  of  the  spinal  nerves  are  Si)metmies  Ibuad 
disKised  in  ca.^es  of  herjx's  zoster,  and  are  sup|K>sed  to  hav'c  an 
etiologie  relation  to  that  disease.  Zinuo  has  repotted  a  case  in 
w^hieh  there  appears  to  have  been  a  chronic  swelling  of  the  ganglia, 
son)e  id*  which  were  as  large  as  a  pigeon's  i^^^^  as  a  result  of  a 
hyperplasia  <d*  the  neuroglia  and  the  connective  tissue.  These 
swollen  ganglia  [>ressed  upon  the  eonl  and  produced  secondary 
degenerations.  Enlarged  spinal  ganglia  have  also  been  observed 
in  acromegaly. 

THE    NERVES. 
CIRCULATORY   DISTURBANCES- 

Hyperemia  of  tlie  nerve-trunks  attends  acute  inHamniations, 
The  v*'ssels  of  the  ])eriueurium  ni:»y  !>e  iutenselv  injected. 

Hemorrhages  may  rc^sult  fmm  aeute  ciuigestion  or  irom 
traumatic  injuries.  They  take  the  fbrm  <d*  punctate  ecchymi>ses 
in  the  perineurium  or  euiloneurium. 

Edema  of  the  nerve-trunks  nuiy  occur  in  the  nerves  travers- 
ing areas  of  iuHammation* 

ATROPHY   AND  toEOENERATION. 

Atrophy  of  the  nerves  oeeurs  in  cousecprence  of  pressure 
upon  the  nerve  or  ns  a  result  of  disejise  (nrurUis)  of  the  nerves. 
It  may  also  result  from  disease  nf  tlie  centnd  nervous  system, 
causing  disturbance  or  destruction  of  tlie  nuclei  of  origin  of  tjic 
peripheral  nerves.  Occasionally  atrophy  arises  without  detiiiite 
cause  in  old  age.  The  changes  in  the  nerve  are  similar  to  those 
following  section  of  the  nerve,  anfl  are  deserilicd  under  the  head- 
ing Degen«^nition, 

Degeneration. — Injury  of  a  nerve  in  its  ooimse  produces 
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various  manifestations  in  the  nervp-fihers  corresponding  more  or 
!e»e  to  the  nature  of  ttie  ile,^triictive  agencie.s*  It  is  obvious  that, 
if  the  nerve  be  divitleii  l>y  ii  elean  incision,  the  degenerative 
ehunges  below  the  point  of  incision  will  be  less  extensive  tlian  if 
the  destructive  agent  is  sovercj  sneh  as  in  eauterization,  the  eriish- 
ing  of  the  nerve-trunk  with  extensive  disintegrationj  **r  the  re- 
moval of  a  section  lyf  some  length.  Still  milder  changes,  how- 
ever, may  be  prwluced  by  a  ligature  that  is  not  drawn  tightly 
enough  to  destroy  enmpletely  all  the  nerve-tiliers*  Dt^generative 
changes  are  less  [ironounrcd  if  there  is  promjvt  coaptation  of  the 
injured  ends,  or  if  the  continuity  of  tlie  nerve  is  not  entirely 
destroyed. 

If  a  nerve  is  examined  immediately  after  injury,  there  will  be 
found  only  deformity  of  the  ncrve-tibers.  This  consists  in 
dislociition  of  the  myelin  and  perliajis  filirinatiou  of  the  axis- 
cylinderj  so  that  it  seems  to  be  crushed  into  aufl  difi'useil  tlirnugh- 
out  the  white  substance  of  the  nerve-fibcn  Within  a  few  hours 
the  cells  in  the  niyelin-sheath  begin  to  cxliihit  signs  of  degenera- 
tion, the  chromatin  swells,  stains  more  feel>ly,  and  may  undergo 
fragmentation.  At  the  end  of  eighteen  hours  the  axis-cylinder  is 
usually  slightly  swollen  and  its  outline  becomes  irregular.  Tfiese 
changes,  however,  are  by  no  UK^ans  unitivrm  throughout  the  whole 
nerve;  simie  parts  perhaps  being  almost  m>rmal,  and  f>tliers  ex- 
tensively degenemtetL  Wieting  states  tliat  the  cunes  of  Sehmidt- 
Lantermann  Ix^come  evident,  and  are  the  first  indication  of  nutri- 
tive disturbance.  At  the  end  of  thirty-six  hi>nrs  the  myelin-sub- 
stanee  has  undergone  intiy  degeneration,  with  the  formation  of 
small  globules*  These  changes  are  found  on  Ixrth  sides  of  the 
lesion  ;  on  the  proxinial  side  extending  to  the  first  node  of  Ran- 
vier,  and  on  the  periplieral  side  extending  considerably  beyond 
this.  At  first  the  changes  in  both  fnigments  are  ajiproximately 
equal,  l>nt  those  in  the  periphenil  end  rapidly  j>rogress,  and  soon 
dominate  the  field.  The  changes  in  the  perijiheral  friigrnent, 
however,  are  nmre  pronounce<l  near  the  Icsiun  an<l  diminish  to- 
ward the  ]»eriphery.  In  the  central  end  there  are  nearly  always 
a  few  libers  that  degenerdte  as  far  as  the  spinal  cord,  but  tJiese  are 
the  exception. 

REOENERATION  AFTER  INJURY  OF  A  NERVE, 

The  first  sign  of  ivgeneration  is  proliferation  of  the  cells 
of  the  sheaths.  Their  nuclei  exhibit  karyokinetie  figures,  and 
there  appears  to  be  an  increase  in  their  protoplasmic  std>stanee. 
At  the  same  time  the  cells  of  the  connective  tissue  also  under* 
go  nrultiplication  and,  to  a  certain  extent,  act  as  phagocytes, 
absorbing  the  tatty  detritus.  The  protoplasm  of  the  cells  of 
the  sheath  gradually  elongates  and  occupies  the  situation  of  the 
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mjdiii-^^ibsftaiice  and  the  old  axi«-<yliDder.  Tbes^  appesr?  k«  lie 
MOM;  drMibt  wln^iier  thes^e  chaIlg<e^  am:  more  pxx.tiK*iix>oed  in  liie 
prriximal  or  di<tal  fraigmeou:  at  any  rau-,  tbe  fo^c^^iifaism  of 
the  cells  of  the  e^bflathi^  oo  both  fide?  of  the  le^«n  f«iem  lo 
poaebi^  phag<rxr\tjc  prr>pertie^  aod  Uj  absoih  some  of  the  fat  and 
detritus  rei^ultiIlg  frc^i  the  degenerative  cjianges.  Hie  jircoc*- 
phmmir:  ma^  usually  closes  the  free  ends  of  the  nerre-fibePs, 
aod  as^!»ume*  a  s^imewhat  conical  form,  n<:*t  unlike  a  iK«de  <c 
Kanvier.  Thi?  ma?^  appears  to  be  cr>ntinu<:»us  with  the  parnalhr 
degenerate*]  end  of  the  axk-cylinder.  Toward  the  end  of  the 
fir^t  week  the  elongated  protophu^mic  masse*  in  the  end  of  the 
nerve-fil>erf^  ljeor>me  •omewhat  differentiated.  In  the  interictf* 
may  be  seen  a  delicate  fibrillated  stmctnre  that  appear?  to  he  ««- 
tinuoas  with  the  axis-cylinder  of  the  ner\-e  ;  outside  of  this  is  m 
delicate  grayish  membrane,  but  both  of  these  structures  lie  within 
the  old  myelin-sheath,  in  as  fiir  as  it  is  preserved.  Tliepe  is  cc*d- 
Kiderable  dispute  among  pathologists  as  to  whether  the  centnd 
fibrillated  mas-  arises  frr>m  the  pre-existing  axis-cylinder  or  frc«m 
the  pHitoplarm  of  the  cells  of  the  sheath.  SrP'>ebe  maintain^ 
the  former  view,  and  believes  that  the  axis-cylinder,  as  ?i(K>n  as  m 
suppTirting  and  dire«'ting  skeleton  has  been  formed  by  the  pnc*to- 
pla*m  of  the  cells,  begins  to  grow,  extending  toward  the  lesion^ 
outward  along  the  pr^itoplasmic  support.  It  is  certain,  at  any 
rate,  that  in  the  course  of  time  the  differentiation  becomes  so  di^ 
tinct  that  it  can  be  se<,-n  that  the  fibrillateil  central  portion  is  m 
delicate  axis-cylinder  continuous  with  the  old  one,  and  that  the 
gray  mass  is  Ijecoming  the  myelin-sheath  of  the  fiber.  As 
the  new  nerve-fibers  increase  in  length  they  gradually  pass 
through  the  injured  area  and  come  in  contact  with  the  proximal 
arr^a  of  the  jK^ripheral  fragment.  In  this  a  somewhat  similar,  but 
certainly  K**  active,  pnx.-ess  has  been  taking  place — that  is  to  say, 
the  cells  of  the  sheath  have  undergone  proliferation  and  have 
fornie^l  protoi>la-mic  masses  at  the  ends  of  the  filxr.  Differentia- 
tion in  thi*  protoplasmic  mass  d(x*s  not,  however,  appear  to  i»ccur 
until  the  new  axis-cylinder  reaches  it.  Gradually  the  ner\-e 
approximate-  more  and  more  closely  to  the  normal  appearance, 
the  axi---<vlinder  becoming  more  distinct  and  the  myelin-sheath 
thicker  till  it  can  l>e  said  to  be  re-establisheil.  In  the  cour^^ 
of  the  al)sorj)tion  of  the  fatty  and  other  detritus,  cells  accu- 
mulate in  the  connective  tissue  of  the  nerve  and  between  the 
fibf;rs  that  are  fille<l  with  fat-droplets,  which  are  probably  ordi- 
nary- conifMiund  granular  cells.  It  is  questionable,  however, 
whether  they  are  derived  from  the  endothelium  of  the  lymph- 
spaces  or  from  the  leukocytes,  or  whether  they  represent  the 
excess  of  the  proliferated  cells  of  the  sheath.  Somewhat  later, 
concentric  raassf»s  may  be  found  that  resemble  very  closely  the 
amyloid  or  hyaloid  bodies  of  the  central  nervous  system.     In  the 
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study  of  these  subjects,  iis  in  the  ,study  of  the  details  of  all  the 
finer  structures  of  the  ner\^ous  system,  nnich  depends  upon  the 
freshness  of  the  tissue,  tlie  method  of  fixation,  una  the  stain  em- 
ployed, Stroebe  used  chiefiy  aniliii-blue,  which  stains  the  axis- 
eyliu(k*r  distinctly.  Von  Biiugner  {employed  saftVdnin,  Neither 
method  renders  it  absolutely  certain  whether  tlie  new  axis-evlinder 
is  formed  by  the  elongation  of  the  pre-existing  axis-eyiinder  or 
from  the  protoplasm  oi'  the  cells  of  the  sheath.  It  seems,  a  priori, 
reasonable  to  eonelude  that  if  the  ax is-ey Under  does  not  directly 
elongate  and  form  the  new  axis-cylinder,  at  any  rate  it  exercises 
some  peeuliiir  trophic  influence  np(>n  the  protophism  of  the  cells 
in  immediate  contact  with  it,  and  is  the  cause  of  the  peculiar 
differentiation  into  fibrillar  substance.  It  is  certain,  moreover, 
that  as  this  fibrillar  mass  grows  tUiwnw^ard  it  passes  by  the  nuclei 
of  the  cells  of  the  sheath,  and  does  not  appear  to  grow^  by  the 
simple  conversion  of  contiguous  protoplasm.  On  tlie  other  liand, 
if  the  lesion  has  caused  destruction  of  an  extensive  portion  of  the 
nerve,  so  that  tlie  new^  axis-cyliuders  do  uftt  nnnv  In  contact  with 
the  periplienil  fragment,  tliey  cease  to  grow,  fonuing  first  an 
irregular  mass  of  fil>ers  with  delicate  myelin-sheaths,  that  are 
soon  surrounded  and  comt>ressed  by  tibrous  connecti%"e  tissue. 
It  therefore  seems  plausiljlc  to  believe  that  certain  nutritive  ele- 
ments are  contained  in  the  jicriphcral  segment,  which,  if  they  do 
not  form  the  axis-eyiiuder  directly,  are  at  least  absolutely  essen- 
tial to  its  growth  and  vitality. 

INFLAMMATIONS* 

Neuritis  may  be  either  acute  or  chronic.     It  has  also  been 

classified  as  parenehymntous  and  interstitial  ;  the  former  compris- 
ing the  degenerations  of  the  nerve-fil)ers  without  involvement  of 
the  connective  tissue,  and  the  latter  comprising  all  those  forms 
associated  w^ith  the  characteristic  signs  of  an  inflammatory  proc- 
ess in   the  connective  tissue  of  the  ncrv^e. 

Acute  interstitial  inflammation,  or  neuritis  proper,  may  be  caused 
by  direct  extension  from  an  inttanmiatory  focus  in  the  surrounding 
tissue  or  by  trauma,  or  as  the  result  of  some  as  yet  unknown 
poison,  which  is  generally  suj>posed  to  be  rlieuniatie  in  nature.  It 
may  also  occur  in  the  course  of  acute  infections  diseases,  or  as  an 
independent  condition,  as  in  bcri-l>eri*  The  intlammntnry  changes 
occur  in  the  perineurium  and  the  endoijeuriuni.  The  nerve  is 
swollen,  soft,  and  pinkish  in  color.  Microscopically,  both  the 
perineurium  and  the  tnibetnila?  of  conneetive  tissue  are  increased 
in  size,  the  blood-vessels  are  distendetl,  and  there  is  extensive 
round-cell  infiltration.  In  the  acute  forms  partially  degenerjited 
fibers  w^ith  fatty  myelin-sheaths  and  swollen  axis-cylinders  are 
found  very  early.     The  primarj'  change  unquestionably  oQR.v»?t^  x^ 
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die  coDoective  tis.%ueyand  the  nerve-fibers  are  involved  seooodarily, 
tlie  mye I iri-s heaths  being  the  parts  first  affected. 

Clironic  interstitiid  neuritis  may  foll*>w  the  acute  form  or  com- 
as an  iodependent  condiiion.     The  ucrve  is  harder  than 


Fie»  M2.— Keuritit:  longiludinal  secticm«  showing  clesenermted  nerve-fibers  ililaek) ;  i 

Uy'B  ineihod ;  X  300. 

normal,  the  connective  tissue  is  increased,  the  walk  of  the  blood- 
ves:^els  are  thiekened  and  t!»rir  hnnina  may  be  jxirtially  obliterated. 
More  or  let^s  rotiud-ceil  ujfiltraiion  is  found  in  the  hyperplastic 
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Fto,  368.-Clironic  hypertrophic  f nterstitinl  neiirttb  icwe  of  JDeJertne) ;  x  IOOl 

connective  ti^ne,  and  the  nerve-fibers  show  extensive  degenera- 
tion, many  of  them  having  *llH;apj>earc*d,  and  the  few  that  remain 
pr<-»f^enting  nuirked  morbid  thangei^.  Often  there  i^;  a  distinct  pro- 
liferution  of  the  celU  in  the  neurilemma.     This  form  of  neuritis 
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in  particular  is  aBStK*iated  with  muscular  degeneration,  and  appears 
to  give  ri??e  to  tlie  type  kuowu  as  tlie  neural  form  of  progressive 
muscular  atrophy.  Associated  changes  are  often  iound  in  the 
spinal  conl,  and  consist  t>f  an  ascending  degenenition  in  the  pos- 
terior cohmins  and  nir>re  or  less  altenitiou  of  the  ganglion-eel  Is. 
In  a  variety  i>f  this  disease,  di-seribed  by  Dejerine  under  the  nnme 
of  chronic  hi/pert rofthic  Infcrdiikd  ncuri(ij<f  then*  is  an  actual  o\'i^r- 
growtli  r>f  the  conneetive  tissue,  the  nerve-tnuiks  fi>rming  huge, 
iiroi  eords,  several  times  the  normal  thi(!kness,  that  may  readily 
bo  felt  beneath  the  skin.  This  disease  is  apparently  due  to  some 
hereditary  inttuenee  ;  two  of  the  three  eases,  hitherto  rej>orted, 
occurring  in  the  stinie  family.  Mieroscopieally,  the  changes  con- 
sist fif  an  enormous  proliferation  of  the  eminective  tissue  with 
round-eel  I  intiltnition,  partly  ahtait  the  sclerotic  blood-vessels, 
and  pronounced  degeneration  of  the  ncrve-iihers.  The  muscdes 
undergo  degenenitive  atrophy,  and  there  are  secondar}'  degenera- 
tions in  the  sjvinal  cord. 

Suppurative  neuritis  is  nearly  always  secondary  to  suppuration 
in  the  tissue  snrnrundiug  the  nerve.  It  is  chanicterized  by  tlie 
presence  of  small  Joci  tif  jius  in  the  connective  tissue  and  softening 
of  the  ni'rve-trunk.     The  nerve-fibers  degenerate  very  rapidly. 

Parencliyiiiatous  neuritis  is  eharaeterizetl  by  a  prim  a  it  degener- 
ation of  tlic  nervc-fih»  rs,  the  alterations  in  the  connective  tissue 
being  secondary.  It  is  always  due  to  some  t^ixic  or  infectious 
substance  eirculating  in  the  fluids  tif  the  botly.  The  most  common 
causes  are  lead,  arsenie,  alcoluJ,  and  di[>iitheria  ;  but  it  also  occurs 
as  a  result  of  other  poisons  and  ini'ectious  diseases,  and  in  the 
course  of  tabes  dorsjdis.  The  nerve-trunk  becomes  slighter^ 
finuer,  and  gmyer.  Intlanimatory  changes  are  slight  or  absent, 
while  tlie  degeneration  of  the  nerve-tibers  is  pronouneed.  Changes 
have  fre(piently  been  found  in  the  cells  in  the  anterior  cornua  of 
the  spinal  cord. 

Polyneuritis  does  not  differ  from  the  isolated  fornix  excepting 
that  a  numlicr  of  nerve-trunks  in  various  parts  of  the  body, 
usually  the  limbs,  arc  affected  at  the  same  time.  It  is  most  fre- 
quently of  the  parenchymatous  type. 
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INFECTIOUS  DISEASES. 

Tuberculosis  of  the  nerve-trunks  is  due  to  direct  extension* 
It  most  commonly  atf'eets  the  roots  of  the  nerves,  and  occurs  in 
the  course  fvf  tuberctdar  spinal  or  cerebral  pachymeningitis.  The 
connective  tissue  is  lirst  affected,  and  may  contain  small  cheesy 
foci,  in  which  epithelioid  and  giant-cells  are  found.  The  nerve- 
fibers  degenerate  secondarily. 

S3rphilis  also  occurs,  chiefly  in  the  nerve-roots.  It  causes 
overgrowth  of  the  connective  tissue,  particularly  in  the  perineik- 
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rium,  witFj  fir*r*;-?ure  upon  and  degeneration  of  the  nerve-fibers. 
Ournmata  an;  •/imetime?;  observed  upon  the  cranial  nerves. 

Leprosy  i«^  cJiaracterized  by  the  presence,  in  the  connective 
tmhU't  of  the  nerve-filjers,  of  large  epithelioid  celU  ointaining 
va/ruole-5  more  or  I*;???*  filled  with  lepra-bacilli.  The  bacilli  caii^e 
a  f'J:rViin  amount  of  liyijerjilasia  of  the  connective  tissue,  which 
pre?iKrfl  up^in  and  eventually  destroys  the  ner\'e-lil>ers.  The  dis- 
iOLrifi  afTect-*  the  .'•mall  cutaneou.**  ner\'es  almost  exclusively,  and 
i^aunfi'i  anff«$thf^ia  and  trophic  changes  in  the  skin. 

TUMORS. 

Netiroma. — The  tumors  embraceil  by  this  term  have  been 
Huffi^ri^'Htly  ih»r-criU.'il  under  the  heading  Neuroma,  in  Part   I. 

Sarcoma  is  a  rare  tumor  of  nerve-trunks.  It  takes  its  origin 
from  tlie  rronnective  tissues  of  the  ner\'e. 

Muscle-fibers  are  sometimes  found  in  intramuscular  nerve- 
trunks.  They  usually  exhibit  proliferation  of  the  nuclei,  but  the 
Htriations  r(*inain  distinct.  Their  position  has  been  ascril>ed  to 
errors  of  develojiment,  but  it  is  not  certain  that  they  are  without 
function. 
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PATHOLOGIC  TECHNIQUE. 
GENERAL  METHODS. 

L  EXAMINATION  OF  FKESH  SPEOMENS. 

The  micnwcopic  exiimiuatioti  of  freuU  iijiecitiieiis  h^  falieii  into  disuse  to 
a  large  extent  tiitiee  the  discovery  and  perteetion  of  methods  of  tixjitioii,  em- 
bedding:, and  **tiiiiiin^.  There  art%  however,  some  udvaotugeH  ii»  examiuiug 
fresh  tissues^  espeeialTv  in  the  study  of  the  ehjin^e??  in  the  tiijer  slrnetureof 
cells.  In  clouay  awelling,  hydrop^ieal,  fiilty,  and  inueouH  degenerations  I  lie 
cellular  ehanges  are  mmh  more  dktiuct  in  the  freah  than  in  the  fixed 
specimen. 

1.  Scctlaning  Fresh  TJdBue* — Sections  may  be  cut  free  hand  witli  a 
razor  or  with  the  freeitijig  niierotome  or  double  knife  and  examined  in 
certain  inactive  solutiiins,  MUeh  aa  physiologic  tialt  solution  (O.ti  to  0.8  per 
cent.)  or  sterile  serum,  hydrocele  fluid,  ascitic  liquid^  or  freshly  voided  urine* 
A  section  of  the  specimen  cut  as  thin  :is  possible  is  placed  in  the  examin- 
ing fluid  on  the  glass  slide  and  ctjvered  with  a  eover-ghisa  which  is  sealed 
to  the  slide  with  Vftselin  or  combinations  of  vjiselin  and  wnx  to  prevent 
evaporation  of  the  fluid.  When  transudates  are  used  as  the  examining  fluid 
their  renn»val  must  be  carefully  conducted  so  as  Uy  secure  sterile  liquid,  and 
if  there  are  many  cells  in  the  fluid  these  should  be  removed  by  centrifu- 
gation  or  by  allowing  the  fluid  to  stand. 

2.  Teasinsf. — This  is  partirularly  useful  for  elastic  tissues,  mnsclea, 
nerves,  ami  tendons,  and  for  such  tumors  as  myofibronui»  spindle-cell  sar- 
coma, etc.  The  tissue  may  be  tetised  with  needlVs  in  its  fresh  state  or  may 
retjuire  preliminary  maceration  in  certain  fluids.  For  this  latter  purpose 
one  or  the  other  of  the  following  fluids  are  recommended,  and  the  piece  of 
tissue  intended  tV»r  maceration  is  placed  in  a  watch-glass  and  barely  covered 
with  the  macerating  liquid.  It  is  allowed  to  stand  tor  various  periods  of 
time,  according  to  the  liquid  used, 

(tf)  Afeohoi  (33  per  cent.). — Useful  for  mtisclea  and  glandular  organs. 
Small  pieces  macerate  in  twenty -four  hours. 

{h)  KHO  Sofnlion  (32.o  per  cent.)  (fresldy  prepared). — The  tissue  is 
macerated  for  from  ten  to  lifteen  minutes;  then  placed  in  50  percent,  acetic 
acid,  in  which  it  is  moved  to  and  fro  tor  a  minute  antl  then  examined  in 
glycerin,  either  immedintelv  or  after  staining  with  alum-carmin, 

(c)  Chromic  Add  {I  :  20 .WO  or  1 :  1 00,000 ).^Thia  macerates  in  twenty-four 
hours.  Potassium  bichromate  f2  per  cent.)  and  Miiller-s  solution  act  in  from 
two  to  four  days.  These  solutions  are  especially  useful  for  the  brain  and 
spinal  cord,  to  isolate  the  ganglion -eel  Is,  glla-celk,  and  nerve-fibers. 

{ft)  Osmir-ndd  mlution  W  per  cent.)  is  useful  for  meflulhited  or  non- 
mednllatpil  nerves. 

3.  diemrcal  agents  may  be  necessary  to  bring  out  the  cells  more  dis- 
tinctly or  for  microtthemiciil  reactions.  The  reagent  is  placed  at  one  side  of 
the  cover- glass,  the  thin  section  having  previouHly  lieen  placed  in  poHvtxssot 
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n.  FIXING  AND  HARDENING. 

ii,:':  '.':.:.:  r  .  .:.  :.-  i-  :-■-  '.l"-;:-.-.     ii.\:::.vj  >  :-.  >-.-:•  r.iary  rrxres*  l.y 
It-  ::.  t'.     .••■■•  '..  -    ..■:..■.  a.  i::-:.*.-  ';••-:   :    *.-  r.x  :■.:'  .  Liri-.:"  a:  :r;o   same 

1.  General  Rules.—        1:-      '   ■   >  :   ..-:      .   s:.  i".     r.  :  ni-vo   1  t«.   > 

Kx  ■  —  :  ::■..;-:.  -.  i  ^  •  '.-•  '.—:■  r.  :  :.v^:.:y  :i:::t'i  :i;r  v- -lunie  t*t 
::.-.  :!--■:  ■  •  -  ■  -  ny^  .  T:.--  -  ..''.  :.  *:.  :.  . '.  ■  ■..  r:.^-  i  :i.:'.iT  I'l:^-  tirst  himr. 
av-i  :■.-:.   :.^:.y '::.'.:  X'    ■.:.:;-":■■■.      :..:    •  :■  . 

«■••:..  ;:..---•.■■  ..  •  :  :  ".  :*.::_•-:.::•  r  -.  .  -  :  •-  '.  'aooi  :n  rhe  botli.nn 
r.:*.i  •■  - :■:  •.■;.■  ;i:.  ".  '  -•-.•.■.• :.  ;  ;.   •  -  ■  :  •.  —  ■.•    -    :.  .*:  *.:.-  r.xiiic:iEi'i  hanieii- 

'  A::-  r  r:x:-.::  ii  ::.••  -:■:  ";::.•"-  ar-  ^^..-:  ■  :  :  r  :'r  ::".  -  r.e  :■»  twenty-four 
1,' ':r-  ::i  -^j!.:  ir.j  wa:- r  a:.-:  •:.-•.  :...r  :•  :;•  Iv  jr.*  :i;.i!.y  ::..'rt\i«ini:  stron^tL- 
■  ■!  .•-■•.-.'.  ']":.- ::.-ir'- -"."w'.v  ::.-:  -:rr!ij*":  *  :':.•.  a'..  •  i;-.  i-  inrreiL**:*.!  the 
!»--  -'.  ri'ik;!  _-  *■'•:■  -  :■!.:■■•. 

2.  Agents  Used  for  Fixing  and  Hardening.—  •  Alcohol. — Streiiirths 
fi:"  1*»;  •  .  Inn  .  .-r  .-.r.-.  i.MiV  ■  »■  ti-.  .1  iv  r /i:..iry  (Msv*.  Fnaii  7«»  :•>  V>»»  per 
t*-u'..  :i;«'-f;nl  i<  -!«iw»r  in  m-'i-n  :in«l  ;■  *-  i  ■:]■.:  •".•  :r.  but  n'wv^  bettor  ri=^ulr'i. 
Til-  .i:'-":i"i  'ii-'ui'i  r'»-  '■1::itil''''1  at  lt:i.-:  :i.r»^-  timr-.  and  always  a*  .siK-»n  as 

it  br-j  .,n.»'-  .-l-iiiily. 

Al'-nlir.l  i-  u-.-tul  f'T  r.'ir.j'i  tixati-T.  t'-t  t'lt;-  i-r-mnnstration  of  bacteria  in 
til.'  ri-:*u«'*.  aii'l  a]*M  for  rbnion-trati"ii  r-r  L'-yi-n-jen.  a-*  the  latter  dis<«.lv^-s 
in  w:iTi-ry  •iohiti'in-'. 

Alinlml  i-  n.i  ii^i  Mil  in  -'im»MM«.i-«..  a*  wluii  ti<>ins  are  particularly  liable 
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to  sliritik  aud  in  cua&ii  in  which  it  i&  iutended  to  briog  out  red  corpu.^de^ 
and  variouss  pignit^nts, 

{h)  Formalin. — This  ia  one  of  the  besst  fixing  a^ent^  for  patliologic  ma- 
terial, although  it  di>erf  nut  answer  in  every  ca.se.  It  in  Hatirffactory  for 
practically  all  the  staining  methods,  including  hacterial  staining*  Among 
it«  fipecial  advantageji  are  its  fixatiou  of  red  corpuscles  aud  the  rapidity  ot 
itttiUition.  The  sfdutiona  shouid  be  kept  in  dark-brown  btittlesj  and  the 
strength  may  be  \*aried  in  ditlereiil  eaxe**  frum  4  In  1(J  per  cent.  (That 
is,  the  cominereial  4U  per  cent  iiolution  is  diluted  with  9  parts  or  3 
part«  of  water  respectively.)  The  4  per  cent,  jsolutiun  is  generally  used. 
The  stronger  solutions  Bometimet*  muse  red  corpuseles  to  become  brown  and 
also  produce  pigmented  preeipitationr*  which  have  somelinieii  been  mia- 
Uikeii  for  parasites.  This  precipitation  also  occurs  after  prolonged  fixatitin. 
Tlietixtiti on  requires  from  three  to  twenty- ibur  hours,  and  the  hardening 
may  be  carried  on  in  alcohol  with  or  witliout  prelijiiinary  washing  in  wat«r. 

Mliller's  Hnid  containing  10  per  cent,  furinalin  (Ortli's  solution)  is  very 
useful.  It  should  be  freshly  prejiared.  Fixation  requires  from  three  to 
twelve  hour^.  The  specimen  is  then  washed  liioroughly  in  running  water. 
Fixation  should  not  be  carried  to<j  far  lest  the  tissue  become  brittle.  This 
solution  ia  almost  a  universal  fixing  agent ;  it  is  rapid  and  gives  good 
results. 

A I  wo  lute  alcohol  containing  3  to  5  per  cent,  formalin  is  useful  when  very 
rapid  tixation  is  required. 

(c)  Sublimate  Solution. — This  fixes  cells  and  also  red  corpuscles  and 
pigmenU,  The  specimens  should  be  ^mall  and  thin.  Sublimate  may  be 
used  in  the  to  1  lowing  solutions  : 

(1)  .Saturated  aijueous  solution.     Fix  for  from  three  to  six  hours. 

(2)  Saturated  sublimate  in  normal  NaCi  Dissolve  by  heat  Fix  for 
from  three  to  six  hours. 

(3)  Sublimate  ^i,  acetic  acid  1,  distilled  water  HJO.  Fix  for  twenty- four 
hour><.     This  fluid  causes  very  little  shrinking. 

(4)  Zenker's  solution  :  Sublimate  o,  potassium  bichrtmiate  2.5,  sodium 
sulphate  1,  distilled  water  1*J<J.  Dissolve  with  the  aid  of  heat,  and  add 
glacial  acetic  acid  5  just  before  using. 

Ailter  sublimate  fixation  the  specimens  must  be  washetl  thoronghly  in 
running  water  for  at  least  twenty-four  lionrs,  and  then  to  remove  the  htst 
trace  of  sublimate  they  are  jilaced  in  a  dark-browji  solution  of  iodin 
in  70  per  cent,  alcohol  and  chanj^ed  as  often  as  the  iodin  is  decolorized. 
Very  prolonged  use  of  ioVlin  may  injure  the  staining  power  of  the  cells. 
To  obviate  this  the  sublimate  may  remain  in  the  specimen  until  the  tissues 
are  cut,  when  the  sections  may  be  put  in  Lugol's  solution  for  ten  minutes, 
and  then  in  alcohol  to  remove  the  iodin. 

Among  the  staining  methods  especially  useful  after  sublimate  fixation 
are:  eosin  and  henmtoxylin,  Biiimli-Heidenhain's  solution,  or  Heidenhain^s 
iron-hematoxylin  unshod. 

(d)  Chromic  Acid  and  Chromates. — The  acid  in  0i)5  to  O.o  per  cent  solu- 
tion may  be  used,  but  lie  Iter  results  are  obtained  with  chro  mates. 

Miiller's  solution : 


Potassium  bichromate, 
Sodium  sulphate, 
A<]ua  dest.^ 


2.5  gm. ; 
1.0    " 
100.0  ccm. 


k 


A  great  excess  of  liquid  should  be  used,  and  fixation  requires  a  long 
time,  ten  weeks  or  longer.  For  one  week  the  fluid  sliould  be  changed  daily, 
then  two  or  three  times  weekly  for  two  or  three  weeks,  and  then  once  a 
week.  The  additiim  of  a  small  piece  of  camphor  prevents  the  growth  of 
bacteria  and  yeast- fungi  in  the  solution.  The  hxation  is  noire  rapid  when 
the  solution  ctmtaining  the  specimen  is  kept  at  37**  C.  (98.3°  F.). 
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After  fixation  wash  for  tweoty-four  houiB  in  running  water  (excepting 
in  the  cai^  of  nervous  tiitsueii),  and  then  place  the  specimens  in  alcohols  of 
increasing  strength. 

Hematoxylin  and  eosin  give  the  best  results  after  this  fixation,  bat  car- 
min  and  other  stains  also  give  good  results. 

{e)  Otmic  Acid. — ^The  solution  should  be  made  in  boiled  distilled  water 
and  kept  in  a  dark  place  or  in  dark  bottles  with  glass  stoppers.  The  solu- 
tion, however,  rapialy  spoils. 

Only  very  small  pieces  of  tissue  (1  to  2  mm.  thick)  should  be  placed  in 
osmic  acid,  as  the  fluid  does  not  penetrate  deeply.  Fixation  snould  be 
carried  on  in  the  dark. 

After  fixation  the  tissues  must  be  washed  in  running  water  for  from 
twelve  to  twentv-four  hours,  and  then  hardened  in  alcohol. 

As  ether  and  xylol  dissolve  the  fat  which  has  been  stained  in  osmic  acid, 
they  cannot  be  used  for  embedding.  Chloroform  or  clove  oil  should  be 
used.  In  mounting,  Canada  balsam  containing  only  a  slight  amount  of 
xylol  should  be  used,  the  balsam  being  made  liquid  by  warming. 

Among  the  solutions  of  osmic  acid  in  common  use  are : 

(1)  1  per  cent,  solution  in  water.  This  is  satisfactory  to  demonstrate  fat 
and  to  ^T  nervous  tissue. 

(2)  Fiemniing's  solution : 

Chromic  acid  (1  per  cent.),  15  parts; 

Osmic  acid  (2  per  cent.),  4      *' 

Acetic  acid,  1  part  or  less. 

Fix  for  twenty-four  hours  or  longer,  then  wash  in  running  water  for 
twentv-four  hours,  and  harden  in  alcohol.  This  solution  is  especially 
valuable  for  the  demonstration  of  nuclear  structures  (karyokinesis)  and  to 
show  fat  in  tissues.     It  may,  however,  be  used  for  other  purposes. 

Bafranin,  gentian-violet,  and  carbol-fiicbsin  give  good  results,  but  stain- 
ing with  hematoxylin  is  somewhat  difficult. 

(3)  Hermann's  mixture : 

Platinum  chlorid  (1  per  cent.),  15  parts ; 

Osmic  acid  (2  per  cent.),  4    " 

Acetic  acid,  1  part. 

Small  pieces  are  fixed  for  from  one  to  four  days,  then  washed  in  water 
for  from  three  to  twelve  hours  and  hardened  in  alcohol. 

(4)  Altmann*s  fixation  fluid: 

Potassium  bichromate  (5 per  cent.).  I        ^^j    ^^^ 
Osmic  acid  (2  per  cent,),  j      ^       ' 

This  fluid  is  useful  to  demonstrate  cellular  granules. 

(5)  Hpecimens  fixed  for  twenty-four  hours  with  Orth's  (Muller)  formol 
solution,  and  further  fixed  in  1  per  cent,  osmic  acid  in  the  dark,  give  very 
good  results. 

(/)  Fixation  by  Heat. — Boiling  tissues,  such  as  edematous  lungs,  cysts, 
the  kidney  in  nephritis,  etc.,  gives  good  results  by  coagulating  the  albumin- 
ous contents  of  the  tis-sues.  Small  pieces  are  placed  in  boiling  water  for 
from  one-half  to  one  minute  and  then  passed  through  alcohol,  etc. 

nL    DECAIXnnCATION. 

Bones  and  other  tissues  containing  calcareous  matter  or  bony  particles 
must  be  flrst  decalcifled.  For  this  purpose  acids  of  different  kin(Mare  used. 
The  more  slowly  the  decalcification  is  carried  out  and  the  weaker  the  solu- 
tion of  acid  the  less  injury  is  done  to  the  tissues  and  the  better  the  resalta 
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1.  General  Rules. — (a)  Use  a  great  excess  of  the  decalcifying  liquid 
ami  fbange  tretiueiitly, 

(b)  U^se  small  pitves  of  tissue. 

(c)  Run  a  needle  ihrntxgh  the  ItBi^ue  during  decu  lei  flection  to  te»t  tlie 
conj|>let<!iieii8  of  the  pnM'f.Hs. 

((/)  VV^ash  thuruuifhly  to  remove  acid  after  decalcification* 

(f)  FreviouH  fixation  of  tij^^^ui^  in  often  de^iirable  before  decalcification. 

If)  Celloidiii  embeildiiig  givcH  the  l>eHt  results. 

2.  [decalcifying  Fluids^— (n)  MONer'a  solution,  witb  t»r  without  pre- 
vious tixation  in  f<>riiiEiHn,  deealeifit^  sbivvly,  the  time  rcotiired  varieHj  up  to  a 
month.  A  cimsUtnt  teniperature  of  tir^  C  or  the  additunjof  a  little  nitric 
ai  i d  ( M Li  1 1  e r ' s  H < » b J tio r i  200  io  H(X ► ,  UN ( >,,  1 )  g i v ea  good  resii I U  w i t h  »m al I 
pieces,  a.^  portions  of  the  bones  in  rickets,  congenital  Bypbilis,  teratotnai^p 
etc.     After  decalcilication  wasji  thoroughly  in  Witien 

ib)  Nitric  acid  i^  the  ino.*^t  frequently  used  decalcifying  agent,  and  is  em- 
pltjyed  in  a  number  uf  dilferent  mixtures. 

jl)  Thoma  j\fcfhf id. —The  tissue  is  fixed,  iben  hardened  in  alcohol,  after 
which  it  i.s  placed  irt  a  ndxture  of  alcohol  fi  parts  and  ftliicinal  HNU^  1  part. 
The  mixture  must  be  shaken  from  time  to  time  and  fretjuently  ebaaged* 
The  deealeiticatiim  is  completed  in  from  ei^rht  to  fourteeu  days,  after  which 
the  tissue  is  placed  in  alcohol  of  iiiereasiug  strength,  up  to  1*ti  j>er  ceni.,  to 
remove  the  acid.  By  testing  tlie  last  alcohol  with  litnius-paper  the  «lisap- 
pearanee  of  the  acid  reaeti^oi  can  be  det^^rniined.  It  is  well  to  add  to  the 
^>H  per  cent,  alcohol  an  exrcs«  of  i*recipitjiteil  carbon :Ue  of  cakium  and  to 
continue  this  one  day  after  the  disappearance  of  the  acid  reaction* 

(2)  Hmtij^  MfihofL — This  is  espet^ially  useful  for  tissues  fixed  in  sublimate 
or  formalin : 

Nitric  acid  (sp.  gr  i.2-i.5),  3.0-9ccnL; 

Absolute  alcohol,  70;0        '' 

Distilled  water,  341.0 

Sodium  chlorid,  0.25    gm. 

This  acts  quickly,  but  tlie  solution  must  be  frequently  changed  and  the 
tissues  thoroughly  washed. 

(3)  Rapid  results  are  obtained  with  a  solution  of  nitric  acid  and  phloro- 
glucin.     The  latter  [irotecta  tlie  tiasuea  against  excessive  action  of  the  acid: 


Pbloriiglucin, 
Nitric  acid, 
Alcohol, 
Wat^r, 


I  part ; 

r»  part«; 
70     ** 
30     " 


(4 )  Sch  nffer-n  Mefh  ot  l. — Sc  h  offe  r  h  as  fou  n  d  n  i  t  r i  c  aci  A  th e  bes  t  age n  t  i  n  that 
it  causes  lesist  disturbance  of  histologic  structure**.  iStrmig  solutiims  are  no 
more  rapid  in  action  than  a  5  per  cent,  solution.  Weaker  solutions  cause 
swelling  of  the  ! is.su e*^.  Additions  of  phloroglucin,  alcohol,  formaldehyde, 
etc.,  simply  retard  the  decalcifying  action. 

Mrtimd:  Fix  thoroughly  in  alcohol  ot  formaldeliydf.  After  decalcifying 
neutralize  excess  of  acid  with  *y  per  cent,  lithimn  or  sodium  sulphate  solu* 
tion;  then  wa^h  in  wsiter  and  carry  «ot  u*  inibedding  aiedia. 

(5)  Method  for  hig:]i]y  Calcareous  Tissues.  Imbed  the  thoroughly 
fixed  tisj^uc  in  celloidin.  Harden  the  block  in  K5  per  cent,  alcohol  ;  abstract 
the  alcohol  in  water.  Place  in  3  to  5  per  cent,  aqueous  solution  of  HNO* 
for  12  to  24  hours  (or  longer  for  large  pieces),  kc-eping  in  a  water  bath.  Pat 
in  T)  ]ier  cent,  sodium  car  lithium  sulphate  solution  for  12  to  24  hfmrs,  chan- 
ging once.  Wash  4JS  hours  in  running  water.  Dehydrate  in  alcohol  of  in- 
creiising  strength  up  to  8d  per  cent. 

{r\  Trichloracetic  Acid  has  been  recommended  for  tissues,  where  bacteria 
and  the  liner  structures  of  the  cells  are  to  be  studied.      Used  in  5  to  20  per 
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cent,  strength  with  frequent  renewal  of  the  solution  ^ves   good  result; 

After  thorough  washing  to  free  the  tissue  from  the  acid,  it  should  be  pawr 
1  through  the  onlinarv  fixing  sf>lutions,  alcohols,  etc. 

Schujeninow's  Method  of  Demonstrating  minute  Calcareous  Infil 
i  trations.  i. — Place  sections  in  40  per  c^nt.  alcohol  on  glass  slide,  then  trea 

with  2.i)  to  3.0  |KT  cent.  H,SO.  solution.   The  precipitated  caloiiiin  sulphat 

will  not  dissolve  in  the  alcohol  and  will  be  visible  as  minute  dots. 

IV.    EMBEDDING. 

The  object  of  embedding  is  to  facilitate  the  cutting  of  thin  sections  of  th 
tissues,  especially  those  of  spongy  texture ;  to  preserve  the  relationship  of  th 
comiMMients  of  a  tissue,  and  to  allow  the  cutting  of  very  thin  sei*tions  and  o 
the  haiullinc:  of  these  after  cutting. 

A.  Paraffin  Method. — ^The  specimen  must  first  be  fixed  and  hardene«] 
and  thrn  thoroughly  dehydrated  by  passing  through  various  strengrths  of  alco 
hoi  an<l  finally  through  absolute  alcohol.  Two  methods  of  paraffin  embed 
ding  are  in  use,  the  slow  and  tlie  rapid  methr)ds. 

(ft)  Slow  ^fethod. — After  removing  from  absolute  alcohol  place  specimei 
in  xylol,  changing  several  times.  It  is  allowed  to  remain  only  until  it  i: 
transparent — from  two  to  three  hours.  If  kept  longer  in  xylol  tfcie  tissue  be- 
comes brittle  and  shrinks.  It  is  then  placed  in  xylol-paraflSn,  a  saturate! 
solution  of  paraflin  in  xylol.  It  remains  here  from  two  to  three  hours.  It  I- 
then  plaoe<l  in  melted  parafiin.  having  a  melting-pc»int  of  from  54®  to  50"  C 
in  summer  and  winter  respectively.  The  melting-point  can  be  regulated 
best  l>y  mixing  varj'ing  quantities  of  parafilin  having  melting-points  of  54' 
to  .0()°C.  and  4.>°C.'  After  the  first  half-hour  the  melted  paraffin  should  bt 
changed  so  as  to  remove  the  xylol.  The  entire  time  for  the  melted  paraffiu 
is  fnun  two  to  five  hours,  according  to  the  size  and  structure  of  the  tissue. 

(h)  Rapid  Method. — 1.  A  small  piece  of  tissue  (2.5  mm.  in  thickness)  is 
placed  in  Orth's  solution  for  one  hour  and  washed  in  running  water  for  one- 
liaif  hour;  then  in  80  per  cent,  alcohol  for  one-half  hour;  95  per  ceat. 
alcohol  for  one  hour;  and  absolute  alcohol  for  one  hour. 

2.  Anilin  oil — 15  minutes  to  one  hour  or  until  transparent. 

3.  Xylol — from  two  to  four  hours,  changing  once. 

4.  Xylol-paraflin  (melted  parafiin  and  xylol  equal  parts) — two  hours. 

5.  Melte<l  parafiin,  54°  C  (>uninH'r),  50°  ('.  (winter) — two  hours. 
If  thespe<'iinen  is  very  small  the  time  in  each  solution  may  bt»  re<luced. 

For  very  rapid  fixation  absolute  alcohol  containing  .S  to  5  per  cent,  of  onn- 
nicrcial  formalin  may  be  used  for  specimens  not  above  3  mm.  in  thickne>>. 
Fixation  is  completed  in  from  one-half  to.on<*  hour.  The  method  may  K* 
j)rolong(Ml  U)  a  week  by  lengthening  the  tiniu  the  specimen  remains  in  eaoli 
solntion,  and  very  goo<l  results  are  obtained. 

('hlorolbrni  niay  be  used  instead  of  xylol  in  the  slower  method  and  give:* 
go<Ml  re>ults,  t'spfcially  in  the  osmic-acid  specimens,  as  the  xylol  is  a  sol- 
vent of  tat. 

Mounting  Blocks. — The  ])ieees  of  tissue  are  placed  in  position  upon  a 
block  of  wood  and  the  melted  parafiin  poure<l  over  it  so  as  to  completely  incHM^ 
the  tis.Hue.  Wlnii  tlu*  outer  layer  of  tin-  parafiin  has  hardened  the  whole  block 
is  thrown  into  cold  water,  which  eau>e>  the  |»aralfin  to  harden  rapidly  an<i 
evenly  throughout.  If  hardened  slowly  it  crystallizes  and  becomes  1'a» 
britth"  for  the  knife.  Lead  molds  or  paper  boxes  may  be  used  for  making 
the  |»arafiin  blocks,  as  mmuc  restraining  enclosure  is  necessary.  The  pa|Hr 
boxes  may  be  very  conveniently  made  by  folding  paper  over  a  s<iuare  olock 
of  wood,  leaving  one  side  of  the  cube  oj)en.  The  tissue  is  placed  m  the  moM 
and  parafiin  ]K>ured  upon  it,  or  the  mold  is  filled  and  the  tissue  then  ini- 
mersetl.  .lust  a*»  soon  as  a  scum  of  hardened  parafiin  forms  on  the  surfaw? 
the  mold  should  be  placed  in  cohl  water,  and  after  complete  hardening!^ 
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removed  and  fittadied-to  a  block  of  wood  with  melted  parflffin»  or  it  may 
be  placed  dirprt!y  in  the  clamp  r»f  the  microtome. 

Cutting  Paraffin  Block».~The  knitV  is  kei4  dry  and  i^  (ilact'd  at  right 
angles*  to  the  direction  of  the  iHierotonie  .^lide  if  siectioiis  ot  small  objects 
or  serial  sectioiis  are  wanted.  In  the  ea«e  td  larger  specimens,  especially 
thosic  with  irregular  edge.%  the  knife  should  be  driiwn  obliouely  aero.ss  the 
object.  To  prevent  the  rolling  of  the  Hection  on  the  knife  the  cut  ed^e 
of  the  .section  nhoii hi  be  caught  at  once  with  a  intiunted  needh?  bent  at  right 
angles*  to  the  liandle  or  with  a  eanjelVbair  brus^b.  The  sections  are  placed 
in  warm  water  (abotit  40°  C.),  whirh  caujies  them  to  fiatten  out.  They  are 
then  ready  to  place  upon  a  slide. 

To  Attach  Paraffin  Sections  to  Slides. — (1)  tSfrrtr  Mrtkml — After  theme* 
tion  Is  tlatleiieci  oui  in  warm  water,  a  slide  i^  (vushed  under  it  and  gently 
lifted  upward.  The  flection  jiiay  rmw  he  moved  to  tlie  |>r<iper  poj^ition  on 
the  «iide  with  a  brush  *>r  needle,  and  the  excess  of  water  drained  oil'.  The 
slide  is  then  put  in  a  hori/ontal  position  in  an  oven  and  kept  at  S7^  V.  for 
from  three  to  twenty-four  hours,  at  the  end  of  which  time  the  ^section  will  be 
found  Hrmly  adlierent  to  the  tilide.  The  piiratfin  may  then  be  removed 
according  to  the  next  method. 

(2)  Rapid  MefhmL — The  Heeti^m  if*  placed  in  jmsition  on  a  slide  as  before 
and  the  excc!^  of  water  drained  otf.  1.  It  h  then  pressed  tirmly  against 
the  slide  with  four  thicknesses  of  Einomth  hardened  hlter-paper  moistened 
with  a  i'evr  drops  of  absolute  alcohol.  The  pressure  sloaiUl  be  hnn  and 
direct,  m  m  to  avoid  rubbing.  '2.  The  parafhn  is  next  removeil  V>y  placing 
several  drops  r^f  xylol  on  the  section  and  rocking  the  slide  to  and  fm.  The 
xylol  must  be  renewed  until  the  section  remains  clear  and  transparent 
8.  t^everal  drops  of  al^solute  alcohol  are  then  added  until  the  section  be- 
comes white  and  opaque.  4.  The  section  is  then  covered  with  several  droj^s 
ofcelloidiu.  (Thin  celloidin  1,  abmjlutealcohoi  and  ether  each  lilM  When 
thi«  fixeSj  a  thin  tihn  is  left  covering  the  specimen.  5.  After  a  few  seccmds 
the  sectujn  is  covered  with  ^^5  per  cent,  aleohot  for  from  three  to  five  s*cc- 
onda.  6.  Then  it  is  placed  in  water  for  a  few  moments.  7.  It  may  be 
atained  according  to  the  usual  methods. 

If  the  celloidin  become^H  wtained.  as  is  often  the  case  in  oversiaining 
with  hematoxylin,  it  may  be  renojved,  after  the  staining  has  been  com- 
pb.^tcd  and  after  the  section  has  been  passed  tli rough  the  several  strengths 
of  alcohol,  by  the  use  of  a  few  drops  of  a  nuxture  td'  jdiso lute  alcohc»l  and 
ether.  The  section  is  then  cleared  in  xylol  or  earbr»l-xyl"d  and  noainted  in 
balsam. 

(3  J  Other  Methodg  for  Fixluff  the  Section  to  the  tSfidr, — Egg*  album  in 
wbi]>ped,  then  filtered,  and  jnixed  with  an  equal  anoiunt  of  glycerin  is 
placed  on  the  slide  antl  warme*!  to  7f^°  C  ;  then  allowed  to  cool.  The  sec* 
tion  is  [daced  on  it  and  warmed  to  the  melting-point  of  tlie  paruthn,  after 
which  it  is  jJaeed  in  an  nven  at  37''  C  for  three  liours. 

Mounting  Serial  Sections  (Method  ot  Ubriga). — 1.  Plain  window-glass 
jilate**,  4  by  o  inches,  arecleaned  and  dried,  and  tbeu  evenly  coated  with  the 
following  I  nix  tare: 

Candy  sugar  (l  part  sugar,  1  part  water),  3  parts; 

Alcohol  (80  per  cent.),  2     *' 

Dextrin  (1  pjtrt  yellow  dextrin,  I  part  water),  1  part. 

2.  While  the  film  of  this  mixture  is  stil!  damp  on  the  plates  the  sections 
are  placed  in  order  (rows)  from  the  microtono:',  and  tlien  tlie  plates  are 
slightly  warmed.  3.  The  plates  are  next  jdacetl  in  an  oven  at  37°  (!'.,  and 
kept  there  until  the  sections  flatten  and  become  firmly  adherent,  4.  The 
f»aralhn  is  removed  hy  using  xylol.  5.  The  xylol  is  removed  with  absolute 
alcohol.  The  sections  ni»w  become  white  and  oj?aoue,  *J.  The  sections 
freed  of  parafhn  and  while  damp  with  abaolute  atcouol  are  next  covered 
with  a  thm  solution  of  celloidin ; 
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the  connective  tissue,  and  the  nerve-fibers  are  involved  secondarily, 

the  myelin-ttheathij  being  the  parts  first  affci^ted. 

Chronic  iaterBtitial  neuritis  may  luUow  the  acute  form  or  eom- 
nience  as  an  independent  conditiun.     The  nerve  h  harder  than 


Fio.  3e2.— NeuritJB :  longitudinal  »eoikm.  stxowlrig  deureni^ret«d  nerve-flberi  (black)  -,  Ajoa* 

lay  a  method;    •  iWO. 

normal,  the  connective  tissue  is  increased,  the  wall^;  of  the  bh>od- 
vessekare  thickened  and  their  luniina  may  be  partially  obliterat^l. 
More  or  less  round-eell  infUtiiition  is  f<>und  in  the  hyperplastic 


w'A.jS..-..^ 


FiQ.  aeu.^-Chroiilc  hypertrophic  ititerBtlti«l  nouritlB  (cftM  of  Di|J«iine);  X  l<Xk 

connective  tissue,  and  the  nerve-fibers  show  extensive  degenera- 
tion, many  of  them  having  disappeared,  and  the  few  that  remain 
t presenting  marktHJ  morbid  changes.  Often  there  is  a  distinct  pro- 
iferation  of  the  cells  in  the  neurilemma*     This  form  of  neuritiB 
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in  jiarticular  is  ai^oeiated  with  muscular  degeneration,  and  apptiars 

to  givt^  rise  to  tlie  type  kuowu  as  the  neural  I'orm  of  [rrtjgresf^ive 
muscular  atrophy*  Associated  eliuuges  aiT  often  foiiMcl  in  the 
spinal  cord,  and  consist  of  an  ascending  degencnition  in  the  pos- 
terior enlumns  and  more  or  kvss  attenitioii  of  the  gang! ioiiHiie lis. 
In  a  variety  (»f  this  disease,  dt^^eribed  by  Dcjerine  under  the  name 
of  dtroHir  ItifjK'rfrfijfhic  intrrdltial  ncurifij^,  there  is  an  actual  over- 
growth of  the  conneetive  tissue,  the  nerve-trunks  forming  huge, 
linn  cords  J  several  times  the  normal  thickness,  that  may  readily 
he  felt  Ijcne^ith  the  gkin.  This  disease  is  apparently  due  to  some 
liereditarv  influence;  two  of  the  three  eases,  hitherto  reported, 
occurring  in  the  same  family.  Microscopically,  the  changes  con- 
sist of  an  enormiuis  |U'c>lifrraliou  of  the  eruiiu^ctive  tissue  with 
n)Uud-cell  iidiltratiou,  partly  about  the  sclertitic  Vilood -vessels, 
and  prontameed  tlegeucration  of  the  ncrve-Jihei*s.  The  muscles 
undergo  degenerative  atroj^hy,  and  there  are  secondary  dcgenera- 
titms  in  the  sjiinal  cord. 

Suppuiative  neuritis  is  nearly  always  secondary  to  stippuration 
in  the  tissue  surrounding  the  nerve.  It  is  ohanicterized  by  tlie 
presence  of  small  f'H'i  of  \ms  in  the  connective  tissue  and  si>ftening 
of  the  nerve-trunk.     The  nerve-fibers  degenenite  very  n^pidty. 

ParencliyTnatous  Eeuritis  is  characterized  by  a  primary  degener- 
ation of  the  uerve-fii>ers,  the  alterations  in  the  eouneetive  tissue 
being  seeondary.  It  is  always  due  to  sruiie  toxic  or  infectious 
sid*stanee  circulating  iu  the  fluids  of  the  body.  The  most  common 
causes  are  lead,  arsenic,  alcohol,  ami  di[»htheria  ;  but  it  also  occurs 
as  a  result  of  other  poisons  and  infei^tious  disea^^cs,  and  in  the 
course  of  tabes  dorsal  is.  The  nerve-trunk  becomes  slighter, 
firmer,  and  grayer.  Inflammatory  changes  are  slight  or  absent, 
whih*  the  tlegeneratiun  of  the  nerve-fil>ers  is  pronounced.  Changes 
have  frequently  been  found  in  the  cells  in  ttie  anterior  eornua  of 
tlie  B|)inal  cord. 

Polyneuritis  does  not  differ  from  the  isohited  form,  excepting 
that  a  immber  of  nerve-trnnks  in  various  parts  of  the  body, 
nsnally  the  limbs,  are  afl"e<:ted  at  the  same  time.  It  is  most  fre- 
quently of  the  parenchymatous  type. 

INFECTIOUS  DI5BASE5. 

TtlbercmlosiS  of  the  nerve-trnnks  is  due  to  direct  extension. 
It  most  commonly  affects  the  roots  of  the  nerves,  and  occurs  in 
the  course  of  tubercular  spinal  or  cerebral  pachymeningitis.  The 
connective  tissue  is  first  affected,  and  may  contain  small  cheesy 
foci,  in  whieh  epithelioid  and  giant-cells  are  found.  The  nerve- 
tibcrs  degenerate  secondarily. 

Syphilis  also  occurs,  chiefly  in  the  nerve-roots.  It  causes 
overgrowth  of  the  connective  tissue,  particularly  in  the  periaeu.- 
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Borax-carmin  (rrrefiiiclur),— f'unnin  i}.'^  Jtml,  l>or:ix  2J)  gn«.,  and  dis- 
tilled water  100  wau.  Boil  and  then  add  gradually  dr^p  hy  drop  acetic 
acid  (0.5  per  cent.)  until  the  solution  is  deeyr  re«i  In  rolor.  Afler  twenry- 
f«nir  liimrs  filt4T.     Acid  alt'ohol  is  us**d  for  ditfercntiatiotL 

Pkrocarinin. — Cnnuiu  I,  liquor  iimmmiise  1,  distilled  water  50.  To 
tliisi  mixture  add  a  sat  united  aqueoiLi  nalutiou  of  ()ierie  acid  drop  by  drf»p» 
stirring  ccmstantly,  until  the  preripitate  uo  longer  diesolves^  Filter  and  actd 
a  few  drops  r>f  rarhtilie  iieid  to  the  filtrate. 

In  using  picrocannin  (tt)  stain  the  seL'tionn  for  from  five  to  ten  minuter; 
(b)  wmh  out  in  water;  (c)  difterentiate  in  acid  alcohol  for  from  two  to  fi^'e 
minute*;  [tf)  wush  out  aeid  in  distilled  water  for  ten  minutes;  (f)  mount  in 
glycerin  or  balsjim* 

Another  formula  for  ptn^ocarmhi :  Dissolve  5  gm.  of  picric  acid  in  40 
ccm.  of  horax-<'iintiit]  a.-^  pnqmred  «i>ove. 

Hematoxylin. — Tlii^  nmy  be  used  with  practically  all  fixing'  agents 
extepuiiir  Flemmiiiflr's  solution.  The  :^tain  sei/mH  to  act  uiorc  quickly  and 
intens^cly  when  old  than  when  recently  prepared.  After  staining  the  section 
it  is  diflVrentiated  in  water,  tap-water  being  prefiTaMe.  The  nuclei  of  celU 
are  deep  blue  in  color  ;  the  protfqda>^ni  pale  blue,  and  mucous,  calcareous, 
and  growing  cartilage  tis!*ue  also  pale  blue.  When  the  specimen  is  over* 
stained  the  excepts  may  be  removed  by  ]dacing  in  a  weak  acid  alcohol  for 
from  one-half  to  one  niinnt+»,  after  which  it  ir«  washed  in  rnnning  water  i»r 
several  chan^e:^  of  water,  or  in  water  containing  a  very  weak  alkali. 

Detafleld'9  11ematoxylin»--S<jlution  L:  Hematoxylin  crystals  4  gm,, 
absohiti-  iilriahol  l^i  rt-riK     DisftolvH:". 

Solution  IF:  SiUurate<l  aqueous  solution  of  animonium  alum  400  ccm. 

Mix  solutions  L  and  IF  and  allow  the  mixture  to  stand  ten  to  fifteen  daya, 
shaking  it  frequentlv,  and  exposing  it  to  the  air.  Then  add  100  ccm,  each 
of  glycerin  anti  metliyl-alcohol  and  place  in  a  stoppered  bottle.  The  older 
the  sniutinii  ilie  more  quickly  and  deeply  it  stainn.  The  solution  must 
always  be  diluted  at  the  time  of  using.  The  more  dilute  it  is  the  more 
slowly  it  acts,  hut  the  more  satisfactory  is  the  result. 

Elirlich's  Acid  hematoxylin. — ^Solution  F :  Hematoxylin  2,  abeoliiie 
alcohol  iHK 

Solution  IF :  I'oncentrated  solution  of  alum  in  glycerin  and  distilled  water 
each  fiU,  acetic  acid  »i. 

Mix  the  two  solutions  and  allow  them  to  stand  six  days  expo^d  to  Ijglit 
and  air. 

Staining  with  <  Detaf jeld*s )  Hematoxylin. — (a)  Stain  for  from  three 
to  ten  minutes  tir  Inuger,  aceurdiug  U*  the  vlilutiou. 

(A)  Wash  in  w^ater  for  from  one-half  hour  to  many  hours, 

(r)  If  ovenstained,  decolorize  in  acid  alcohol  and  again  wa;sh. 

((/)  Place  in  akniliol,  xylol,  balsam. 

Very  go<Hj  residtj^  may  be  had  by  staining  the  sections  for  from  ten  to 
thirty  niinutes  in  a  1  :  ItW  dilution  of  Delaficld's  hematoxylin  in  distilled 
water,  and  diJierentiating  in  tap -water  for  from  one  to  three  hour^, 

HUmalaun  1 1\  Mayer).— iSoIution  F:  Hamate  in  1  is  dis.solved  in  90  per 
cent,  alcohol  Ml  with  the  aid  of  heat. 

Solution  IF:  Alum  50  is  dissolved  in  distilled  water  100  with  the  aid 
of  heal. 

Solutions  F  and  IF  are  ndxed  and  after  cooling  filtered. 

Hiimalaun  slaijis  the  same  na  hematoxylin^  hut  does  not  color  mucous 
tissue.     It  giv(-s  very  good  re^ult^  and  does  not  overstain. 

Acid  hamalaiih  is  made  by  adding  2  per  cent,  of  acetic  acid  to  the  above 
mixture.     J t  gives  vitry  sharp  pictures. 

Hanialaun  is  obtainable  in  crystalline  form.  It  is  prepared  so  that  I 
part  dissolved  in  20  parts  of  warm  distilled  water  makes  a  solution  ready 
For  use.  As  the  solution  readily  deteriorates  by  a  growth  of  fungua  the 
addition  of  camphor  or  1  per  cent,  of  carbolic  acid  is  uneful. 
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Anil  in  StaiiiB-— These  miiy  be  umnl  ibr  tisiiuea  fixed  and  liardeiied  with 
any  of  tlie  usual  a^entH,  Specimens^  however,  that  have  been  kept  long  in 
alcohol,  Muller's  ^uid,  or  Flemuutiir**  solution  Btain  |»ooriy. 

The  Btainft  readily  fade  out,  and  glycerin  ia  particularly  active  in  di^?- 
eolvin^  the  stain.  The  sections  are  mounted  in  baUam,  and  xylol  should 
be  used  for  clearing. 

BJsm&rk -brown  ( Vesuvlo),^ 


Bismark-brnwii, 
Alcohol  f^>D  per  cent*), 
Dbtilled  water, 


4! 

40. 


Boil  and  when  cold  filter.  The  addition  of  a  few  drop«  of  carbolic  acid 
makes  thesolutiim  more  useful  in  staining  bacteria. 

Methtid  of  Btainins:  aft^'r  removing  specimens  from  alcohol : 

In)  Stain  five  to  ten  minutes. 
(b)  Wash  out  in  much  alcohol, 
(e)  Clear  and  mount  in  balsam. 

The  nucleus  is  stained   dark   brown.     The  protoplaflm  is  pale  brown. 
Mucus,  all  formB  of  granules,  and  bacteria  atain  u  deep  black-brown. 
Oentiait- violet. — 

ffentian- violet,  2; 

Distilled  water,  10(1. 

Boil  ajid  when  cold  filter* 

Method  of  staining — same  as  with  bismark-brown. 
Fuchsifi,-- 

Fuch»in,  1 ; 

Alcohol  (40  per  cent.),  Wl 

Boil  and  when  cold  filter. 

Method  iif  staining — same  as  with  bismark-brown. 
Safranin. — 

Safrauin,  1; 

Alcohol  i:a«>  per  cent.),  100; 

Distilled  water,  2CHJ. 

Method  of  Staining. — ^Attt^r  removing  tlic  sections  from  alcohol:  (a) 
atain  iwcnty-fimr  ln»urs,  (hf  rinse  in  water,  and  (c)  wa^sh  rtut  in  acid  alcohol 
(HCl  8  drops,  concentrated  picric  acid  sidution  10  iln^ps,  itlcohol  KJO  ccm.), 
id)  wash  in  absolute  alcohol  until  no  s^tain  come*  awiiy,  (r)  jmss  through 
xylol  and  mount  in  balsam.  Hafranin  stains  karyokinetie  figures  a  deep 
red,  the  resting  nucleus  a  jnile  pink,  niucus*  yellowish-red,  iibrin  (in  tissues 
fixed  in  Flemming's  stilution)  deep  red. 

f/uivi-  Method — Make  a  saturated  solution  of  eafranin  ]N>wder  in  100 
part^i  of  water  containing  2  parts  of  anilin  oil.  Warm  to  70"^  C,  Filter 
thrtmgh  a  moist  filter.     This  solntion  stains  instantly. 

Methylene*blue. — This  may  be  used  in  a  si m file  watery  solution  (2 
per  cent.)  or  in  one  of  the  following,  which  are  u^i^il  for  ditlerent  purposes, 
to  which  reference  will  be  made  in  appropriate  placets, 

{a)  LdlTfeKs  Solution*— 

Saturated  alcoholic  solution  of  methylene-blue,         80  ; 
Solution  of  caustic  potash  in  water  (l :  10,000),        100. 

(b)   Kuhne't  Solution. — 

Saturated  alcoholic  mcthylene-blue,  10: 

Carbolic-aci<l  water  (5  per  cent.),  90. 
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(c)  Unna*8  Alkaline  Methylene-blue. — 

Methylene-blue,  1 ; 

Potassium  carbonate,  1  ; 

Water,  100. 

The  stain  must  be  diluted  1 :  10  before  using. 

(d)  Unna*s  Polychrome  Methylene-blue. — When  the  alkaline  solution 
just  mentioned  is  allowed  to  stand  a  long  time  it  decomposes  partially, 
lorming  methyl-violet,  methylene-red,  etc. 

CONTRAST  OR  DIFFERENTIAL  STAINING. 

Eosin  contrast*  well  with  most  of  the  nuclear  stains,  especially  with 
hematoxylin.  It  stains  a  diffuse  red,  but  with  differentiating  solutions, 
such  as  water  and  alcohol,  details  may  be  brought  out  according  to  the 
structure  of  the  tissue.     Several  methods  of  using  eosin  are  practised  : 

(a)  Saturated  Watery  Solution  of  Eosin. — This  is  used  very  coramonly 
in  staining  blood-films  and  also  (diluted)  for  tissue-staining.  Very  satis- 
factory results  are  obtained  with  dilutions  of  1  :  1000  or  1  :  1500.  The  sec- 
tions, after  having  been  stained  with  hematoxylin  and  differentiated  in 
water,  are  placed  in  the  weak  solution  of  eosin  and  stained  for  twenty-four 
hours.  Different  shades  of  red  are  seen  in  different  tissue-elements — /.  r., 
muscle  deep  red,  connective  tissue  pale  pink. 

(b)  Saturated  alcoholic  solution  of  eosin  may  be  used  as  a  counterstain, 
a  few  drops  being  placed  in  the  absolute  alcohol  in  which  the  sections  are 
dehydrated  after  staining  with  hematoxylin  or  other  stains. 

Van  Qieson's  Stain. — 

1.  Overstain  with  Delafield^s  hematoxylin. 

2.  Differentiate  thoroughly  in  water. 

3.  Stain  in  Van  Gieson's  solution  (saturated  aqueous  solution  of  picric 
acid  to  which  saturated  aqueous  solution  of  acid  fuchsin  has  been  added 
drop  by  drop  until  the  mixture  has  a  burgundy  red  color)  for  from  one  to 
three  minutes. 

4.  Wash  in  water  about  one-half  minute. 

6.  Rapidly  pass  through  alcohol  (up  to  absolute  alcohol). 
6.  Xylol  and  balsam. 

With  this  method  the  nucleus  is  stained  brownish-red  to  black,  muscle 
tissue  yellowish,  connective  tissue  red,  hyaliii  material  yellowish  to  red. 
Mailory's  Anilin  Blue  Connective-Tissue  Stain.— 

1.  Fix  in  Zenker's  fluid. 

2.  Imbed  in  celloidin  or  paraffin. 

3.  Stain  sections  in  a  ,^0  per  cent,  aqueous  solution  of  acid  fuchsin  for 
five  minutes  or  longer. 

4.  Transfer  directly  to  the  following  solution  and  stain  for  twenty  min- 
utes or  longer: 

Anilin  blue  soluble  in  water  ((Triibler),  0.5; 

Orange  G.  (Griibler),  2.0; 
One  per  cent,  aqueous  solution  of  phos- 

phomolybdic  acid,  lOO.O. 

5.  Wash  and  dehydrate  in  eeveral  changes  of  95  per  cent,  alcohol. 

6.  Clear  in  Xylol  or  in  oleum  origani  Cretiei. 

7.  Mount  in  Xylol  balsam. 

With  this  stain  the  fibrillae  and  reticulum  of  connective  tissue,  amyloid 
mucus,  and  certain  other  hyaline  substances  stain  blue ;  nuclei,  protoplasm, 
fibroglia  fibrils,  axis-cylinders,  neuroglia-fibers,  and  fibrin  red ;  red  blood- 
globules  and  niyelin-sheaths  yellow;  elastic  fibers  pale  pink  or  yellow. 


UFA  RING  AND  MOUNTfXG,  f)09 

Carbolated  Thlonin  (Ttilonin  pheitlque). — 

Til  in  11  ill,  0.5  gm,  ; 

Carbolic  acid,  1.0     ** 

A  Ico  bo  I  1 95  pe  r  c  en  t  J  J  1 0 .0  w  m . ; 

Distilleil  water,  iHlM    " 

This  stains  luicbn  and  basic  stntctureH  a  deej)  bine.  Otber  tH?ue-ele* 
mivnts  pule  bhit^,  bacteria  slightly  |iiirjjb\  and  buBojibilic  pranub'?^  in  leukn- 
cytrs  brnwn.  The  bnsic  gTitnub's  of  the  crytbrocytes  a  blat  k  or  bluisii-black 
cobir. 

Bloitdi^Heidenhain  Stain.— 

Orunore  (i.  (saturated  aqueous  solution),  100; 

At'id  Juchsin  (saturated  aqueous  solution),       20; 
Metljyi-green  (saturated  aquet»u,H  j^olution),      50. 

Thfi  three  oversaturate<l  solutions  art'  niartc  j^ejmrately  and  alU)wed  to  stand 
for  several  day?*,  and  are  Bbaken  so  ibat  a  tboroufjhly  ^iuturated  .solution  iB 
obtained.  They  are  tlieii  mixed  atul  wlien  used  tlie  mixture  diluted  with 
water  1  :  100.  A  drop  of  the  ?<olutirm  foi  tilter-|>aper  should  appear  g^reen  in 
the  center  and  oranjifc  at  the  periphery.  When  red  outnide  ol  the  orange, 
too  much  aeid  fuchsin  has  been  used. 

VI.    CLEARING  AND  MOUNTING, 

Clearing,— L  Glycerin  is  useful  for  unstained  specimens  (hardened). 
It  i^  better  to  place  the  Kpecimen  in  equal  parts  of  glycerin  and  water  lor 
ten  or  fifteen  minuti^,  then  in  pure  glyceriiK 

2.  Saturated  a(|ueou^  solution  of  potassium  acetate  is  at  times  useful,  but 
slower  in  action  than  glycerin.  It  can  be  used  ti>  mount  fresb  specimens. 
Anilin  Ktaiiir*  are  more  lasting  in  this  than  in  glycerin. 

8.  Origanum  oil  (nleum  origan i  eretice)  may  be  used  for  celloidin  sec- 
tions. If  the  section  has  not  been  tboroug^hly  dehydrated  add  a  few  drops 
of  absolute  alcohol  to  the  oil. 

4.  Cedar^  bergamot^  lavender,  and  thyme  oil  may  be  used.  Bergamot  is 
poor  for  eo^iu  specimens,  nn  it  disMoiveM  the  eosin. 

Dunham's  mixture  is  especially  useful  for  hematoxylin  and  carmin 
sections. 

Oil  of  cloves^  1  part ; 

Oil  of  thyme,  4  parts. 

Filter  if  cloudy.     This  clears  the  specimen  without  dissolving  celloidin. 

.'i.  Xylob—Thts  is  the  best  clearinp:  agent.  Seetions  must  be  first  thor- 
oughly dehydrated  and  should  not  be  left  too  long  in  the  xylol,  as  it  will 
cause  shrinking  and  wrinklinp?. 

6.  Carbol -xylol  (xylol  i^,  avid  earbol  rryst.  1), — To  make  the  mixture 
absolutely  free  of  water  place  anbydnms  cuprie  nulphate  in  the  bottom  of 
the  bottle.  This  mixture  will  work  with  a  slight  amount  of  wat^er  in  the 
sections.  It  fails  wilb  many  of  the  anilin  stains,  the  carbolic  acid  causing 
solution. 

When  the  sections  cannot  be  carried  through  alcohols,  they  may  be 
cleared  in  a  mixture  of  anilin  2^  xybd  10.  After  clearing  the  anilin  should 
be  washed  out  with  xylol,  a-*  it  will  sooner  or  later  cause  decolorization. 

Mounting. — I.  Glycerin.— When  this  is  used  tlie  cover-glasi*  is  en- 
closed with  asphalt,  varnish,  etc. 

2.  Canada  balsam*— Dissolved  in  xylol  or  less  frecjuently  chloroform* 


910  APPENDIX, 

Vn,    STEPS  FOR  TREATING  SECTIONS 
to  be  Stained  with  Eoiin-liematozylin^  from  the  Thne  they  are  Cut  to  Mounting 

In  Canada  Balsam* 

1.  Celloidin  sections  are  placed  in  80  per  cent,  alcohol.  Paraffin  sectioas 
are  floated  on  warm  water  to  spread  them  out. 

2.  Celloidin  sections  are  next  placed  in  water  to  take  out  the  alcohol. 
Paraffin  sections  are  caught  on  the  glass  side  and  treated  as  on  page  862,  to 
the  step  where  they  are  placed  in  water. 

8.  Stain  three  to  five  minutes  in  Delafield's  hematoxylin,  or  ten  to  thirty- 
minutes  in  weaker  solutions  of  the  stain. 

4.  Differentiate  in  tap- water  fifteen  minutes  to  twenty-four  hours. 

5.  Stain  three  to  five  minutes  in  a  1  per  cent,  solution  of  eosin  or  for 
twenty-four  hours  in  a  very  weak  solution. 

6.  Wash  out  excess  of  stain  in  water. 

7.  Place  in  60  per  cent,  alcohol  one  to  ten  minutes.  Eosin  specimens 
may  be  completely  decolorized  if  allowed  to  stay  too  long  a  time  in  weak 
alcohol. 

8.  Place  in  95  per  cent,  alcohol  one  to  two  minutes. 

9.  Then  in  absolute  alcohol  one  to  two  minutes. 

10.  Clear  in  xylol  one  to  two  minutes.  (If  the  specimen  clouds  it  is  a 
sign  of  incomplete  dehydration.  Then  place  again  in  absolute  alcohol  and 
again  in  xylol.)    The  specimen  should  be  transparent  before  mounting. 

11.  Mount  in  Canada  balsam. 

12.  Cover-glass,  label,  etc. 

Vm.    EXAMINATION  OF  SPECIAL  TISSUES. 

I.  Fibrin. — This  generally  stains  with  the  ordinary  anilin  stains,  and  is 
colored  pink  by  the  eosin- hematoxylin  method.  Picric  acid,  eosin,  and 
acid  fuchsin  are  among  the  better  stains. 

Weigerf  8  Method.— Solution  I. :  Anilin  oil  4,  water  100 ;  shake  several 
minutes  and  filter  through  a  moistened  filter-paper.  To  90  ccm.  of  the 
anilin-oil  solution  add  11  ccm.  of  concentrated  alcoholic  solution  of  gentian- 
violet  or  methyl-violet.     Filter.    This  solution  deteriorates  rapidly. 

Solution  II. :  lodin  1,  potassium  iodid  2,  water  300. 

Method  of  procedure : 

1.  Stain  in  freshly  prepared  anilin  gentian-violet  solution  for  five  or  ten 
minutes. 

2.  Wash  in  water  or  common  salt  solution. 

3.  Place  in  iodin  solution  five  minutes. 

4.  Blot  section  on  slide  momentarily  with  several  thicknesses  of  smooth 
filter-paper. 

o.  Decolorize  with  a  mixture  of  anilin  oil  1,  xylol  2,  until  no  more  color 
comes  away.     (Care  should  be  taken  not  to  decolorize  too  much.) 
r>.  Thoroujrhly  wash  out  the  anilin  with  xylol. 

7.  Mount  in  xylol  balsam. 

8.  The  previous  staining  of  the  tissues  with  lithium-carmin  gives  a  good 
contrast. 

This  method  gives  better  results  with  paraflSn  sections  than  with  cel- 
loidin, as  the  celloidin  is  hard  to  decolorize.  The  fibrin  in  the  sections  as 
well  as  many  bacteria,  hyaline  substances,  mucus,  and  nuclear  figures  are 
stained  a  bluish-black. 

In  staining  celloidin  sections  it  is  best  to  place  the  sections  on  a  glass 
slide,  smooth  with  filter-paper,  and  treat  it  as  a  paraffin  section  attached  to 
the  slide.  Great  care  must  be  exercised  to  prevent  the  section  slipping  from 
the  slide  or  becoming  wrinkled,  and  also  from  drying  out  between  the  various 
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steps.     By  diluting  tho  miiHii-xylul  iiiixlure  (xylol  2,  atiilin  I)  it  acb^  more 
slowly,  but  there"  is  Was  danger  of  fomjilete  decf>loriziilir>n. 

A  ihup  *»l"  siitumted  siilution  r>f  niiTJe  iivid  in  tibntAnie  alcohol  added  to 
the  tirjit  xylul  uiakt^s  thti  results  of  the  .staining  sharper.  Mtiseh^- tissue  and 
hyalin  material  staiu  yellow  with  thia  additiou. 

II.  Mucous  Tissue. — Mucus  **tuiiiH  with  hematoxylin  and  many  basic 
anilin  siaiui^  :uid  sometiaii'j*  a  metachromatic  effect  i«  nhtnined,  the  mucus 
showini^  a  different  i^hade  thnn  imelear  j^tructurej*.  Thus^i  with  methylene- 
blae  mnous  stains*  a  dei*p  Idue,  with  sal>;uiin  an  orange -red.  The  nieta- 
chrninatie  i^tfeet  is  proiMvuiiced  with  thionin,  amethyst  hluc,  and  t^duidin 
blue.  Thionin  stains  inucu^  a  redd ii<h- violet  eolor  and  other  tij*sueis  blue. 
The  granules  or  ma«t-cells  and  elastic  tissue  are  also  reddish.  Fnr  thin  sitiin- 
ing,  fixation  in  stituratcd  watery  solution  of  bichlorid  of  mercury  gives  the 
be,«^t  results. 

III.  Elastic  Tissue. — 8everal  methods  have  been  introduced,  of  wliich 
Unna's  and  Wei^ert's  are  the  best. 

Unna't  Method. — ].  Stain  with  a  small  miantity  of  the  following  sfjlution, 
placing  the  vessel  in  a  warm  place  (30*='  C.)  for  ten  to  fifteen  minutes  until 
the  »?olution  becomes  thick: 


Orcein, 

Hydrochloric  acid. 
Absolute  alcohol, 


1; 
I; 

10(K 


%  Rinse  in  weak  alcohol. 

S.  Decohirize  h\  a  mixture  of  hydrochloric  acid  0.5,  95  per  cent,  alcohol 
lOQ,  distilled  water  lif). 

4*  VVa,sh  in  water. 

5.   Dehydrate  in  alcohol,  clear  in  oil,  and  mount  in  balsam. 

The  best  results  are  obtained  in  sp»n"imens  hardened  in  alcohol. 

Elastic  fibers  are  i^tained  bniwnisn-red.  The  other  lissuen  remain  color- 
leas.  A  counterntain  may  be  obtained  by  tirst  staining  with  borax-car- 
min  or  by  using  methylene-blue  or  Lulfler's  solution  between  the  fourtli  and 
fifth  stepM  in  the  above  method. 

Weigerrs  Method.— Tissue  fixed  in  alcohol  or  formaldehyd  gives  the 
best  results. 

1.  8tain  the  section  twenty  minutt^  to  on^  hour  in  the  following: 


Fuchsin, 
Resorcin, 
Water, 


2; 

4; 

200. 


Hent  the  sidution  to  boiling-point  in  a  di^h  and  add  25  ccm.  of  a  solu- 
tion of  sesquicblorid  of  iron  and  stir  thoroughly,  while  boiling,  a  few  min- 
utes longer.  A  precipitate  is  formed  and  the  mixture  is  liltered.  The  pre* 
cipitatc  is  retained  and  when  thoroughly  dried  is  |i laced  in  a  porcelain  dish 
With  the  filter-j>aper.  The  precipitate  is  then  dissolved  in  2O0  cetn.  of  95 
per  cent,  alcohol  and  again  boiled,  the  paf>er  removed,  #ind  the  mixture 
liltered  after  cooling.  Alcohol  is  added  up  to  200  cem.,  and  4  eem,  ol'  hydro- 
chloric acid. 

2.  After  staining  in  the  above,  wash  in  alcohol. 

*1  Blot  the  secti<»n  with  filter-paper  and  add  xyloL  Blot  again  and  add 
xylol  repeatedly  until  the  section  is  clear.     Mount  in  xylol,  balsam. 

Decolorissing  in  acid  alcolnd  may  be  necessary  if  the  tissues  are  too 
deeply  stained.  The  elastic  tibers  are  stained  dark  blue.  The  other  tissues 
are  colorless.  The  nuclei,  to  be  made  distinct,  should  be  stained  red  with 
carmin  before  or  after  thtj  elastic  fibers  are  stained. 

IV.  Fat  tissues  fixed  in  1  t4>  2  per  cent,  osmic-acid  solutions  show 
a  black  staining  of  fat  droplets  and  tatty  matter.  The  osmic  acid  is 
usually  combined  with  other  uxing  agents  an  in  Flemming  s  solution.   This 
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solution  sliould  be  alh^wed  to  act  fnuji  two  to  four  days  if  the  iissyi/ 
eonsiderabk  sixe,  ami  the  Bpecimens  are  then  ihormiirhly  wae*hL*<J  in  running: 
water  for  Iwenty-fuur-s  bef<jre  heiiig  lianleued  In  aleofmL  Tlie  fat  !<itatned 
by  nsinic  acid  reinsiiiLs  soluble  in  etiier,  tnrpenline,  and  xylol,  and  is  not 
dissolved  by  ak'ohol,  cblorolnrm,  or  oil  of  t4ove-j.  When  iiaraflifi  ii*  used 
for  embedding,  ehloroforru  mu?^t  take  tlie  jdaee  of  xvloL  Celloidin  oiii* 
bedding  is  possible  in  sjute  of  the  ether,  the  alcohol  protecting  tbe  fal 
from  solntion. 

Sudan  III. — This  is  a  useful  stain  for  fat.  Ti^suea  are  fixed  in  furaiaUa 
or  Midler-forniol  or  may  be  examined  in  the  frenh  tstaie. 

Plaee  the  sections  in  the  saturated  solution  of  Sudan  TIL  in  80  per  cent. 
alcoho!  tor  from  a  few  miuuiis  uf>  in  ivventy-lbur  hcmrs  wash  quickly  in  SO 
per  eenl,  ah'ohol,  ihvn  vfiinh  in  water,  and  aniunt  in  grlycerin. 

Frozen  seetions  shtmld  be  placed  a  few  moments  in  9'j  per  ceo t.  alcohol 
before  they  are  stain ed< 

Fat  is  stained  a  deep  red^ 

V.  Ctiolesterin. — Tlie  specimen  ia  treated  with  a  drop  of  hugoVn  solu* 
tion,  which  causes  a  change  to  a  deep  brown  color.  On  addition  of  sul- 
phuric acid  (26  to  4(>  per  cent,)  the  color  is  dmnged  to  a  bluish-red,  bluish* 
grven,  or  eh'.ir  Idtie. 

VI.  Lime  Salts. — Culcium  saltj^  staiu  readily  with  all  stains  contain* 
ii}^  alum.     Ileinatoxyliu  causes  a  deep  blue. 

Additions  of  dilute  hydrochloric  acid  cntise  evolution  of  ^as  bubbles  in 
the  eiL^e  <»f  calrintn  carbonate,  but  not  with  calcium  phosphate.  Uilut^ 
snlfihuric  acid  fi^rin?^  crystals  of  sulphate  of  calcium. 

VII.  Iron. — Many  methods  have  been  devised  for  demonstrating  iron 
in  tissues.  The  neifatlve  results  do  not  necessarily  prove  the  absence  of 
iron,  as  it  may  be  in  albuminous  nr  other  comhinations  which  fail  to  react. 
Fresh  as  well  as  hardened  material  may  be  used.  Fixation  in  alcohol  and 
torraalin  give  the  lieat  results.  Sublintate  andchromicacid  mixtures  should 
not  be  used. 

Potassium  Ferrocyanid  Method*— The  specimen  is  placed  in  weak  sola* 
tion  of  i»otassiurn  ferroeyanid  {\  lo  2  percent,)  ff»r  from  two  to  three  min- 
utes; then  in  a  weak  solutitm  of  hydrochloric  acid  (I  to  1  percent.)  for  a 
few  minutea,  and  examined  in  water  or  glycerin.  The  iron  (hemosiderin) 
stains  a  deep  blue.  For  contrast  staining  the  tissues  may  be  fir*t  placed  in 
lithium-carmin,  and  atlter  washing  out  the  HCl  then  be  paased  through  alco- 
hols, xylol,  aad  mounted  in  balsam.  This  gives  very  clear  and  permanent 
results. 

Ammonium  Sulphid  Method, — The  section  is  placed  ia  a  freshly  prepared 
solution  of  aannonitim  >u!phid  for  five  tc*  twenty  minutes  or  until  it  is  green- 
ish to  blackish-green  i\i  color.  It  is  then  wanhcd  in  water,  examined  or  passed 
through  alcohol  and  oil,  and  mounted  in  balsam.  The  iron  pigment  appears 
as  dark  blackish  or  greenish  granules.  Other  metals  also  eau«e  black  de* 
posits,  notably  silver,  lead,  and  tiiercury, 

VI I L  Amyloid. — Several  reactions  are  used. 

lodin  Reaction. — The  frewbly  cut  surface  of  the  tissue  is  painted  with 
weak  LugoFs  solution  (Lu^ol's  solutitm  I.  distilletl  water  SK  St^etions  for 
microscopic  study  mav  he  placeil  in  the  LugoPs  solution  for  from  three  to 
ten  minutes,  then  washed  in  water  and  examined.  Amyloid  tissue  is  stained 
a  deep  mahogany  red  color,  while  other  tissues  are  tinged  a  light  yellow. 

8ubsequent  treatment  of  the  seclton  or  of  the  fresh  tissue  with  I  pet 
cent,  sulphuric  acid  solution  for  a  few  minutes  may  convert  the  mahogany 
red  color  of  the  amyloid  tissue  to  a  blue.     This  reaction  frequently  faiU. 

Gentian-violet  and  Methyl-violet  Reaction.— These  ^tains  color  amyloid 
tissue  red,  while  other  tissues  and  nuclei  arc  stained  blue.  Weak  aqiJetiusj 
aoiutions  of  the  stJiins  are  used  and  the  sections  are  allowed  to  remain  in 
the  stain  a  few  minutes.  The  section  is  then  washed  in  water  containing  a 
few  drops  of  hydrochloric  acid  and  may  be  mounted  in  solutions  of  acetate 
of  potajsh.     The  stain  in  retained  for  dome  little  lime. 
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lodin-greeii  Method.^ — SectioDs  are  atained  for  twenty- four  hours  in  an 
aqueouii  solution  (1 :  300)  of  iodin-green ;  then  washed  in  water  and  mounted 
in  glycerin.  The  amyloid  tissuea  stain  a  violet  red,  while  other  tissues  are 
green. 

Thionin  stains  amyloid  tinaueii  a  light  hlue  to  lilac  eolor^  while  other 
tissues  become  deep  hlue  to  violet. 

Polychrome  Methylene- blue, — L  Stain  with  polychrome  methylene-blue 
for  ten  to  fifteen  minutes. 

2.  Rinse  in  water. 

3.  Place  in  diluted  acetic  acid  for  ten  to  tweoty  seconds. 

4.  Then  in  concentrated  alum  Holution,  diluted  one- half,  for  two  to  five 
minutes. 

5.  Kinae  in  absolute  alcohol  for  one-half  minute. 

6.  Place  in  absolute  alcohol  for  one-quarter  Ut  one-half  minute. 

7.  Xvhil,  balsam. 

Amyloid  is  stained  a  bright  red^  the  nuclei  dark  hlue,  and  protoplasm  a 
light  blue.     The  specimens  will  be  found  durable. 

IX»  Corpora  Amylacea. — These  bodies  are  etained  slightly  in  the 
above.  They  may  be  stained  better  by  Langerhan's  method  for  glycogen 
(see  below).  The  bodies  are  stained  a  dark  brown,  the  other  tisisuea  remain 
colorless* 

Certain  of  the  araylaceous  bodies,  the  corpora  flava,  corre^jionding  to 
the  corpora  aranacea  of  the  central  nervous  Bystem,  psammoma  granules,  and 
part  of  the  prostatic  bodies*  stain  as  hyalin  material  and  not  as  amyloid. 

X-  Hyalin. — Various  substancei?  no  doubt  are  included  under  tbis  name, 
and  some  attempt  at  classification  has  been  made  on  the  basis  of  the  stain- 
ing reactions.  A  useful  stain  for  hyalin  is  the  van  (Jieson  {//,  r,).  The  hyalin 
material  takes  the  deo|»  red  of  acid  fuchsin  in  this  metbod. 

XI-  Olycogen,^The  tissues  must  be  hardened  immediately  after  death, 
as  the  glycogen  rapidly  diiTuses  or  undergoes  some  change.  The  fixation 
should  he  in  alcohol. 

Langerhan's  Staining  Method. — 1.  Btain  for  five  to  ten  minutes  in  Lugol's 
solution. 

2.  Dehydrate  in  a  mixture  of  absolute  alcohol  4,  and  official  tincture  of 
iodin  ]. 

3,  Clear  in  oil  of  origanum, 

Gly  coge  n  is  stained  b  ro  w  n  i  s!i  -  re  rl .     O  t  h  e  r  t  i  ssues  a  re  pa  I  e  y  el  low. 

Lubarsch**  Method,— This  method  is  a  modified  Weigert  fibrin-stain. 
The  tissues  are  stained  for  two  minutes  in  an  old  concentrated  gentian- violet 
solution  : 


Solution  I.:  Alcohol, 
Anilin  oil. 
Gentian-violet^ 


k. 


S3  ccm. ; 
9    " 
Slight  excess. 

Solution  IT. :  Concentrated  aqueous  solution  of  gentian -violet.  Mix  3 
parts  of  J.  with  17  part^  of  IL  The  other  steps  in  the  method  are  the  same 
as  in  Weip-ert's  fibrin-stain. 

XII.  Rtissell's  Fuclisiti  Bodles.—L  Stain  in  a  concentrated  solution 
of  fuchsin  in  2  per  cent,  carbolic  acid  solution  for  ten  to  thirty  minutes. 

2.  Wash  iti  water  for  three  to  five  minutes. 
;i.  Absolute  alcohol  for  one-half  minute, 

4.  Counterstain  with  1  per  cent,  solution  of  iodin-green  in  2  per  cent, 
carbolic- acid  water  for  five  minutes. 

5.  Dehydrate  in  absiilute  aicohrd  rapidly. 

6.  Xylol,  balsam. 

Celhihir  miclei  are  stained  green,  granules  and  the  fuchsin  bodies  red. 

XIII.  Cancer  Stalnfi.— Variouj*  methods  have  been  given  tor  demon- 
atrating  the  so-called  cancer  parasites.  Among  others  the  following  may 
be  used : 

58 
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I.  Methylene-blue  and  Eosin.-^TKrec  solutions  are  used:  {a)  Sftturated 
inethvl*Mio-blue  m  HjiturateU  arjueoUB  sijlytmn  of  borax;  (h)  ^  percent. 
solutmn  of  i^mii  f bluish)  in  70  per  cent,  alcohol  j  and  (c)  saturated 
aciuenus  Holiitiun  of  uorax. 

8olution  {fi)  \a  filtered  and  2  parts  mixed  with  1  of  (6)  and  2  of  (r).  The 
ti«.suea  are  taken  from  (1)  abisolute  iilcohol  and  placed  in  (2)  staining  solu- 
tion for  ten  to  twenty  minutes.  (U)  l>eeolurize  in  I  j>er  cenL  solution  of 
acetic  acid.  (4)  Wash  in  water.  (*^i)  Then  in  absolute  alcohol.  (6)  Kjlol, 
balsam. 

Cellular  nuclei  are  stained  blue ;  the  red  corpuscles,  protoplastti^  eosioo- 
phile  granules,  connective  tiftsue,  etc  rt*d. 

II.  Malachite  Green,  Acid  Fi»chsin»  and  Martiua  Yellow* — The  ^taiji  is  as 
follows:  Malachite  ^^reen  OSi,  acid  luchiiin  0.1,  ilartiiis  yellow  U.Ol,  distilled 
water  150,  alcohol  (U5  per  cent.)  »50. 

The  section  is  stained  for  one-half  hour^  then  transferred  to  aK^olute 
alcohol,  xylol,  and  balsam. 

Cellular  nuclei  are  stained  green,  protoplasm  and  connective  tissue  a  red 
color.  Cancer  bodies  are  stained  red,  but  some  may  be  green  when  in 
masses, 

II L  Acid  Fuchain  and  Hematoxylin, — This  stain  is  composed  of  equal 
parts  of  Ehrlieh's  acid  hematoxylin,  1  per  cent,  acid  fuehsin  in  70  per  cent^ 
alcohoU  and  distilled  water. 

The  sections  are  taken  from  water  and  stained  for  half  an  hour ;  tbea 
washed  several  times  in  water  and  phiced  in  alcohol,  oil  of  bergamat* 
balsam. 


METHODS  OF  EXAMINING  NERVOUS  TISSUES. 

Several  methods  are  in  comm(m  use  for  the  staining  of  the  central  ner- 
vous aystem,  and  dilferential  staining  of  the  several  constituent*  can  be 
carried  out.  Special  hxation  and  hardening  must  be  practised  for  each 
method.  In  ^^eneral,  the  use  of  cliromic  acid  salt^i,  sneh  as  the  combination 
of  bichromate  of  potash  with  sodium  aulphatein  Muller's  fluid,  is  mostdesir^ 
able,  hut  does  not  allow  of  certain  special  stains.  For  the  demon  strati  on 
of  changers  in  the  nerve-cells,  fixation  with  formaldehyd  or  alcohol  g7f« 
the  most  satidfactiirv  results.  In  certain  methods  of  staining: — as,  for 
example,  those  in  which  fixation  in  chromic  acid  solutions  is  generally 
used^ — preliminary  fixation  in  formaldehyd  may  be  practised,  and  the 
chromic  acid  salts  added  at  a  later  stage.     This  will  be  referred  to  below. 

The  Htainin^  method^;  applicable  especially  to  the  nervous  system  ar© 
those  used  for  the  demonstration  of  myelin  changes,  those  u.sed  to  demon- 
strate tlie  neiinjjriia- filters,  and  thnse  for  demonstrating  the  ganglion -cells. 

Methods  for  Demotistrating  the  Myelin-sheaths. — Amongthese,  the 
method  of  Wcigcrt  and  the  modilicatiou  of  PaFs  and  M archies  methods  may 
be  described, 

Weiger f  s  Method. — According  to  the  older  method,  the  tissues  were  firnl 
fixed  in  Mliller's  fluid  for  four  to  twelve  weeks  and  then  hardened  in 
alcohol.  More  recently,  fixation  in  formablchvd  has  been  practised.  A 
4  per  cent,  solution  of  formaldehyd  (10  partes  of  40  per  cent,  fornuddehyd 
to  90  parts  of  water)  is  used  for  one  to  three  weeks.  Then  the  tissues*  are 
transferred  to  Mtiller^s  fluid  for  six  to  twelve  weeks  (or  for  a  shorter  time- 
one  to  three  weeks),  when  the  whole  is  placed  in  a  thermostat  at  37*  C 
(98.3*^  F.). 

A  more  rapid  method  is  to  fix  in  4  per  cent,  solution  of  formaldehyd  for 
a  few  days  up  to  several  weeks,  according  to  the  size  of  the  specinien,  and 
then  in  a  solution  of  bichromate  of  potash  5,  chromic  alum  J,  water  1<X), 
for  a  few  days  (three  to  four).     When  in  the  formaldehyd  the  soluiion 
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should  be  changed  after  twenty- four  hours?,  but  later  may  remain  i  rule  fi- 
nitely; but  the  tissue?*  should  not  be  left  in  the  chrfimie  acid  sohition  longer 
than  a  few  (lays,  a**  they  become  brittle.  After  removal  from  the  ehromic 
acid  solution  thev  are  hardened  in  Sf)  per  cent,  alcohol  and  kept  in  a  dark 
place  until  imbedded,  the  alctjhol  being  changed  from  lime  iu  time. 

Still  another  method  is  to  fix  in  Muller^t^  formol  (Orth'.^  solution)  or  in 
a  combination  of  4  per  cent,  fornmldehyd  and  the  bichromate  of  potash 
chromic  alum  solution  mentioned  above. 

Sectifm,  cut,  and  etaiu,  etc. ;  after  lixation  the  following  steps  are  carried 
out:  (1)  ImmerBe  the  specimens  in  alcohol.  (2i  Transfer  to  i-elloidin, 
and  cut  the  sections  after  twenty-four  hours  in  the  ut^ual  way.  C^)  Place 
in  the  ftdiowing:  acetate  of  copper  5,  acetic  acid  (3B  per  cent,)  f*,  chromic 
alum  2.5,  water  lOCK  (4)  Remove  with  a  gbKw  non -metallic  spatula  to^ — 
hematoxylin  1,  absolute  alcohol  10,  lithium  carbonate  {saturated  aqueouB 
iiolution)  1,  water  9^J.  ThetiectioMs  remain  in  this  for  fifteen  minutes.  The 
Bolutinn  should  he  freshly  prepared  with  old  alcoholic  hematoxylin  solu- 
tion, the  lithium  carbonate  and  water  being  added  at  the  time  of  uwing* 
(5 )  \V as h  t ii orou g h  1  y  in  w a t er .  (ii )  I Jecolo rize  i n  ferri cy a n id e  of  pota/^si  u m 
6,  borax  4,  water  2<i(L  The  gray  matter  of  the  nervonn  tissues  becomes 
yellow  in  this  solution,  and  when  tliis  change  has  taken  place  the  process 
IS  comph'te.  (7)  Wasli  in  water  ;  dehydrate  in  9ii  per  cent,  alcohol ;  clear 
in  xylol  1,  anilin  oil  2;  then  mount.    Htep  (3)  may  he  omitted. 

Pal's  Modiflcatjon.-- After  fixation  a.s  in  Weigert*s  methotl,  the  steps 
are  ai*  follows  :  (1)  riaec  the  sections  in  }  per  cent,  chromic  acid  solution 
or  J  per  cent,  bichromate  of  potjissium  solutiim  for  several  hours.  (2) 
8tain  in  Weifjert^a  hematoxylin  solution  for  twenty- four  to  forty -eight 
hours.  I  3)  Wa*<h  in  water  containing  1  to  S  per  cent,  of  t^atu rated  watery 
solution  of  lithium  carbonate.  The  sections  become  a  uniform  deep  lilue 
color.  (4)  Diflerentiate  in  \  r>er  cent,  aqueous  permanganate  of  pntasi^ium 
solution  for  fifteen  seconds  to  five  minutes^  or  until  the  gray  matter  becomes 
brownish  yellow,  i/*)  Then  transfer  to — oxalic  acid  1,  sulphite  of  potassium 
1,  water  2tl0  for  a  few  minutes,  when  the  gray  matter  becomes  nearly  color- 
les.*i.  ((>)  Wash  thoroughly  in  water,  dehydrate  in  MS  per  cent,  alcohol, 
clear,  and  mount. 

The  preliminary  use  of  chromic  acid  or  bichromate  of  potassium  solu- 
tion afi:er  fixation  may  be  omitted,  especially  if  the  tissnes  have  been  recently 
fixed. 

Weigert's  method  leaves  everything  unstained  excepting  the  myeliji- 
eheaths,  which  become  black  or  bluish  black,  and  the  nerve-cells,  which  are 
faintly  stained.     f'aFs  method  lesivcn  the  cells  unstained. 

Formalin-iroti-hematoxylin  Method.— A  method  wdiich  may  be  used 
with  material  hardened  in  f^armalin  is  the  irnn-hematoxylin  method*  The 
advantage  of  this  method  is  that  it  does  not  rei]uire  imfaregnation  in  Mliller'a 
fluid.  Hcctions  are  mordantctl  in  a  solution  of  ammonio-ferric  sulphate 
(iron-alum  f  4  gm.,  distilled  water  100  ccm.,  for  from  tbnr  to  twelve  hours,  and 
washed  in  several  changes  of  distilled  water  for  from  twelve  to  tiiirty  min- 
utes ;  they  are  then  stained  fc»r  frcmi  four  to  twelve  hours  iu  a  solution  of 
h  e  m  a  t  oxy  I  i  n  cry  st  a  I  s  0 .5  gj  n . ,  d  i  st  i  II  ed  wa  t  e  r  1  Of  >  c  c  m ,  To  d  ecolo  r  i  ze ,  re  m  o  v  e 
the  stain  !ind  wash  well  in  two  or  tiiree  changes  of  water.  Then  transfrr 
to  a  r»Q  per  cent,  solution  of  the  iron-alum  mordant  solution  until  the  gray 
aubstance  is  clearly  ditferentiated  from  the  white  subittance.  The  latter 
remaioa  a  8teel  blue. 

Marchi  and  Algeri*a  Method  for  Staining  Degenerated  Myelln-»heaths. 
— After  hardening  iu  Miiller's  fiuid  or  in  otlu^r  lixatives,  folhnved  by  Miil- 
ler's  fiuid,  the  tissue  is  placed  in  the  following:  MCiller's  fiuid  2  parts^ 
osmic  acid  solution  (1  per  cent.)  1  part.  It  renjains  in  tliis  for  six  to  eight 
days.  It  is  then  thoroughly  wa.shea  in  water,  plact^I  in  alcohol  of  increas-  * 
ing  strengths,  imbedded  in  celloidin,  and  sectioned.  The  sections  are  cleix^^^ 
with  chloroform  and  mounted  in  chloroform  or  balsam.   If  mounted  in  :3t^'^'^* 
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baL>am  no  cover-glass  should  be  used.     The  fatty  degenerated  myelin-sheatha 
are  stained  black  bv  the  osmic  acid. 

Methods  for  Demoostniting  Nerve-fibcn,  Axls-cylinderB,  and  tbeir 
Processes. — These  methods  are  of  comparatively  little  use  in  pathologic 
material,  but  they  give  excellent  results  in  the  study  of  normal  tissues,  and 
have  contributed  much  to  the  knowledge  of  the  anatomic  relatious. 

Qolgi*8  Methods. — The  tissue  must  be  as  fresh  as  possible  and  cut  into 
small  pieces.  The  fixing  solutions  should  be  used  in  large  quantity,  and 
the  best  results  are  obtained  when  the  specimens  are  kept  in  the  dark. 

Slow  Method. — (I )  Harden  in  2  per  cent,  solution  of  bichromate  of  potas- 
sium for  several  weeks.    Change  the  solution  frequently. 

(2)  Place  in  a  solution  of  nitrate  of  silver  (0.75  per  cent.)  for  twenty- 
four  to  forty-eight  hours  or  longer,  or  in  a  solution  of  corrosive  sublimate 
(0.5  per  cent.)  from  a  week  or  ten  days  up  to  two  months  or  more.  In 
either  case  the  solutions  must  be  frequently  changed  at  first. 

Rapid  Method,— {I )  Fix  small  pieces  in  the  following:  Osmic  acid  <1 
per  cent.)  1  part,  bichromate  of  potassium  (3.5  per  cent.)  4  parts.  After 
nxation  for  four  days  to  a  week, 

(2)  Place  in  nitrate  of  silver  solution  (0.75  per  cent)  for  from  one  to 
seven  days. 

Subsequent  Treatment. — Imbed  in  celloidin  after  rapid  dehydration  in 
absolute  alcohol,  avoiding  other  alcohol  as  much  as  possible.  Use  thick 
solution  of  celloidin  for  a  short  time  onlv. 

After  cutting  the  sections,  which  should  not  be  too  thin,  (1)  dehydrate  in 
alcohol,  (2)  clear  in  oil  of  cloves  or  berganiot,  (3)  wash  in  xylol,  (4)  mount 
without  a  cover-fflass  in  xylol  dammar.     Keep  specimens  free  from  light. 

Other  Methods. — A  gold  stain  and  various  methylene-blue  stains  have 
been  devised,  but  are  comparatively  unimportant. 

Axis-cylinders  stain  well  with  the  Van  Giesoii  stain,  ammonium-carmine 
stain,  and  especially  as  follows  : 

Sections  or  teased  nerves  are  removed  from  96  per  cent,  alcohol  to  a 
small  dish  of  ordinary  blue-black  ink  (Stafford*s)  for  from  three  to  Bve 
minutes.  They  are  then  removed  to  %  per  cent,  alcohol  and  washed  until 
they  are  a  pale  blue  color.     The  axis-cylinders  are  stained  blue. 

Methods  for  Demonstrating  the  Nerve-cells.— Various  general  stains 
like  van  Gieson's  are  of  some  use,  but  for  special  staining  of  the  nerve- 
cells  certain  spiH-ial  methods  are  use<l. 

NissPs  Method.— (1)  Small  piece's  of  tissue  are  hardened  in  96  per  cent. 
alcoliol.  (2i  Sections  are  cut  by  fixinjr  the  tissues  to  a  bhx'k  with  thick 
celloidin  witliout  other  embedding.  The  sections  are  preserved  in  96  per 
cent,  alcohol  and  then  i3j  stained  in  the  following  : 

Methylene-blue  B,  3.75  ; 

Venetian  soap,  1.75; 

Distilled  water,  1000. 

The  vessel  containing  the  stain  and  the  sections  is  heated  until  the  fluid 
bubbles;  then  (4)  wash  in  anilin  oil  10,  %  per  cent,  alcohol  90,  until  clouds 
of  l)lue  color  cease  to  come  from  the  sections.  (5)  Place  sections  on  a 
slide,  dry  with  filter-paper,  and  immerse  in  a  drop  of  oil  of  cajeput.  (6) 
Blot  and  wash  with  benzene.  (7)  Drop  on  the  .section  benzene-coloppo- 
nium,  made  by  dissolving  colopponiuni  in  benzene  for  twenty-four  hour? 
and  pouring  off  the  clear  solution.  (8)  Drive  off  the  benzene  over  a  flame, 
blowing  out  if  the  benzene  inflames.  (9)  Cover  with  a  gla<*s  cover-slip  and 
heat  gently. 

Considerable  simplification  of  the  method  may  be  practised  by  those 
who  have  become  expert,  but  it  is  thought  best  to  give  the  method  in  full. 

The  result  is  permanent.  The  nerve-cells  are  stained  a  blue,  the  proto- 
plasmic granules  being  evenly  and  more  or  less  darkly  colored.  The  nuclear 
structure  is  distinct. 
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Golgi^i  Methods. ^The  iiiftliods  of  tiolgi  stain  the  nerve-eel Iw  and  p rot o- 
plajsmie  i*rt)Ct*SHeH,  hut  jire  more  uisefyl  for  the  procesaew  than  the  body  of 
the  coll. 

Methods  for  Demonstrating  NeurogJIa-flbers. — The  tHsue.%  mui^t  be 
frei^h  and  niiiiit  at  onee  be  placed  in  hxing  solution.  Formnklehyd  miint  he 
used,  ns  iLs  rapidity  of  aetion  niaken  it  essential.  For  the  same  reason  the 
pieces  of  tis.sue  must  be  very  thin,  and  a  4  per  cent»  solution  of  formalin  is 
most  reliiible, 

Welgert's  Method.— Fix  in  formaldehyd  for  four  days  or  more;  then 
place  in  the  following  mordant  for  mx  or  eight  days  : 

Acetic  acid  (3<>  per  cent.),  5,0  ccm, ; 

Acetate  of  copper,  5,0  gm. ; 

Chromic  al»2m,  2.6  gm. ; 

Water,  95,0  ccm. 

The  alum  and  water  are  boiled,  then  the  acetic  acid  and  finally  the 
acetate  of  copper  are  added. 

The  specimen  is  then  washed  in  water,  dehydrated  in  alcohol,  and  im- 
bedded iti  celloidin. 

After  cutting  the  sections,  which  whould  not  be  above  0,02  mm.  in  thick- 
ness, they  are  placed  in  permanganate  of  potat^sium  solution  Q  per  cent.) 
for  ten  minutes,  decolorized,  and  then  placed  in  the  fcdlowing  : 

Chromogen,  5  gm, ;  • 

Formic  acid  (specific  gravity  1.20),  5  ccm. ; 

Water,  95    " 

To  90  ccm,  of  which  10  ccm.  of  sulphide  of  sodium  solution  (10  per  cent.) 
are  added  just  before  using. 

The  sections  lose  their  color. 

Further  reduction  of  copper  salts  by  the  following  methfxi  may  be  prac- 
tised, and  the  result  is  more  intense  in  that  case,  but  at  the  same  time  the 
connective- tissue  fibers  also  stain  blue.  A  further  reduction  is  efTccted  by 
washing  twice  in  water,  then  placing  tiic  sections  in  filtered  saturated 
aqueous  solution  of  chromogen  for  eight  to  twelve  hours,  again  Wfisliing  in 
water,  and  then  staining. 

77t€  iS'fa/wiMf/. — After  reduction  of  the  copper  salt  hy  the  preliminary  and 
second  method,  the  section  is  taken  from  water  and  placed  upon  a  slide 
freshly  cleaned  with  alcohol,  blottc^d,  and  wtaine<l  with  the  following: 

Saturated  methyl- violet  solution  in  70  to  80  per 

cent,  alcohol,  KKl  ccm,  j 

Aqueous  oxalic  acid  solution  (6  per  cent.)i  5    *' 

The  methyl -violet  solution  is  made  by  heating  and  decanting  when  cold. 
The  stain  is  nearly  instantaneous.  The  section  is  washed  in  normal  salt  so* 
lution  and  then  treated  with  5  per  cent,  iodid  of  pota^Hium  solution  saturated 
with  iodin.  This  solution  is  dropjied  on  the  section  f^nd  immediately  removed. 
Wash  with  water,  decolorize  in  equal  part8  of  xylol  and  anilin  oil.  Wash 
with  xylol  reppatedly  anrl  mount 

Maliory's  Method.— (1 )  Fix  in  4  per  cent,  formaldehyd.  (2)  Place  in 
satumtwl  watery  picric  acid  solution  four  days.  (8)  Treat  with  5  per  cent, 
watery  bichromate  of  ammonium  solution  four  to  six  days  in  an  incubator, 
or  three  to  four  weeks  at  room  temperature.  (4)  Dehydrate  in  alcohol, 
mo  u  n  t  i  n  ce  U  oid  i  n ,  a  n  d  secti  o  n .  ( Ti )  Pi  a  ce  the  sect  ion  a  i  n  0. 5  jjc  r  ce  n  t .  wu  te  rv 
solution  of  permanganate  of  potassium  for  fifteen  Ut  thirty  minutes.  (6)  Wa>iL 
in  water,  (7)  Treat  with  1  per  cent,  watery  solution  of  oxalic  acid  fifteen  to 
thirty  minutes.  (8)  Wash  in  water  two  or  three  times.  (9)  Stain  in  the 
following : 


918  APPENDIX. 

Hematoxylin,  0.1  g^. ; 

Water,  80.0  ccin.  ; 
Merck's  watery  solution  of  phosphotungstic  acid 

(10  per  cent.),  20.0    " 
Peroxid  of  hydrogen  (U.S.  P.),  0.2    " 

The  hematoxylin  is  dissolved  in  a  little  water  with  the  aid  of  heat  and, 
after  cooling,  the  rest  of  the  solution  added.  (10)  Wash  quickly  in  water. 
(11)  Dehydrate  in  95  per  cent,  alcohol;  (12)  oil  of  origanum  ;  (13)  xylol 
balsam. 

The  nuclei  and  neuroglia-fibers  are  stained  blue,  the  axis-cylinders  and 
ganglion-cells  a  pale  pink,  and  the  connective  tissue  a  deep  pink. 

METHODS  OF  EXAMINING  THE  BLOOD. 

The  purely  clinical  examinations,  such  as  the  enumeration  of  the  cor- 
puscles and  the  estimation  of  the  percentage  of  hemoglobin,  need  not  be 
described.    The  microscopic  examinations  alone  will  be  considered. 

Examination  of  the  Fresh  Blood. — A  drop  of  blood  is  obtained  from 

a  prick  into  the  end  of  the  finger  or  the  lobe  of  the  ear.  The  finger  or  ear 
is  first  cleansed,  then  pricked  with  a  lancet,  and  the  first  few  drops  of  blood 
wiped  away.  A  small  drop  is  then  received  upon  a  carefully  cleansed  thin 
cover-glass,  and  this  is  laid  on  an  ecjually  clean  and  slightly  warm  elass 
slide.  The  blood  spreads  into  a  thin  him  from  the  weight  of  the  cover-glass. 
'  If  prolonged  examination  is  to  be  made,  a  ring  of  vaselin  around  the  edges 
preserves  the  specimen  for  some  hours. 
\  i  The  examination  should  be  made  with  an  oil-immersion  lens.      Malarial 

ji  parasites,  the  spirocheta  of  relapsing  fever,  and  filarite  are  quite  readily  de- 

tected in  such  specimens,  and  the  size  and  shape  of  the  reu  corpuscles*  and 
the  ameboid  movements  of  the  leukocytes  can  be  determined.  For  the  last 
purpose  a  warming-stage  is  requisite  if  a  prolonged  examination  is  to  be 
made. 

Examination  of  Fixed  Preparations.— Thin  cover-glasses  are  carefully 
cleaned  with  soap-water,  then  with  clear  water,  and  finally  with  alcohol, 
j!  A  drop  of  blood  is  placed  upon  one  of  the  ghisses  and  a  second  glass  is  laid 

ri    ■  upon  it.     The  blood  spreads  into  a  thin  film,  and  the  cover-glasses  are  then 

slid  apart  and  allowed  to  dry  in  air. 

Fixation  of  the  blood  may  be  accomplished  by  immersing  the  prepared 
cover-jriass  in  a  mixture  of  equal  ]>artsof  absolute  alcohol  and  ether  for  from 
five  to  thirty  iniiuitos.  A  1  per  cent,  solution  of  formalin  in  absolute  alco- 
hol is  an  excellont  fixing  agent.  For  certain  stains  (notably  the  neutro- 
philic niixtnr<')a  better  inctliod  of  fixation  is  the  em])loyment  of  heat.  The 
most  accurate  method  of  heatinfr  is  to  place  the  cover-jrhiss  in  an  oven  at 
120°  C.  {'1A><°  K. )  for  an  hour,  but  drawing:;  the  cover-glass  rapidly  through  a 
Bunsen  tlanie  three  times  accomplishes  the  purpose  almost  as  well,  though 
this  method  requires  considerable  practice. 

A  most  useful  method  for  clinical  purposes  is  that  of  fixation  on  a  braj»s 
plate.  A  brass  plate  ab<mt  12  inches  long,  4  inches  wide,  and  J  inch  thick 
IS  supported  on  a  tripod  and  heated  at  one  end  with  a  J^unsen  flame.  On 
heating  for  fifteen  or  twenty  mimites  the  temi)erature  assumes  a  fairly  con- 
stant (iegrec.  The  line  on  the  plate  at  which  the  temperature  is  proper  for 
fixing  blood-films  may  be  determined  by  <lrop|>ing  small  drops  of  water 
from  a  pi[>ette.  Beginning  at  the  cold  end  and  approaching  the  flame,  a 
line  will  be  found  at  which  the  water  docs  not  evolve  steam,  but  assumes 
the  spheroidal  state  and  dances  on  the  surface  of  the  plate.  Just  beyond 
this,  toward  tlie  cold  end  of  the  plate,  is  tlie  most  favorable  position  for 
fixing  the  blood.  The  cover-glasses,  after  thoroughly  drying  in  air,  should 
be  laid  along  this  line,  the  blood  side  upward.  Fixation  may  be  completed 
in  fifteen  or  twenty  minutes,  but  an  hour  is  preferable. 
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Special  methods  of  fixation,  as  with  bichlorid  of  mercury,  picric  or 
osniic  acid,  ete»,  are  iieceswary* 

Staining. — A  yaeful  stiiin  to  determiDe  the  morphology  of  the  corpuscles 
is  GollasLh'ii  mixture: 


Eomi  crystals, 
Hematoxylin, 
Glycerin, 
Diatilled  waler^ 
Absolute  ideohol 
Olacial  acetic  acid, 
Alum, 


0.0; 
2.0; 


aa  ICKIO; 
alight  excess. 


The  sokitioQ  must  be  allowed  to  **  ripen  "  by  exposure  for  se'V'eral  weeks 
i  D  a  1  i  ji^h  t  p  I  ae  e  *  T 1 1  e  spec  i  a  j  e  1 1  is  sit  a  i  n  ed  for  fro  m  t  w  o  to  t  h  re  e  mi  n  u  te^  u  p  to 
&  half'hour,  was^hed  iu  water,  and  exam i net! .  The  various  iviitliolugic  condi- 
tions of  tlic  red  corpusek'*^  are  brought  out,  and  the  morphology  of  the  leuko- 
cyte** is  well  shown.     The  oxyphilic  granules  stain  sharply  with  the  eo«ia. 

Eosin  and  Hematoxylin  Method.-- A  simple  method  tliat  in  very  satis- 
factory for  Diost  clinical  purposes*  i^  the  following:  Alter  fixation  by  heat» 
ak^olute  alcohol  and  ether,  or  formalin  and  alisolute  alcohol,  the  specimen 
U  stained  for  a  minute  or  two  or  longer  with  Dclafield's  hematoxylin  (lull 
Ktrength  or  diluted  one-half),  then  rapidly  was^hed  in  water  and  counter- 
Htained  with  1  per  cent,  solution  of  eosin  in  70  per  cent,  alcohol  for  a  nanute 
or  two.  The  cover-glai*s  is  again  wa^shed  in  water,  dried,  and  mounted  in 
balsam.  The  morphology  of  the  corpuscles  is  well  brought  out,  and  the 
specimen  if*  uselwl  for  diffi^rcntial  counting,  though  the  determination  of 
myelocytea  is  facilitated  by  the  supplemental  use  of  a  specimen  stained  with 
Elirlich's  neutral  mixture. 

Similar  rcjiults  are  obtained  with  the  following  mixture : 

Methylene-blue  (saturated  a<|uerjU3  solution),  4(> ; 

Eosin  ih  per  cent.  *iolution  in  7^  per  cent,  alcohol),  20  ; 

Distilled  water,  40. 

The  specimen  may  he  stained  for  from  three  to  five  minutes,  but  better  results 
are  obtained  by  placing  the  stain  containing  the  cover-glfti*s  preparation  in 
an  oven  at  37°X\  (98.6°  F.)  for  an  hour.  Tiie  morphology  and  changes  in 
the  red  corouHclcii  are  clearly  Blmwn:,  and  the  oxyphilic  and  bai^opbilic  gran- 
u  1  es  o  f  th e  1  eu  k i icy  t  es  a  re  w el  1  stai  n  ed — 1 1 1  e  fo  rn  i  c  r  red ,  the  latter  bl  ue.  The 
basophilic  granules  f>f  the  leukocytes  are  e?*pecially  dis^tinct. 

Wfiglrfs  Stain. —  [dissolve  0.5  gm,  <if  sodium  bicarlionate  in  100  Cc.  of 
distilled  water,  and  add  L  gm.  of  methylene-lihie  (Ctriiblerj.  Any  of  the 
methylene- blues  of  Griibk^r  known  as  *"  BX/'  "Koch's,"  or  ''Ehrlicii's  liec- 
tified  "  may  be  used.  It  is  important  that  all  of  the  bicarbonate  of  soda 
should  be  dissolved  befure  adding  ibe  metliylyne-blue. 

The  mixture  is  next  .steamed  in  an  ordinary  steam  sterilizer  at  100*^  C. 
for  one  hour,  counting  the  time  after  tlie  "steam  is  up."  The  healing 
should  not  be  done  in  a  pressure  sterilizer,  iu  a  water  bath  nor  in  any  other 
way  than  as  stated. 

WIn>ii  the  steaming  is  completed,  the  mixture  is  removed  from  the  ster- 
ilizer and  allowed  to  cool,  the  flask  being  placed  in  cold  water  if  de^tired. 
AV^hen  it  is  cold,  without  filtering,  pour  it  into  a  large  dish  or  flask,  and  add 
to  it,  stirring  or  shaking  continuously,  a  suflicient  quantity  of  a  1  :  lUOO 
sulutiun  of  eosin  ((irlibler,  yellowish,  soluble  in  water)  until  the  mixture, 
losing  its  blue  color,  becomes  purplish,  and  a  scum  with  yeltovviinh  metallic 
luster  forms  on  the  surface,  while  on  close  inspection  a  finely  granular  black 
precipitate  appears  iu  suspensiofi.  Thi;*  will  require  about  500  Cc.  of  the 
eosin  solution  for  100  Cc.  of  the  alkaline  methvlene-bhie  solution. 
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The  precipitate  i*  collected  on  a  filter,  and,  without  wastihi^,  is  allowed 
to  dry  thereon.  When  thoroughly  dry,  dissolve  this  precipitate  in  purt 
niethyl-a!eohol  in  the  proportion  of  0,5  gni.  to  100  Cc.  alcohoL  This  alco- 
holic Holution  18  the  stainrng  fluid.     It  is  not  necesBarv  to  filter  it 

To  stain  :^ 

1.  l>ry  blood  film  or  smear  in  air* 

2.  Cover  eover-glaaa  with  staining  fluid  and  allow  to  remain  ia  contact 
one  minute, 

3.  Add  distilled  water,  drop  by  drop,  until  a  delicate  scum  with  irides- 
cent metallic  Inntcr  forms  on  the  surface.  The  amount  of  water  mus^  not 
be  sufficient  to  make  the  fluid  transparent. 

4*  Allow  to  stain  for  two  or  three  minntesi. 

5.  Wash  in  distilled  water  until  the  preparation  appears  yellowiah  or 
reddish  in  color. 

6.  Dry  and  mount  in  baUam. 

Jenner'a  Stain. — A  mixture  of  the  following  Bolutions  is  made  and  »et 
aside  for  twentv-four  hours : 


A.  Eos  in  (ftolnble  in  water)  > 
Distilled  water, 

B.  Methvlene-blue  (medicinal), 
Distilled  water. 


1.25  gm. ; 
IDO.OO  ccm.  ; 

1.00  gii). ; 
100.00  ccm. 


The  mixture  must  be  made  by  adding  the  methylene-bltie  solution  to  the 
eosin,  small  quantities*  at  a  time,  and  stirring  with  a  glass  rod  during  the 
addition.  A  precipitate  forms  after  twenty-roiir  hours  and  may  be  collected 
on  a  filter-paper  and  dried  in  an  incubator.  The  precipitate  «boukl  l>e 
powdered  and  washed  with  distilled  water  and  again  coUected  on  a  filter- 
paper  and  dried  in  the  air.  The  powdered  precipitate  lb  dissolTed  in  pure 
methyUalcohol  in  J  per  cent,  strength* 

The  iiiclhy  1-alcohol  makes  a  previous  fixation  of  a  blood-film  unnecessary, 
so  that  the  preparation  dried  in  air  may  be  at  once  stained.  As  a  rule  three 
to  five  minutes  suffice,  and  when  thei«peeiiuen  m  washed  in  water  the  film  is 
a  light  red  color.  Exeensive  staining  may  be  practised  utitil  the  proper  re- 
ttult  is  attained  The  stain  wdien  acting  properly  gives  the  nLiitrophile gran- 
ules a  pale  pink  color,  tlic  cosin  granulea  a  deep  pink,  and  baf^ophile  gran- 
ules a  deep  blue  to  a  deep  purple. 

Neutrophilic  granules  are  best  stained  with  Ehrlich's  triple  stain : 

Orange  G.  (saturated  aqueous  solution),  120-135; 

Acid  fuchsin  (saturated  aqueous  solution),  80-165; 

Methyl-green  (saturated  aqueous^  Milution),  125  ; 

Dislifled  waU^r,  SOO ; 

AbBokile  alcohol,  200  ; 

Glycerin.  100. 

The  first  two  stains  are  miied,  and  the  third  is  added  gradually,  stirring 
constantly.  The  water,  alcohol,  and  glycerin  are  then  added.  Very  often 
less  acid  ni  chain  and  more  methyl -green  give  better  results.  The  fixed  prep 
aration  is  stained  for  three  minutea  and  washed  in  water.  The  red  cor- 
niificlea  take  the  orange  stain  ;  the  nuclei  of  white  and  red  corpuscles  and 
basophilic  granules  take  the  green ;  the  oxyphilic  grannies  take  the  red; 
and  the  neutrophilic  granules  take  the  violet  or  purple  of  the  mixture. 

Demonstration  of  Regenerations  of  the  Red  Corpusctes. — Mixtures  of 
60*51  n  and  hemat^txylin  or  successive  staining  with  eosin  and  hematoxylin 
brings  out  polychromatophilia  and  other  degenerative  changes  in  the  red 
corpuscles.  Granular  degeneration  re(|nireft  a  more  prolonged  use  of  the 
basic  stain.  Carbolated  tliionm  is  a  very  useful  stain  for  the  same  purpckse, 
though  its  failure  to  stain  the  red  corpuscles  generally  makes  the  examina- 
tions of  the  specimens  trying  to  the  eye. 


NATION  OF  SPECIAL   TISSUES. 


921 


Staining  of  Parasite 8, ^Th<*  malarial  parasitea  may  be  satisfactorily 
examined  in  unstainefi  s[>ec!mena,  but  it  in  sometimes  desirable  t^  study 
them  after  stain  Jiig,  Cover-gljws  preparations  are  made  as  before  described, 
and  fixed  by  heat  or  by  immersion  in  the  aVjsolute  alcohol-ether  mixture  for 
from  thirty  minutes  to  several  hours.  The  staining  may  be  accomplished 
with  any  of  the  various  eosin-methylene-blue  mixtures,  but  Plehn's  aud 
RomanowHky-i5  method!*  have  been  specially  recommended  for  the  purposse: 

FMtnv  Method.— 

Methylene-blue  (saturated  aqueous  solution),  60  ccm, ; 

Eo^in  (I  per  cenL  solution  in  75  per  cent  alcohol),  20     *' 

Distilled  water,  40     " 

Potaijsium  hydrate  (20  per  cent,  solution),  12  gtt. 

This  ataina  the  malarial  organisms  blue,  the  red  corpuscles  red,  Similar 
solutions  Btain  ftlariae  satmfactorily,  and  are  useful  in  demonstrating  TariouB 
bacteria  in  the  blood* 

EmtmfiowAhf;^  Mffhod.^The  following  is  the  modification  used  by  Ewing, 
which  gives  utiiformly  good  results  : 

Solution  I.:  To  I  ounce  of  polychrome  methylene- blue  (Orllhler)  add  5 
drops  of  a  3  per  cent,  solution  of  acetic  acid  (U.  S,  P*  33  per  cent.), 

Solution  IL:  A  I  per  cent*  solution  of  methylene-blue,  preferably  Ehr- 
lichia (Grubler)  or  Koch's,  dissolving  the  dye  with  the  aid  of  heat*    The 
flolution  sfiould  be  at  least  a  week  old- 
Solution  III.:  A  1  per  cent  aqueous  solution  of  GrUbler*»  eosin  (soluble 
in  water). 

The  mixture  is  made  by  adding  to  10  ccm,  of  water  4  drops  of  solution 
in.,  6  drops  of  i^olutiou  L,  and  2  drops  of  solution  II.  The  specimens  fixed 
with  alcohol  or  heat  are  stained  for  from  one  to  two  hours  to  twenty -four  hours. 
The  proportions  in  the  mixture  may  be  somewhat  changed,  but  the  poly- 
chrome solution  must  be  carefully  neutralized  and  the  mixture  should  be  a 
deep  blue  color. 

E?C  GROSS  PATHOLOGIC  SPECIMENS. 

KjilserJing-s  inethod  for  pre«erving  gross  patliologic  specimenB  so  as 
to  retain  the  normal  colors.    The  solutions  used  are  the  following : 


Solution  I. :  Formalin, 
Water, 

Nitrate  of  potash, 
Acetate  of  potash, 


Solution  II. 


Potassium  acetate, 

Olyceriii, 

Water, 


200  ccm. ; 

1000     '*     ; 

15  gm. ; 


100  gm.; 
200  ccm, 
1000     " 


The  specimeus  are  first  placed  in  Solution  L  for  six  to  seventy-two 
hours,  according  to  thesiite  of  the  specimen,  and  the  solution  is  frequently 
changed. 

The  specimen  is  then  wa^shed  in  80  per  cent,  alcohol  for  one  hour,  and 
again  placed  in  80  per  cent,  alcohol  for  from  one  to  six  hours  ■  then  in  95  per 
cenL  alcohol  for  from  one  to  three  hours.  The  color  which  was  removed  by 
the  formalin  solution  is  restored  in  the  95  per  cent,  alcohol.  This  marks 
the  length  of  time  during  which  a  specimen  is  kept  in  this  alcohol. 

The  specimen  is  next  placed  in  Solution  II.  ExpoHure  to  light  at  any 
stage  of  tne  process  is  disaavantageous.  The  best  results  are  obtained  when 
the  fixation  is  carried  out  in  earthenware  vessels  or  in  a  place  excluded 
from  lij^ht. 
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To  freshen  the  color  of  old  specimens,  they  are  jplaced  for  a  few  hours  in 
95  per  cent,  alcohol,  and  again  placed  and  kept  in  Solution  II. 

Pick's  Method. — 1.  Place  the  specimen  for  one  or  two  days  in  Pick's 

formalin-salt  solution  : 

Aaua  destil.,  100  parts  ; 

Sal.  carol  in.  factit,  5     " 

Formalin,  5     " 

Sal.  carolin.  factit.  is  composed  of  the  following : 

Potassium  sulphate,  2  parts  ; 

Sodium  chlorid,  18      " 

Sodium  bicarbonate,  36      " 

Sodium  sulphate,  44      " 

2.  Place  the  specimen  for  twenty-four  hours  in  80  to  90  per  cent,  alcohol. 

3.  Place  the  specimen  permanently  in  Kaiserling's  solution  : 

Potassium  acetate,  5  parts  ; 

Glvcerin,  10      " 

Aqua  destil.,  100      " 

This  last  solution  may  be  varied  in  strength,  even  up  to  the  concentrated 
form  used  by  Melnikow-Raswedenkow : 

Potassium  acetate,  30  parts; 

Glvcerin,  60      " 

Aqua  destil.,  100      " 

X.   ANIMAL  PARASITES. 

Protozoa  and  eggs  of  parasites  of  the  giistro-iutestinal  tract  may  be  found 
by  mounting  a  small  drop  of  the  contents  or  dis(;harges  on  a  slide  and  covering 
with  a  thin  cover-glass.  The  examination  should  be  first  made  with  a  low 
and  then  with  a  high  power.  Gentle  warming  of  the  slide  from  time  to 
time  or  the  use  of  a  warming-stage  may  he  advantageous  in  looking  for  pro- 
tozoa.   Sealing  edges  of  the  cover-glass  with  vnselin  will  prevent  evaporation. 

Fluids  containing  parasites  or  the  eggs  should  be  allowed  to  settle  or 
should  be  ccntritiigated  and  the  sediment  then  examined. 

Segments  of  worms  or  the  heads  are  examined  in  water-glycerin  or  salt 

1^ '  solutions.     In  examining  thesegnients  of  tapeworms  to  determine  the  si)ecies 

J  by  the  character  of  the  uterus,  the  segments  should  be  squeezed  between  two 

J  cover-glasses  and  examined  or  cleared  in  acetic  acid.     The  laminated  struc- 

ture of  cell inococcus  cysts  can  be  made  out  by  <utting  small  sections  of 
the  fresh  tissue  with  a  razor  or  scissors,  or  by  embedding  and  cutting  sections. 
Examination  for  Trichina. — The  cysts  may  sometimes  be  discoveri-d 
with  the  naked  eye  in  bits  of  muscle-tissue,  or  the  segments  may  be  tea.sed 
in  salt  solution,  or  small  portions  may  be  cut  with  the  scissors  and  crushed 
between  two  cover-glasses.  The  trichina?  are  usually  found  near  the  tendon 
part  of  the  muscle  in  the  diaphragm,  tongue,  intercostal  and  jaw  muscles, 
etc.     Calcified  trichina  may  be  decalcified  with  dilute  HCl  solution. 

Protozoa  and  coccidia  may  be  discovered  in  sections  of  the  fresh  tiasuefl 
or  may  be  stained. 
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BACTERIOLOGIC  TECHNIQUE. 

PreparatJon  of  Glass  Tubes,  etc.— L  New  tr-it-tubtts  are  wai^bed  in  a 
weak  jiitric  acid  sulutimi  in  order  to  deatroy  tmy  alkali  present^  and  then 
washed  ihriroughlv  in  !*everal  clianges  of  water*  Old  tubes*  CKtJliiining  cidtnre- 
media  tire  (a)  boiled  one  hour  in  a  t^olatiiui  of  caiLMtic  f^oda,  which  loos- 
ea»  the  ho  I  id  nu'dia  and  riuikert  the  tubes  eitsy  i*>  clean.  They  are  then 
{b)  washed  in  a  dilute  solution  of  nitric  acid  and  thoroutjhly  clefin8ed  in  run- 
ning water.  2.  After  drying,  the  lube»  arc  plugged  with'  raw  eotton,  care 
being  tateit  not  to  pack  the  cotton  teto  tightly  or  to  twist  t!ie  plue;  in  insert- 
ing it.  Thiii  caution  is  necessary  in  order  Ihat  the  phigH  will  be  well  set 
and  may  be  removed  and  inserted  with  ease.  3.  The  tubes  art^  then  placed 
in  the  hot-air  oven  for  an  hour  at  150°  to  VJif  V.  in  order  to  sterilize  the 
tubes  und  to  set  the  plugs. 

New  Petri  dishei*  are  prepared  in  the  name  way  by  washing  in  a 
dilute  nitric  acid  solution  and  thoronghlv  rinsed  in  water.  The  old  Petri 
dishes  are  [a]  boiled  in  cau?*tic  soda  solution,  {h)  wfL^hed  in  dilute  nitric 
acidj  and  (e)  thr>ronghly  rinsed  in  water.  The  platen  are  istcrilizcd  in  the 
hot-air  oven  for  one  hour  at  150^  to  190"^  U.  All  other  glass- and  stone- 
ware is  prepared  in  the  same  way. 

A  convenient  meth*>d  for  keeping  pipettes  sterile  is  to  wrapthein  in  four 
to  five  thicknesses  of  filter- paper,  .sealii]g  the  edges  with  tirdiimry  micro- 
scopic labels  and  ^sterilizing  the  pipettes  in  their  covers.  Mortars^  glass-eupH^ 
and  other  receptacles  are  sterilized  in  the  hot-air  oven  covered  witlx  lids  of 
filter-paper- 

Culture-'iiiedla*— tn  the  pre  pa  nit  ion  of  an  artificial  culture -medium  for 
the  growth  of  a  bacterium  the  general  principle  involved  is  to  supply  some 
substance,  the  cliemical  con.-^tittients  of  vvbicti  rcsemltle  as  closely  as  possible 
the  natural  medium  for  that  particular  bacterium.  In  the  ciii^e  oi  patho- 
genic barteria  bliMid-serum  forms  tlic  best  mediuuk  Since  the  preparatirm 
of  this  medium  is  difficult,  other  media  more  easily  prepared  have  been  sub- 
stitutiid,  these  having  for  their  biksis  meat  extract  to  which  is  added  1  i»cr 
cent,  pejitone  and  0.5  per  cent,  commtju  salt.  The  latter  was  formerly  added 
to  aid  in  the  .solution  of  the  pefitone,  but  ^ucb  a   prepanitimi  as  WitteV  dried 

fieptone,  wkich  is  easily  soluble,  make^  the  addition  of  isalt  uuuecessary.  In 
iauid  media  the  bacteria  grow  in  a  mixed  state  and  in  order  to  prfHluce  a 
solid  media,  upon  which  the  bacteria  grow  in  tsolatcd  colonies,  gelatin  and 
agar  have  been  added  to  the  bouillon,  although  these  two  constituents  !uive 
no  nutrient  value. 

Standardization  of  Media. — Some  bacteria,  such  hs  the  c«di  group, 
grow  well  on  a  medium  the  reaction  of  which  is  acid,  but,  as  a  rule^  other 
bacteria  grow  be**!  when  the  media  is  idightly  alkaline  to  litmus  and  still 
acid  to  phenol phthalein.  The  .standard  of  reaction  adopted  by  the  Ameri- 
can committee  is  L5  percent,  normal  hydrochloric  acid  aridity  to  phenolpb- 
tbalein. 

To  standardize  a  given  medium  a  small  quantity  is  placed  in  a  beaker 
and  phenolphthalein  is  added  as  an  indii^ator.  A  deci normal  si>diutn  hy- 
droxid  solution  is  tlien  added  by  titration  until  the  solution  turns  w  faint 
pink.  A  calculation  is  then  made  tor  the  whole  i|uantity  and  the  Tieutrali- 
juition  is  accomnlisbed  by  adding  a  normal  solution  of  sodium  hydroxitl. 
Normal  hydrochloric  acid  (1.5  percent.)  is  then  added.  The  medium  is  then 
alkaline  to  litmus  and  acid  trj  pbenolpklbaleln. 

An  easy  method  liir  standard ixatnm  is  t<»  add,  drop  by  drop^  a  10  per 
cent,  solution  of  sodium  bydroxid,  stirring  well  and  testing  with  litmus  after 
the  addition  of  each  drop.  Wlien  the  solution  no  longer  turns  bine  litmus- 
paper  red  and   there  is  a  distinct  blue  reaction  on  reA  litmus,  test  with 
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phenolphthalein-paper,  and  if  oo  change  takes  place  the  reaction  of  the 
media  is  approximately  correct 

Sterilization  of  Media.— This  is  best  accomplished  bv  the  intermit- 
tent method  of  steam  sterilization  at  100^  C.  The  media  is  placed  in 
the  steam  sterilizer  immediately  after  tubing  and  allowed  to  remain  there 
for  from  one-half  to  three^uarters  of  an  hour  at  a  temperature  of  100®  C 
This  should  bo  repeated  on  the  second  and  third  days.  This  method  allowi 
the  spores  which  are  not  killed  at  the  above  temperature  to  develop  into 
bacteria  which  will  be  killed  by  the  succeeding  heating. 

In  the  case  of  gelatin  which  tends  to  lose  the  property  of  solidification 
sterilization  should  not  exceed  fifteen  minutes  daily.  Blood-serum  must  be 
sterilized  at  a  low  temperature  (60®  C.)  for  from  one  to  two  hours  on  fiTe 
consecutive  days  and  then  slanted  and  Drought  to  the  coagulating  point ; 
or  may  be  coagulated  in  a  hot-air  oven  and  sterilized  by  steam  for  three 
consecutive  days. 

Koch's  blood-serum  is  sterilized  by  the  intermittent  process  of  steriliza- 
tion at  57°  0.  It  is  kept  for  one  hour  at  this  temperature  for  eight  consecu- 
tive days,  and  before  use  allowed  to  be  incubated  for  twenty-four  houns. 
It  is  then  inspissated  in  Koch's  inspissator  at  the  proper  slant  at  a  tempera- 
ture of  65°  C.  and  allowed  to  remain  there  until  it  is  properly  stiflTened. 

Some  spores,  especially  those  of  anaerobic  bacteria,  do  not  develop  in 
the  twenty-four  hours  between  sterilization,  because  the  medium  is  not  a 
proper  one  for  their  growth.  For  this  reason  sterilization  in  the  autoclave 
may  be  resorted  to.  By  this  method  a  single  sterilization  is  all  that  is  neces- 
sary. By  exp<Mure  to  a  temperature  of  120°  C.  (under  30  pounds  pressure) 
all  spores  are  killed.  It  is  necessary  in  using  the  autoclave  to  replace  the 
air  with  superheated  steam,  so  that  the  theoretical  temperature  reckoned 
from  the  pressure  and  the  thermometer  temperature  may  be  the  same. 

Storage  of  Culture-media. — For  convenience  in  the  use  of  culture- 
media  it  is  immediately  after  its  preparation  run  off  into  test-tubes.  The 
tubes  are  best  filled  by  means  of  a  rannel  to  which  is  attached  a  rubber 
tubing  with  a  glass  tip.  The  flow  of  the  medium  is  controlled  by  means 
of  a  stop-cock.  Care  should  be  taken  that  none  of  the  media  toud^es 
the  neck  of  the  test-tube,  and  to  avoid  this  tlie  glass  tip  should  be  well 
inserted  into  it.  The  quantity  of  the  medium  run  into  each  tube  depends 
upon  the  character  and  purpose  of  the  medium  and  the  size  of  the  test- 
tube. 

Preparation  of  Culture-media.— Liquid  Media.— ^out/^. — ^To  make 
1000  ccm. : 

Fine  chopped  lean  beef,  500  gm. ; 

Water,  1000  ccm. 

Mix  well  and  allow  to  stand  in  a  cold  place  over  night.    Strain  through 
a  coarse  towel  and  add  Hufficient  water  to  make  1000  ccm.    Add  : 

Peptone  (1  per  cent),  10  gm. ; 

g  Common  salt  (0.5  per  cent.),  6    ** 

4  Boil  mixture  for  one-half  hour,  standardize  the  reaction,  filter,  tube,  and 

sterilize. 
j  Bouillon  may  be  quickly  prepared  by  substituting  for  the  fresh  meat 

■I  3  gm.  Liebig's  extract  of  beef.    Growth  of  most  bacteria  upon  this  medium 

ij  is  not  especially  characteristic,  but  in  some  species  important  difi*erencee 

g  appear.     The   presence  or  absence  of  any  growth  on   the  surface  of  the 

[**  bouillon  (a  membrane  or  mycoderm),  of  sedimentation  or  any  change  in 

■j  the  reaction,  is  noted. 

I  Bouillon  is  modified  by  the  addition  of  1  or  2  per  cent,  of  grape-sugar, 

j  which  may  be  used  for  the  growth  of  anaerobic  organisms.     Glycerin  (6  to 

8  per  cent.)  is  added  to  bouillon  when  a  liquid  media  is  desired  for  the 
•<  growth  of  tubercle-bacilli. 
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Liquid  Elood-Mcrum, — Very  rarely  employed.  Blood  ia  collected  in  ster* 
jle  tlasks  and  allowed  to  fitaod  until  it  has  coagulated.  The  Berum  is  then 
drawn  off  with  sterile  pipette»  und  run  into  eterile  test-tubes.  They  are 
iniubated  tor  from  twenty-four  to  forty*ejght  houras,  and  all  tliat  are  con- 
taminated are  thrown  away*  The  tuhcs  are  then  stored  in  the  ice-chest, 
A.'icitie  and  hydrocele  fluids  are  collected  and  treated  in  the  same  way. 

Milk. — This  is  a  convenient  medium  for  determining  the  coagulating  and 
fermenting  properties  of  bacteria.  Litmus  is  nf^ually  added  and  the  reac- 
tion may  also  be  determined.  Fresh  milk  is  placed  in  flaslcs  and  steamed 
in  a  sterilizer  for  half  an  hour.  This  caut*es  the  cream  to  collect,  on  the 
surface  anri  the  milk  U  removed  by  means  of  a  pipette.  Enough  of  a  solu- 
tion of  blue  lilmurt  is  added  to  form  a  jtale  blue  color.  The  niiik  i»  then 
run  into  test-tubes  and  sterilized  for  from  thirty  to  forty-five  minutes  on 
three  succeHHive  days*. 

Potato  /ij-/rtir/.— Thi*  is  prepared  by  rubbing  up  500  gm.  of  potato  in 
500  ccm.  waU.*r,  decanting  and  dilating  to  1000  ecm,,  and  adding  40  ccm. 
glycerin.     This  is  a  good  medium  for  the  Bacillua  tuberculosis. 

Dunham  Pepfonr  SoluHmi, — This  is  used  to  determine  the  indol  reaction. 
To  make  1000  ccm.  take— 


Peptone, 
Bodium  ckloriil, 
Distilled  water, 


10  gm. ; 
5     " 
lOOOccm. 


Boil  until  the  salt  and  peptone  are  dissolved,  filter,  tube,  and  fiteriliKe. 
UichinskBy' ^  fluid  is  a  non- albuminous  medium  : 


Water, 
Glycerin, 
Sodium  ehlorid, 
Calcium  chlorid. 
Magnesium  sulphate, 
Calcium  |)hofipliate, 
Sodium  a*5  para  gin  ate, 
A  m  m  0  n  i  uni  1  actate » 


1000  ccm.; 

30.4^>  gm. 

5.7       " 

0.1       •* 

0.2-04       ** 

2.5-3 

3.4      *' 
6J      '* 


Solid  Media. — Agar-agar  is  best  made  by  Ravenel's  method.    To  make 
one  liter  take : 

(a)  Finely  chopped  fresh  meat^  500  gm. 

Water,  500  ccm. 

Mix  and  place  in  ice-chest  over  night  and  strain  through  a  coarBe  towel. 


(h)  Agar-agar, 
Water, 


12  gm. ; 
500  ccm. 


Place  {b)  in  autoclave  and  subject  to  two  atmospheres  pressure,  then 
allow  to  cool  below  100"  U.  before  opening.  Cool  agar  solution  to  T*"}®  C, 
then  thoroughly  mix  \b\  with  (a),  to  which  has  been  previously  added  10 
gm.  dried  peptone  and  5  gm.  common  salt.  Boil  for  from  three  to  live 
minutes,  standardize^  and  filter.  The  best  filter-paper  to  use  is  Schleicher 
and  ScliulLs,  No,  597,  The  whole  process  taxes  only  one  and  a  half 
hours. 

Glucose,  lactuse,  or  s^accharoae  agars  are  prepared  by  adding  2  per  cent, 
of  the  respective  sugars  to  the  filtered  sugar- free  agar,  f^ugar-fr<'e  agar  is 
prepared  by  inoculating  the  meat  juice  with  the  bacillus  culi  comnmnia 
antl  incubating  at  37.5^  C.  for  24  hours.  FVrmentatit»n  is  produced,  thereby 
destroying  the  meat  Kugar  present,  Such  media  are  used  to  atudy  the 
action  of  the  various  ferments. 

Giyrtriti-agar  is  made  by  adding  5  to  0  per  cent,  glycerin  to  the  filtered 
Agar,  This  forms  a  good  medium  for  the  growth  of  the  Bacillus  tuberculosif^. 
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Serum-agar  ia  w  medium  used  especially  in  the  cultivation  of  the  Micro- 
coccoa  gonocriR'CUH.  It  m  t>repareci  by  mixing  h  tube  of  melted  agar  which 
hiks  been  cooled  below  75*'  C*  with  orie-tbird  of  iu  bulk  of  istcrile  serum 
(human  or  sw^ne).  The  mixture  is  then  either  slanted  or  poured  into  A 
Petri  dish  and  aUi»weti  to  harden. 

Blood-atjar  is  prepared  either  by  am  earing  an  agar  slant  or  plate  with 
sterile  blood,  or  by  adding  .sterile  ck*£ibrinated  blood  to  melted  agar  coaled 
below  75''  C.  The  blood  nmy  be  obtained  either  from  the  placenta  and 
stored  away  in  test- tubed  or  from  the  finger.  In  the  latter  ca^^e  the  finger 
should  be  thoroughly  Btcrilized,  then  pricked,  and  a  drop  of  blood  taken  up 
With  a  sterile  capillary  tube  and  transferred  to  tiie  agar,  Thia  medium  is 
used  in  tho  cultivation  of  the  Bacillus  influenza  and  the  Micrococcus  cat- 
arrhalis, 

Bhtod'icrum.—lJM'^x*^  mixture  consists  of  1  part  glucose  boullloaand  3 
parts  beef  blood-serum. 

The  blood  i;*  collected  at  the  slaughter  bouse  under  cleanly,  but  not  nec- 
essarily sterile,  precautions^  and  set  away  in  ai)  ice-chest  for  from  twenty- 
four  Ujforty-eigbt  h<*ur8  in  order  to  ullc)w  ooinplete  clotting.  The  serum  is 
then  removed  with  a  cleau  pipette  and  thuroughly  mixed  with  the  glucose 
bouillon.  The  mixture  is  ttjbed  and  slanted  eilber  in  a  bot*airoven  or  in  a 
blofMl-serum  inspirtnator.  It  is  hmted  at  85°  to  95**  C*  for  two  or  three  hour* 
until  the  sertitn  is  firmly  coagulated.  Care  should  be  taken  that  the  serum 
docrt  not  become  overheated  and  that  it  i;*  perfectly  solid,  or  wben  the  steam 
sterilization  takes  place  the  s*urfaee  is  apt  to  becnme  riuighened  by  the  for* 
mation  of  bubble.'*.  The  hardened  rtlant:^  are  then  phued  in  the  steam  ster- 
ilizer and  sterilized  oa  three  consecutive  days. 

When  the  blood  haa  been  collected  and  tubed  under  sterile  precautions, 
it  is  sterilized  by  tbe  low-teni|KTattirc  method  (see  page  024}  and  then 
inspissated.  The  latter  method  is  employed  in  the  preparation  of  media 
for  tubercle-iiaeilli.     For  this  latter  purpose  5  per  cent,  glycerin  is  added. 

Potafn  mtdium  h  prepared  a^  folhiws^,  accorcling  to  Kavenel:  Potatoes  are 
first  washeil,  then  pared,  and  solid  cylinders  cut  out  with  a  cork  borer  the 
size  of  the  trst-tnbes.  The  phigy  are  then  cut  longitudinally  in  an  obliqut? 
direction  and  allowed  to  soak  in  tap*water  which  has  been  made  slightly 
alkaline  by  the  addition  of  sodiitm  hydroxid  for  from  four  to  six  hours. 
They  are  then  washed  thoroughly  in  runninij;  watf^r  over  night.  A  pledgrt 
of  absorbent  cotton  is  then  pushed  down  into  the  bottom  of  tbe  tube,  extend* 
ing  u[tward  for  one  inch.  The  potato  is  then  pushed  into  the  tube  and  the 
entire  surface  cf)vered  with  water,  (In  the  case  of  preparation  of  potato 
media  for  tubercle-barilltH  the  surface  is  covered  with  5  per  cent,  glycerin.) 
The  stopper  is  well  fitted  in  and  the  tubes  caj^pod  with  tin-foil.  The  tubes 
are  stiiriHzed  ftir  forty-fiA'e  minute<i  daily  on  three  Bucce^sive  days,  WheJi 
the  tube  is  to  be  used  the  excess  of  fluid  is  poured  otl' 

Gelatin,— ^^Q  make  lOOO  ccm.  prepare  lOOO  ccm,  meat  extract  as  d^cribed 
in  preparatifm  of  bouillon.  Add  10  gm,  dried  peptone,  6  gm.  sodium  chlorid, 
and  from  W)  to  loO  gm.  gelatin.  The  whole  is  slowly  brought  to  the  boil- 
ing-point, until  the  peptone,  salt,  and  gelatin  are  dissolved  and  the  meat* 
albumin  tboroughly  coagulated.  Tbe  mixture  is  standardized,  filtered,  and 
tubed.  Care  should  be  taken  not  to  overheat,  since  the  gelatin  easily  lose* 
its  property  of  solidification.  The  medium  is  Bterilized  for  twenty  minuU^s 
daily  on  three  successive  days,  and  after  each  i^teriliifiation  is  immediately 
set  in  ice-water.  The  immediate  cooling  after  exposure  to  heat  increaacft 
it«  solidifying  property. 

Ohico-^f  fidatin  is  prepared  by  adding  1  to  2  per  cent,  glucose  to  ordinary 
gelatin.  This  forms  a  good  mecliura  for  the  growth  of  anaerobic  bacteria  at 
room  temp)erature» 

FiotkfnnskVit  urine  gfiaiin^  for  the  differentiation  of  typhoid  and  coli  bacilli, 
is  prepared  as  foUows  : 
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Uriae  (sp,  ^r  1020)  which  la  two  days  old  and  strongly  ammoniaciil  is 
heatwl  0(1  a  water-batli  tbr  one  hour,  0.5  per  cetil,  peptone  and  a. 3  to  6.ti  per 
cent,  gelatin  having  previously  been  added*  This  uiixture  is  then  tVltered, 
tui><3d,  ami  sterilized.  The  sterilization  is  accomplished  by  steaming  in 
Bteam  sterilizer  fr*r  fifteen  minutes  on  the  first  day  atid  for  ten  minutes  on 
the  following  day»  With  this  meditirn  and  in  plate  cultures  the  typhoid 
bacilli  exhibit  tbeniHelves  in  from  fitleen  to  twenty-four  hours  as  irreg:ulariy 
bordered  colonies  with  longliagella-like  projections,  while  thecoli  communis 
coloni<^  appear  a^  they  do  in  normal  gelatin — ^4,  e,^  as  flat,  spreading,  irregu- 
larly bordered,  dull  white  colonies  on  the  surface;  and  a^  circular,  often 
lobulated  colonies  with  yellow  gramitar  center  in  the  deeper  structures  of 
the  gelatin* 

Preservation  of  Culture-iiiedia.— Culture-media  that  have  been  tabed 
are  best  preserved  by  means  f^f  a  tin- foil  €ap  which  preveutt*  evaporation  and 
the  invasion  of  moulds,  liefore  the  first  sterilization  the  cotton  ping  is  in- 
troduced deeper  than  firdinarily  and  <'ut  off  at  a  level  with  the  edge  of  the 
tube.  Tin-foil  cut  in  appropriate  squares  is  then  placed  over  the  mouth  of 
the  tube,  care  being  taken  to  have  perfect  apposition  around  the  edge  of  the 
tube.     The  tubes  are  sterilized  according  to  the  nsniil  method, 
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The  presence  or  absence  of  bacteria  iti  any  given  substance  if  determined 
by  cover-glass  preparations,  culture,  or  animal  inoculation.  In  the  collec- 
tion of  all  material  for  bacteriologic  exarninati(m  care  must  be  taken  to 
avoid  contamination  from  the  air  and  surrounding  objects.  For  this  purpose 
everythinif  with  which  the  material  may  come  in  contact  must  be  absolutely 
Bterile.  The  most  convenient  methoil  of  collecting  pus  and  exudates  is  by 
means  of  the  swab  stick.  These  are  made  best  from  aluminium  wire*  around 
the  end  of  which  is  wound  a  small  piece  of  absorbent  cotton.  Tbe  stick  ia 
placed  in  a  test-tnbe  plugged  with  raw  cott^m  and  the  whole  sterilized  in  a 
not-air  oven.  Pathologic  fluids  are  collected  in  sterile  capillarv  lubes, 
aterile  veterinary  syringes,  sterile  medicine-droppers,  or  by  aspiration  into 
iterile  rice]>tarh'^. 

Cover-^lass  Preparations.— All  suspected  patbulogic  material  is  exam- 
ined lirst  mirroscfipn  ally  in  order  to  determine  the  ap[>roximate  nnmbt  r 
and  character  of  the  bacteria  present.  A  very  small  amount  of  the  sub* 
stance  to  be  examined  is  placed  on  one  clean  cover  glass  and  spread  out  l>y 
putting  anotber  npcm  it  and  drawing  them  apart.  The  thin  film  is  allowed 
to  dry  in  the  air  nnd  fixed  by  pas.sing  through  the  fianie  three  times. 
The  preparation  is  then  stained  with  one  of  tbe  basic  anilin  stains.  This 
is  accomplished  either  by  staining  directly  upon  the  cover-glass  with  a 
dilute  stain  or  bv  diluting  a  corn  cntrated  stain  in  a  watcli-glass  and  floating 
the  cover-glass  lilm  side  downward  on  the  solution. 

Staining  of  Bacteria.^ — The  basic  anilin  stains  are  used  in  staining  bac- 
teria. Ttiey  lire  kejtt  in  htock  in  saturated  alcoholic  solutions  and  diluted 
1 :  l(i  aud  1 :  lt»l>  a^i  li ceded  for  use» 

Lotller's  alkaline  mi  tbylene-blue  solution  («ee  page  907)  and  carbolated 
thionin  (see  page  909)  lure  useful  stains, 

Aqueout  Fuchftin. — 

hatnrated  alcoholic  solution  of  fuchsin^  10  ccm. ; 
Water,  im>     *' 

Methylene-blue  ia  the  most  satisfactory  for  simple  staining  since  it  does 
not  stain  so  intensely  jis  the  others.  The  bacteria  are  stained  deep  bine.  In 
staiuing  with  fuchstn  care  must  be  taken  tu  use  a  dilute  solution  and  to 
stain  for  a  very  abort  time. 
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Zielll*8  solution  is  the  best-known  »tain  for  tubercle-bacilli. 

Fuchsin,  0.25  gm. ; 

Alcohol,  10  ccm. ; 

Carbolic  acid  solution  (5  per  cent.),         100    " 

Weiohselbaum's  Method  for  Staining  Tubercle-bacilli. — The  specimen  is 

stained  with  Ziehl's  solution  for  tliree  minutes,  heating  over  a  bunsen  burner 
until  steam  arises.  It  is  then  decolorized  and  counterstained  in  a  saturated 
alcoholic  methylene-blue  solution  for  two  minutes. 

Gabbet*8  stain  is  also  used  as  a  decolorizer  and  counterstain.  The  for- 
mula is : 

Sulphuric  acid,  25  ccm. ; 

Aquae  dist.,  100    " 

Methylene-blue  to  saturation. 

The  decolorizing  and  counterstaining  may  be  done  separately  as  follows 
with  the  Ziehl-Neelson  method : 

1.  Stain  with  carbol-fuchsin  at  st^am  heat  for  two  minutes. 

2.  Decolorize  in  5  per  cent  sulphuric  acid  for  two  to  five  seconds. 

3.  Wash  in  70  per  cent,  alcohol  until  all  color  disappears. 

4.  Counterstain  in  an  aqueous  methylene-blue  or  Lomer's  methylene-blue 
solution. 

The  smega  bacillus  and  the  group  known  as  the  acid  "  fest "  bacilli  also 
stain  by  this  method,  although  the  tornier  can  be  decolorized  by  alcohol. 

Contrast  Stains. — Gram's  Method. — 1.  Stain  in  aniliu-water  solution 
of  gentian- violet  for  two  to  three  minutes.  Anilin-water  gentian- violet  is 
prepared  by  vigorously  shaking  together  100  ccm.  distilled  water  and  4  ccm. 
anilin  oil.  Filter  through  wet  filter-paper  into  watch-^lass  and  add  enough 
of  a  saturated  alcoholic  solution  of  gentian-violet  to  form  a  metallic  scum 
on  the  Hiirfaco  (usually  about  1  ccm.). 

2.  Dry  between  filter-paper. 

8.  Treat  with  iodid-iodin  solution  (iodin  1  gm.,  potassium  iodid  2  gm., 
water  300  cc.)  for  one  and  a  half  to  two  minutes. 

4.  Dry  between  filter-paper. 

5.  Decolorize  in  95  per  cent,  alcohol  until  color  no  longer  is  washed  away. 
().  Wash  in  water. 

7.  Counterstain  in  a  weak  aqueous  solution  of  alcoholic  fuchsin. 
This  method  decolorizes  some  varieties  ot*  bacteria  (see  list  below)  and 
counterstiiins  them  with  fuchsin,  while  other  varieties  retain  the  violet  stain. 
The  more  important  bacteria  behave  iis  follows  to  Gram's  stain : 


Stained  by  (iram. 
Streptococcus  pyogenes. 
iStiij)liyl()C(>ccus  pyogenes  aureus. 
Stuphylococcus  j)y(>gencs  albus. 
Friinkcrs  jincinnococcus. 
Micrococcus  tctnigeiius. 
Strcptotlirix  uctinomyces. 
Kacilhis  of  tuberculosis. 
Bacillus  of  leprosy. 
Bacillus  of  tetanus. 
Bacillus  of  anthrax. 
Ba(!illus  (liphtheri:e. 
Bacillus  of  swine  plague. 
Bacillus  of  mouse  septicemia. 
Bacillus  subtil  is. 
Bacillus  of  ]>otato. 
Bacillus  aero<renes  encapsulatus. 
Bacillus  pyocyaneus. 


Decolorized  btj  Gram. 
Micrococcus  catarrlialis. 
(xonococi-us. 
Diplococcus   intracellularis  meningi- 

ti<lis. 
Bacillus  typhosus. 
Bacillus  coli  communis. 
Bacillus  of  rabbit  septicemia. 
Bacillus  of  chicken  cholera. 
Bacillus  of  malignant  edema.  (?) 
Bacillus  of  Friedlander's  i)neumonia. 
Bacillus  of  bulxmic  plague. 
Bacillus  of  glanders. 
Bacillus  of  inHuenza. 
Bacillus  proteus. 
Spirillum  of  relapsing  fever. 
Vibrio  cholen©. 


BACTERiO LOGIC   EXAMINATIONS.  929 

Special  Stiin  for  DifTerefitiating  Diphtheria  and  Pseudodiphtheria  Bacil- 
lus (Polar-body  Stain).— I.  Slain  a  twi*iity-lbur-lu)ur  old  culture  with  tilku- 
line  methyleiie-bliie  Boiutioii  under  slight,  heat  Tor  twu  to  three  miiiutea. 

2.  Decolorize  with  :i  per  cent,  acid  alcohol  tor  two  to  three  f*econda. 

3.  Wash  in  water, 

4.  Couiiter^taiu  with  1  per  cent,  aqueous  Bolution  of  eosia  for  fifteen  to 
thirty  seconds. 

5.  Wa«h,  dry,  and  mount. 

The  polar  bodies,  wiuch  the  true  bacilli  alone  contain,  are  ataioed  blue 
and  the  remainder  of  the  hacilhis  pink. 

The  Htnin  in  somewhat  limited  in  itvS  usefulnesfl,  however^  sinco  the  true 
bacillus  of  diphtheria  doe**  not  always  exhibit  a  polar  body* 

Plck-Jacob»ohri*s  Contrast  StBm.—Metht/lene^biue-eosin  stain  ia  a  good 
stain  for  pus  preparation!^. 

L  Stain  with  a  mixture  of  Loffler's  methylcne-hlue  3i)  parta  and  a  satu* 
rated  alcoholic  solution  of  eoain  10  purls  for  one-half  minute. 

2.  Wsvsh  in  water. 

Bactt?ria  are  stained  deep  blue,  nuclei  lighter  blue,  and  eell-protoplasm, 
etc.,  red.     The  best  resultn  are  obtained  by  a  freshly  prepuired  i^tain. 

Staining  of  Spores  (Ohon's  Modification  of  Moefler's  Method). — L  Wash 
cover-glass  siireads  in  5  per  cent,  chromic  acid  for  two  minutes. 

2.  Wash  thoroughly  in  water. 

3.  Stain  with  carbol-fuchsiu  at  steam  heat  for  one  hi  two  minutes. 

4.  Difierentiate  with  a  5  per  cent,  anlphuric  acid  solution  for  one  second. 

5.  Wash  in  water. 

6.  Counter-stain  with  borax  metiiylene-blue  (see  p.  914)  for  one-liaif 
minute. 

7.  Wash  well  in  water. 

8.  Dry  and  mount  in  Canada  balsam.  The  spores  are  stained  red;  bac- 
teriit  lilue. 

Capsule  Stiinlng.— 1.  Make  cover-glass  preparation  without  using  water. 
2.  Wiish  in  concentrated  acetic  acid  for  two  minutes, 
fl  Dry  without  washing. 

4.  Stain  with  anilin-water  solution  of  gentian-violet  one  to  two  minutes. 

5.  Ditlcrentiate  in  50  per  cent,  alcohol  for  one-half  to  one  second, 
ti.  Wiish  well  in  wiitcr. 

7.  Dry  and  mount  in  Canada  balsam.  Bacteria  deeply  stained,  while 
capsule  form«  a  lit^bter  halo. 

Flagella  Staining. — to  stain  successfully  for  Hagella,  the  following  cau- 
tions must  hv  observed  : 

1.  The  cover-glasses  mu*^t  be  absolutely  clean  and  free  from  grease.  For 
this  purpose  they  are  warmnd  m  concriitrnteel  sulphuric  acid,  washed  in 
water^  and  kept  in  a  mixture  of  equal  parts  of  alcohol  and  concentraletl 
ammonium  hydroxid  solution. 

2.  The  lilm  must  be  eveidy  and  thinly  made,  with  Yitty  few  hacteriu  in 
the  emulsion.  The  emulsion  must  be  diluted  with  filtered  water  until  there 
is  only  a  sliglit  cloud incss.  A  i*mall  drop  is  placed  on  the  eover-glass  and 
spread  out  with  the  platinum  spatula. 

3.  As  little  beat  vla  ^jowsible  must  be  used  in  fixing  and  staining,  and  to 
avoid  overheating  the  finger  slioiild  be  placed  beside  the  cover-glass  as  an 
indicator. 

4.  Use  a  young  culture.     Best  eighteen  hours  old. 

The  best  re^iljlts  are  obtained   by  staining  with  Muir's  modification  of 
Pitfield's  method. 
{a)  Afordaut: 

Tannic  acid  {10  [*er  cent,  solution — filtered),  10  ccm. ; 

Mercuric  chlorid  ^ saturated  aqueous  solution),  5     ** 

Alum  (saturated  aqueous  solution),  6     ** 

Carbol-fuclisin  (filtered),  6     ^' 
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Thoroughly  mix  and  after  the  precipitate  forms  and  is  deposited  the 
supernatant  solution  is  removed  with  a  pipette.  This  mixture  keeps  from  one 
to  two  weeks. 

(6)  Stain : 

Alum  (saturated  aqueous  solution),  10  ccm.  ; 

Gentian-violet  (saturated  aqueous  solution),        2     " 

Filter  before  using.     Keeps  for  two  days. 

Heat  gently  with  mordant  until  steam  arises  and  keep  at  steam  heat  for 
one  minute.  Wjish  well  in  running  water  and  allow  to  dry  in  air.  Heat 
with  stain,  as  before,  for  one  minute,  dry  in  air,  and  mount. 

Methods  for  Staining  the  Spirocheta  Pallida.— ((?ie7^2w'«  Method), — Pre- 
pare a  solution  of: 

Azur  2.  0.8  gr. 

Azur  2.  Eosin  3.0  ^r. 

Glycerin  (Merck  chemically  pure)  250.0  (Jc. 

Methyl  alcohol  250.0  Cc. 

Drv  the  smear  in  air  ;  fix  with  absolute  alcohol  for  15  to  20  minutes ;  dry 
with  niter  paper.  Dilute  stain  (1  drop  te  1  Cc.  of  water);  drop  on  smear 
immediately;  allow  to  remain  for  10  to  15  minutes;  wash  with  running 
water,  dry  with  filter  paper,  imbed  in  balsam  and  examine.  This  method 
will  show  8.  pallida  in  15  minute-s ;  the  maximum  stain  is  attained  in  an  hour. 
ScfMudinn  and  Hoffuian  used  Giemsa  8tain  as  follows : 
Prepare  fresh  solutions  as  follows : 

Greinsa  Eosin  Solution  (2.5  Cc.  of  5  per 

cent,  eosin  sol.)  to  500  Cc.  water,  12  i)ts. 

Azur  1.  (Sol.  1  to  1000  water),  3    ** 

Azur  2.  (Sol.  0.8  to  1000  water),  3    " 

Prepare  and  fix  smear  as  above,  allow  to  remain  in  stain  for  16  to  24 
hours,  then  wash  in  water  and  mount  in  cedar  oil. 
Qoldhorn's  Method.— Stain  :— 

Lithium  carbonat,  1  gm. 

Water,  200  ccm. 

Methyleiie-blue  (medicinal),  2  gms. 

When  completely  dissolved,  heat  on  a  water-bath  until  a  rich  polychrome 
has  formed. 

Filter  tliroiiirh  cotton.  One  half  of  this  polychrome  is  carefully  acidi- 
fied with  5  per  cent,  acetic  acid  until  blue  litmus  jiaper  shows  a  faint  red- 
dish tinge.  Tin*  second  half  of  the  polychrome  is  added  and  into  this  cor- 
rected dye,  a  \v(»ak  watery  eosin  solution  (0.5  per  cent.)  is  poured  until 
complete  precipitation  has  taken  place.  This  is  determined  by  filtering  a 
sample  from  time  to  time  nntil  the  filtrate  is  of  a  pale  blue  watery  color 
and  slightly  fiiiorescent.  The  mixture  is  set  aside  for  24  hours  and  lathen 
filtered  throu<,Hi  a  double  laver  of  filter  paper. 

The  precipitate  is  dried  slowlv  at  40°  C.  and  dissolved  in  methvl-alcohol 
making  a  strong  solution,  which  is  allowed  to  stand  for  24  hours  and  then 
refiltered. 

Method  :— 

1.  Cover  unfixed  preparation  with  stain  and  allow  it  to  remain  for  2  or 
3  seconds. 

2.  Pour  off  stain  and  slowly  introduce  cover  slip,  preparation  side  down, 
into  clean  water. 

3.  Drain  and  dry  in  air. 

4.  Mount  in  balsam. 

The  spiroc^bieta  pallida  is  stained  a  purplish  color,  which  may  be  changed 
into  light-black  or  black-brown  by  treating  specimen  with  Grain's  solution. 
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Staining  of  Bacteria  iti  Tissues.— Tuberole^bacillut. — 1.  Stain  Feetion 
with  caruir.I-fu€h»in  ihr  at  least  une  hour  at  incubatt>r  temperature. 

2.  \Vji.sh  well  in  water. 

3.  Differentiate  with  15  percent,  nitric  acid  for  five  to  ten  seconds. 

4.  Wa^li  in  water. 

5.  Wash  in  9^)  jier  cent,  alcohol  until  the  section  appears  very  light  in 
color. 

6.  Wiwh  in  water, 

7.  Counterf*tain  with  Lotller's  alkitline  niethylcne-hluc  for  from  one-half 
to  two  minutp-s,  or  untiJ  the  preparation  is  >4tained  regularly  with  blue* 

8.  WahU  m  water, 

9.  Transfer  t<*  ftlide  (if  celloidin  section), 

10.  Wash  in  95  per  cent,  ale<jhol 

11.  Dehydrate  in  ahaolute  alcohcjl. 

12.  I>r)  with  filter- paper. 
IS.  V]e»T  with  xylol 

14.  Mount  in  balsam. 

The  tuberde-haeilli  stain  red,  while  other  bacteria  and  the  tiBSues  stain 
blue. 

Ghon's  Method  for  Staining  Bacteria  in  Tissue^ — 1.  Htain  sn-tion  in 
borax  metiiylene-blue  (borax  1  j*art,  methyleue-blue  1  part,  water  100  part**) 
for  five  minnte^. 

2.  DifTereritiate  in  acetic  acid  (h  to  |  per  cent.)  for  one  to  two  seconds. 

3 .  Wns h  in  waller  1 V »r  1 1 1 ree  t o  fi ve  m i n u tes . 

4.  Transfer  to  slide  (if  ei-lloidin  >*  eel  ion). 

5.  Wa-^h  with  9'>  f>er  cent,  aleob**!  one-half  minute. 
(>.  Dehydralr  (piickly  with  absolute  :(!rohoL 

7.  Clear  with  xybil  and  mount  in  balsam. 

Sections  fi^taineri  by  this  nietlKid  show  the  bacteria  smd  nnelear  structures 
stained  defi*  hli;e.  wbilc  the  protoplasm  takes  «m  a  lig^bt  lilne, 
Gram-Weigert  Method,— .Stain  section  on  slide. 

1.  Stain  with  aailin  gentian-violet  for  two  in  three  minutes. 

2.  Dry  with  Uotting-pafK*r. 

"1  Treat  with  the  iodin  solution  for  one  and  a  half  to  two  minutes. 


4.   Dry  witli  biottinp-i>aper 
2  parts). 


i\  Decolorize  and  dehydrate  with  anilin-xylol  (anil in  oil  1   part,  xylol 


6.  Clear  and  thoroughly  retnove  anilin  with  frequent  changes  of  xylol. 

7.  Mount. 

This  stain  is  modified  by  first  staining  thest^ction  in  lithium-carmin  for 
ten  minutes,  washing  iiuickly  in  water,  and  differentiating  the  stain  in  iii-id 
alcohol.  This  stains  the  nuclei  red,  the  tissues  pale  (nnk.  Further  diiler- 
entiation  (Untia^s  modification)  can  be  secured  by  adding  two  or  three 
drops  of  saturated  absolute  a h-oholie  solution  of  picric  acid  t^j  the  aniHn- 
xylol  and  staining  while  decolorizijig  the  Gram  stain. 

A  section  stained  in  this  way  will  show  the  bacteria  bluish-hlack,  the 
nuclear  sfrncture  red,  and  the  protophiso)  atid  fibrous  tis.Hue  yellow. 

Examl nation  by  Culture.— Inoculation  of  l^edia.— hi'  studying  the 
growtii  of  njiiTo-organisnis  a  [lortion  of  the  culture-fluid,  or  other  sub- 
stance to  be  examined,  is  transferred  to  the  various  cnlturc'tubes.  To  do 
this  an  inocuhiting- needle  (<Mif)  is  eaiployed.  This  is  most  conveniently 
made  with  a  piece  of  platinum  wire  one  to  one  and  a  half  inches  in  length, 
either  straight  or  with  loop^^d  end,  and  histeneil  into  tiie  extremity  of  a 
glass  rod.  It  should  be  an  invariiible  rule  to  sterilize  this  needle  in  the 
naked  flame  both  before  and  after  it  is  nsed.  In  inoculating  liquid  media 
tbe  transterence  of  a  loopful  of  the  culture  or  other  substance  is  made  to 
the  culture'lube.  When  solid  media  areemployed  a  straight  puncture  may 
be  made  into  the  medium,  or  thin  latter  may  be  solidified  in  a  slanted  piisi- 
tion  and  the  needle  drawn  along  the  surface.     0«e  regard  must  be  hatiSwv 
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the  richness  in  bacteria  of  the  substance  examined.  With  pure  cultures* 
but  a  miiiule  quiiiitity  ia  traa»rerreci ;  with  blood,  howe\'er,  large  aiiiouuL«, 
6  to  10  Ce.,  are  udetj- 

To  study  the  appearance  of  the  separate  colonies  cultures  on  gelatin  or 
agar  pliitt^s  are  made.  The  medium  is  melted  and  then  cooled  to  a  tem- 
perature not  destructive  to  thf  bacteria;  4il°  C.  (104^  F.)  Jbr  agar,  lower  for 
gelatin.  Tlie  litpiid  medium  i??  inoculated  carefully  wmi  pfiured  into  eteril- 
ized  shallow  glass  dishes.  Thrive  deviled  by  Petri  art^  U!<efuL  They  ure 
from  three  and  a  half  to  tour  inches  in  diameter  and  half  an  inch  or  k^-w 
deep.  Each  microbe  i^^  suppostHl  to  form  bv  its  growth  a  He(mrate  colony, 
and  in  this  way  dii^'ereHt  species  can  be  easily  isolated  and  reinoeulated  on 
fresh  tubes.  When  cultures  are  used,  or  when  the  bacteria  are  very  numcr- 
ou!<,  the  rc<]uisite  dilution  may  be  made  by  inoculating  a  second  tul>e  from 
the  first,  and  in  like  manner  a  third  from  the  second.  Efstnarch,  instead  of 
pouring  plalet*,  tpiiekly  rolled  the  tubes  on  a  piece  of  ice  or  in  iee-w*ater, 
thereby  forming  a  thin  coating  f>f  the  solid  medium  on  the  inner  surfacr  f»f 
the  tube.  If  it  u  necessary  to  make  a  numerical  estimation  of  the  bacteria^ 
definite  quantities  of  the  medium  and  culture  must  be  employed  iu  the 
dilution.     Sterilisted  pipettes  are  uned  in  the  process  of  diluting. 

Stroke  Cultures  on  Agar  Plates*— IVmr  melted  agar  (cooled  to  5«J**  C)  io 
Petri  dishes  which  have  been  warmed  over  the  Puii-neu  burner  so  that  the 
glass  an«i  agar  may  have  nearly  the  j^ame  temperature.  When  it  ha«  be- 
come hardened  a  small  loopful  of  the  material  to  be  examined  is  placed  on 
a  broad  platinum  spatula  ami  stroked  on  the  plate,  five  parallel  strokes 
being  made  on  each  plate.  If  the  preliminary  micrr»scopic  examinution  hasi 
indicated  that  tliere  is  a  great  nnndier  and  variety  of  bacteria  present,  two 
plates  should  be  used,  making  the  last  stroke  on  the  second  plate  the  ninth 
dilution.  Colonies  cultivated  by  such  a  methofi  can  be  readily  stn<?'  — * 
under  the  low  and  medium  powers  tif  the  micnjscofvr  and  can  be  ' 
isolated.  Thi.s  method  is  especially  a|>plicable  for  the  cuitivalion  oi  a.^ 
Bacillus  influeuf^ej  in  which  case  the  agar  must  finst  be  emeared  with  st^rite 
blood. 

Isolation  and  Identification  of  Bacteria. —Bacteria  are  isrdated  into 
colonies  by  the  melhnds  described  above.  The  growth  then  is  examined 
imder  low  magnitieHtbin  and  (|Uesiiioiahle  cobodes  are  designated  by  mark- 
ing the  bottom  of  the  jdate  witli  an  anilin  pencil.  The  marke<i  colunie* 
tlien  are  transferred  hy  the  platinum  needle  to  slant  agar. 

The  identification  of  bacteria  is  accompli siied  by  obeerving  the  following 
principles:  1.  The  size  and  form  of  the  organism  should  be  studied  in 
Htained  prenarati«m.  "1.  Tlie  motiliiy  should  be  studied  in  the  hanging 
drop.  3.  The  presence  or  absence  of  fliigella,  their  number,  character,  hd3 
arrangement.  4.  The  [irt'senee  or  absence  of  spores,  and  the  characteristic* 
of  the  sporulation  should  next  be  studit^L  5.  The  organism  should  be 
stained  by  Gram's  method  and  divided  into  one  or  the  other  of  the  two 
classes— Gram  jjo^itive  or  negative,  tj.  The  character  of  the  culture  on 
agar  should  be  notisJ  and  a  transference  made  on  all  the  difTerent  media. 
The  following  charaeteristics  should  be  noted: 

[a]  Behavior  to  gelatin  stab-culture,  lic|uefactjon  or  not. 

\h)  Growth  of  deep  and  surface  colonies  on  gelatin  and  agar. 

(p)  Growth  in  bouillon ;  presence  of  Bediment,  cloudiness  or  surface 
growth. 

(</)  Grow^th  on  the  s ugar- media  (glucose,  aacchurot^f  and  lactose ) ;  pro- 
duction of  gas. 

(e)  Growth  nn  litmuB-milk  ;  curdling  and  reaction. 

\f)  Growth  I  in  potato*. 

(g)  CJrowth  on  sj>ecial  media;  blood-agar,  glycerin-agar,  etc. 

(h)  Behavior  to  oxygen  ;  aerobic  or  anaerobic. 

(i.)  The  optimum  temperature. 
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(J )  The  protluction  of  iDdol. 

(k)  The  production  of  pignient 

7.   Fathogeryicity  and  vinilent'e  to  animali** 

Han^ng  Drop.— The  motility  of'  an  organism  is  beet  obBerved  in  the 
"hanging  drop,  whk'h  in  made  by  placing  a  roof>ful  of  a  bouillon  culture  or 
an  t^mulsion  of  bacteria  on  a  clean  cover-glass  and  inverting  it  over  a 
hollowed  microscopic  slide,  the  edgen  of  the  cover-glasH  being  !*ealed  with 
vaaelin.  Care  must  be  taken  not  to  mietake  the  vibratory  (Brownian) 
motion,  which  is  always  at  one  point,  for  the  current  motion,  cans^ed  by  in- 
complete apposition  of  the  cover-glatis  to  the  sHde^  in  which  the  bacteria  all 
move  in  one  direction  for  true  motion.  U  an  org"anism  is  motile  they  are 
seen  moving  in  all  directions. 

The  Wldal  Reaction  Is  Performed  at  the  Pepper  Laboratory  aa 
follows  :  Tlie  blood  is  collected  from  the  finger  of  the  patient  by  meann 
of  a  capillary  tube  having  a  conjC4il  enlargement  at  the  middle.  After 
filling  tne  tube,  it  h  sealed  at  both  ends  and  the  blood  allowed  to  stand 
until  the  serum  separate**. 

A  suspension  of  an  eighteen-  to  twenty -fonr-hour  typhoid  culture  \»  made 
io  physiologic  salt  solution,  approxiniatciy  the  tiamc  ililution  alwayi*  being 
made  (1  l(K>pful  of  culture  or  about  2  mgm.  to  IfJ  ccm.  bait  solution).  A 
hanging  drop  is  made  of  the  eiispen^ion,  and  if  any  clumps!  are  present  it  is 
filtered  through  sterile  tiltcr-paper.  Capillary  pipettes  are  tljen  drawn  outj 
and  one  drop  of  nerum  ia  diluted  in  5  dropH  of  physiologic  nalt  solution  (di- 
lution 1  :i>).  Out'  drop  uf  this  Holulion  is  then  placed  on  a  covcr-gla^s  with 
one  drop  of  the  culture  suspension  (dilution  1 :  10),  and  examined  in  a  hang- 
ing drop.  If  agglutination  take?^  place  witjiin  ten  nainuten  a  second  dilution 
(l  :50)  la  made.  If  no  agglutination  i«  preisent,  the  reaction  is  miid  to  be 
negative.  In  making  the  1  ;.'»()  dilution,  one  drop  of  the  j«eriim  is  diluted 
in  25  dropa  of  physiologic  salt  solution  (dihitinn  1  :  2f/).  One  drop  of  thia 
*Kilution  and  one  drop  of  the  culture  suBpensitm  arc  mixcti  on  a  cover-glass 
(dilution  I  r  50)  and  examined  in  a  hanging  drop.  If  agglutination  occurs 
within  one  hour  the  reaction  is  said  to  be  positive. 

Instead  of  capillary  tubes  being  uneci,  a  more  accurate  clihition  may  be 
made  by  diluting  the  blood  directly  wiih  the  white-bloorl  counting  T^ipcttc^ 

If  dried  blood  i^  used,  a  dro[>  of  the  bhmd  in  dissolved  in  5  arops  of 
physiologic  salt  solution  and  the  dilutions  made  in  the  f^ame  manner  as 
above.  Dried  blood  and  serum  in  tubes  will  retain  their  agglutinative 
properties  fur  several  months. 

DETERMINATION  OF  BACTERIA  IN  THE  CIRCULATING  BLOOD, 

Blood  Culture. — L  The  skin  at  the  flexure  of  the  elbow  ^  scrubbed  for 
5  minutes  with  warm  water  and  tincture  of  green  soap;  wa-Hlied  with  tA\  per 
cent  alcohfd  ;  washed  with  solution  td'  bichloride  oi  mercury  (I  :20(K));  a 
wet  bichloriile  dressjnir  (1  :  ?flW)  applied  for  l.v  minutes;  washed  with  ster- 
ile water;  a  dry  sterile  dressing  applied. 

2.  The  blood  is  r»btained  from  a  lartre  vein  in  the  sterilized  region  by 
mean«  of  a  M\  eem.  glass  syringe  (Lul'r'H)  having  a  platino-iridium  needle 
attached.  The  syringe  is  be«t  sterilized  and  kept  ready  for  instant  use  by 
wrapping  it  in  raw  cotton  and  filter  paper,  sealiuir  the  cover  and  then  heat* 
ing  to  I  no**  C.  for  one  hour  in  the  hot-air  nven.  The  dressing  is  removed,  a 
tfiurniquet  applied  to  the  arm  above  the  elbow,  Huflicient  pressure  being 
made  to  cause  prominence  of  the  veins.  The  needle  is  heated  in  an  alcohol 
flame  and  plunged  through  the  skin  while  hot,  then  forced  through  the  wall 
of  the  vein.     Ten  eubic  centimeters  <>f  blood  are  withdrnwn. 

X  The  blood  is  divided  amrmg  flasks  of  bouillon  each  containing  200  ccni. 
(one  ccm.  uf  blood  to  each  flask)  for  a*rohic  eultivatlon,  and  among  tuWs 
of  litmus  milk  (0.5  ccm,  of  blood  to  10  f^eni.  of  media)  for  anterobic  culti- 
vation by  the  sodium  Lydroxide-pyrogallic  acid  method. 
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4.  Flanks*  and  tubes  &ro  incubated  lit  37*.V  C. 

."),  Sttb-culiur(M  on  slant  itgar  are  made  tta  soon  as  cloudiness  of  the 


CULTIVATION  OF  ANAEROBIC  BACTERIA, 

Tiie  media  used  for  tho  i"ultiviili<*ii  id  aiiiuTivldr  bacteria  .should  contain  1 
per  rent,  glucose :  sliuuld  be  Ire^tli  and  earelully  j^tandiirdized  (1  to  1.5  per 
Cent,  acidity  to  piientdphtimlein).  Befitre  using  thrv  should  be  boMeti,  to 
driv'**  iilT  afl  the  oxypren  absorbed  durij>^'  ils  pnpanition  and  storiige. 

Methods  with  Solid  Media.— Exclusion  of  Oxyqen^—Mrfhod  of  Li- 
W/iiw.— This  is  a  simple  method  and  consist*  in  cultivating  bacteria  in  the 
deeper  layers  of  media  containing  1  per  cent,  glucose.  A  tube  thrc^e- 
quarters  full  of  gluci>se-iigar  or  gelatin  is  boiled  for  a  few  minutes  in  order  to 
expel  the  oxygen.  It  i«  then  cooled  rat>idly  in  cold  water,  but  while  still 
liquid  it  is  placed  in  a  water-bath  at  a  temperature  of  4*^°  C.  As  soon  as  the 
media  eouls  to  this  temperature  it  is  inoculated  and  rii[>idly  cooled  in  ico 
water.  If  a  stab-eulture  is  desirable  I  lie  media  is  rapidly  stjlidified  in  ice* 
water  and  then  iuot!u!ated.  The  upper  portion  of  the  media  \&  then  heated 
over  a  hunseii  burner  and  the  upper  end  of  the  stab  sealed,  A  layer  of  plain 
melted  ajjar  may  be  run  itito  the  tube  above  the  solidihed  glucose-agar  and 
act  as  a  safety-guard  in  the  exclusion  of  the  oxygen.  This,  as  a  rule,  is  un- 
necessary, Theililfuse  inoculation  of  the  tubi's  serves  as  a  good  method  for 
isolating  eoloniea  of  mixed  cultures.  The  individual  colonies  niav  be  picked 
out  by  means  of  a  heavy  platinum  wire.  The  bacteria  with  this  method 
grow  in  thn  deeper  portion  of  the  mediunu 

HfiuxA  J/r-Z/io'/.^This  consists  <d'  drawing  up  into  sterile  glass  tulies.  the 
inocuhited  media  while  it  is  still  fluid.  The  ends  of  the  tubes  are  then 
aealed  in  the  liame  and  all  air  is  thus  excluded. 

Efimnrrh'i^  MHhud. — Tliis  is  a  simple  method  of  isolating  anaerobic  bac- 
teria in  u I i X H d  i •  u It u re .  A n  Es marcn  tube  o f  t h e  1  n oc u la t ed  gl ucose-gel a t i n 
is  prepared,  and  \vhen  the  medium  solidities  melted  gelatin  is  [wiured  into  the 
tuiie  and  is  ra|jidly  cooled  in  ice-wat^r.  The  end  of  the  tube  is  then  sealed. 
The  colonies  develop  in  the  layer  of  gelatin  which  i^  rolled  thinly  out  against 
the  side  of  the  tube  and  ran  be  studied  under  low  magnification. 

Kumarcli's  Mf  I  hod  of  RnH  i'nlfures, — Melt  and  itiocu  late  three  gelatin  or 
agar  tubes  according  to  the  method  used  in  diluting  for  jdate  culture$«  and 
then  roll  the  tube.s  on  a  block  of  ice^  the  tubes  being  held  horizontally.  A# 
the  medium  solidities  it  forms  a  thin  film  along  the  sitle  of  the  tube. 

P/ttU  CHlhtres, — Petri  dishes  should  br  strrilizrd  with  the  under  plate  set 
into  the  cover  bottom  downward.  The  inoeulateil  medium  (gehitin  or  atrnr^ 
is  then  poured  intni  the  cover  and  the  under  dish  pressed  carefully,  bntr  ,m 
surface  cjownward,  into  the  ^till  liquid  mediuiu.  Enotigh  medium  s^h^fuivi 
be  used  in  order  that  the  pressure  may  fill  the  space  lietween  the  aides  of 
the  dishes. 

AbsorptiOfi  of  Oxygen,— /?«e/*/wT*ji  MdhfHl—T\u^  priiirifile  of  this  met! .    ! 
is  the  absorption  of  oxgycn  by  the  mixture  of  an  alkali  and  |»yrogalUc  ii-  i  i 
It  is  applicable  to  both  plate  and  tube  cultures.     These  are  placed  in  a  gLt-s 
jar  in  the  bjttom  of  which  is  pyrogallic  acid  (I  gm.  for  each  lOO  crrn.  of  mr 
spacej.     A  solution  of  (lotassiuiu  lirdroxi*!  (1  :  ItV- 10  oem.  fivr  each  got     . 
pyrogallic  acid)  h  run  in  and  the  jar  quickly  closed  and  sealed  with  pnnit;i!. 
in  cultivating  a  single  tube  it  is  convenient  to  place  the  inoeulartHl  tub**  m 
a  larger  oue  which  ha?  a  constriction  about  one  inch  from  the  bottcMn,     The 
acid  and  alkali  mixture  lit^  in   the  chamber  below  the  constriction.     The 
large  tube  is  stoppered  with  a  rnblnvr  stopper  and  seabed  with  paraffin. 

Wri(^kC9  Method, — This  method  depends  upon  the  same  principle  as  that 
of  Buchner.     It  may  be  used  with  dolid  or  liquid  media.     The  m^^dium  is 
first  inoculated  and  the  cotton  plug  (absorbent  rott(m)  is  pushed  down  if^> 
the  tube  far  enough  to  allow  for  the  insertion  of  a  rubber  stopj»er  abov* 
About  1  ccm.  of  an  at|Ueous solution  of  pyrogallic  acid  (equal  part^  i*f  \.  , 
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and  nyrogaUic  acid  by  bulk)  i.h  run  into  tho  cotton  stopper,  and  this  is  fol- 
i«>weu  by  the  adiiitiori  of  1  cum,  n\  a  sodium  bycirate  8<diilir>n  \l  to  2  jiarti* 
of  watt:*r).  A  rubber  stopper  is  tlien  inserted  nnd  sefdtid  with  melted  par- 
affin. Care  should  be  taken  tiiat  tb<*  c«>tt«>ti  plug  is  of  such  a  bulk  na  to 
abi^orb  the  alkali  acid  mixture  in  order  tbat  it  will  not  run  down  the  side  of 
the  tul>e  and  contaminHte  the  culttire. 

Cultivation  in  Fluid  Media.— A  Kifuple  mtthod  for  anaerobic  cul- 
tivation in  bouillon  ha.s  been  devised  by  Wright  (Fig.  864).  An  appa* 
ratUH  CO  nr^  is  ting  of  an  ordinary  te^t-tube  rontain- 
in^  a  system  of  gbiss  and  rubber  tube.^  \^  prepared 
and  8turilized.  A  glass  tube  (a)  one-haU"  the 
ie!ii:th  of  the  te-^t-tube,  the  end-^  being  drawn 
out  Hoincwbat^  is  fitted  above  and  below  with  one- 
half  ineli  of  rubber  tubing^  ((:} ;  tbe  up{>er  rubber 
tubing  is  connected  with  a  glass  tube  which  ex- 
tend;*  outside  the  test-tube  and  has  at  its  upper  end 
a  cotton  plug^Di.  Attached  to  thi.s  tube  above 
m  ji  amall  piece  of  rubber  tubin^*^  (e).  The  bouil- 
ion  is  inoculated  and  is  then  sucked  up  until  it 
half  111 U  the  upr>er  glass  tube.  The  terminal  rub- 
ber tubing  m  then  pinched  in  order  to  avoid  a 
backward  flow,  and  tbe  whole  Bystcni  of  glass  and 
rubber  tubts  m  pushed  d<rwnward*  Tliii*  flexe:*  the 
two  ru liber  lubes  wilhin  the  tci^t-tube  and  keeps 
the  lujuid  at  tlie  level  to  which  it  is  first  ilrawn. 
The  fluid  in  tbe  gla^s  reservoir  is  thus  absolutely 
free  fro m  a i  r.  Tb e  bon i  1  Ion  »h ou  1  d  fi  rst  be  b o i  1  ed 
b  e  fo  re  i  n  o  c  n  I  at  i  o  n .  T 1 1  e  ad  van  tages  o  f  tb  i  s  m  e  tb  od 
lie  in  iln  simplicity  and  in  the  fact  that  it  can  be 
determined  whether  the  bacterium  grows  better 
wnder  aerobie  ar  anaen>bie  rM>nditions* 

Growth  Under  Layer  of  Paraffln.— Thi^s  method 
is  especially  applicable  when  it  is  desirable  to 
grow  anaerobic  bacteria  in  large  quantitiej!t^  as  in 
case  of  the  te>iiinns  bacillus  gn»wii  for  tbe  purpose 
of  obtaining  its  toxin.  A  liLrj^'c  Erlenmeyer  nai^k 
is  filled  one-third  full  witb  ghtco««e  bouillon,  and 
over  this  is  floate^l  a  layer  of  liquid  paratRn  one 
ineb  in  thickness.  Tbe  whole  is  tlien  sterilized 
and  is  ready  lor  use.  Inoculation  is  made  by 
carrying  the  material  on  a  hirge  spiral  loop 
through  the  paraffin  into  the  bouillon. 

Exhaustion  of  Air. — This  nuthod  is  apidied  best  by  placing  cultures  in  a 
Novy  jar  and  exhaustijjg  the  air  by  means  of  an  air- pump.  A  vacuum  ta 
more  readily  established  by  placing  in  tbe  jar  a  mixture  of  alkali  and  pyro* 
gallic  acid. 

Cultivation  in  the  Presence  of  Hydrogen.— This  m  accomplished  by  passing 
hydrogen  through  a  Novy  jar  whiih  cordjiins  tbe  tube  or  plate  cultures 
until  all  the  oxygen  Inis  been  displaced  and  then  Jierno  tieally  closing  the 
vessel.  Hydrot^en  is  generated  by  the  addition  of  sulplmrie  acid  to  granu- 
lated xine.  The  gas  should  be  passed  through  two  washing  Viottleii,  one  con- 
taining an  alkaline  solution  of  pyrogallie  acid,  tbe  other  a  1  per  cent*  solu* 
tion  of  acetate  of  lead,  in  order  that  it  may  be  entirely  free  of  oxygen.  It 
is  then  collected  into  a  reservoir,  and  should  be  tested  for  the  presence  or 
absero'C  of  oxygen  belbre  using.  For  this  purpose  it  is  collected  in  a  test- 
tube  inverted  in  water  and  ignited.  If  no  explosion  takes  place  tbe  hydro- 
gen is  ready  for  use. 


Tin.  3fi4.— Wright's   method 
«tf  auacrobic  cultivation. 
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H4>|l>Uh,  7HI                                                                                 ^H 

A|>p'  ndiciti^,  f>8l 

deforman.H.  7^1                                                  ^^^H 

eiilivrrhai.  582 

gonorrheal,  0!>5                                                ^^^^M 

Kausreiiotni,  582 

gouty .  7>^3                                                         ^^^^1 

iiiteratitial,  582 

ijj'uropatliic,  782                                              ^^^H 

necrotic.  582 

rhctmnitoid,  781                                                    ^H 

ptitholoirEc  anatomy  of,  582 

i^euile.  781                                                            ^^^H 

recurritiij,  583 

Arthropodia,  IHU                                                 ^^^H 

nslapsinjf,  5S3 

Arthrospores.  214                                                ^^^H 

reaillt^ijf,  583 

AM-aridcH  in  liver,  616                                         ^^^H 

Apiit-ndii,  807 

A^-ariH  eaiii<i,  lir>l                                              ^^^H 

Af|!iednct  of  J^ylvios,  »l)7 

lnmhrieoide«i.  350,  505                                   ^^^H 

At^mous  fucbsiii  as  bj^cteriii  stain,  »27 

in:iritlma,  3i>l                                                  ^^^H 

Amrbnoid.  cetvbml,  7M 

Ascites,                                                                  ^^^H 

choleHt^atounila  of,  603 

ihyliforni,  628                                                    ^^^H 

edema  of.  7l«; 

ehvlouM,  628                                                        ^^^M 

tmdfpthelioma  of,  ^12 

AspbyKta,  23                                                       ^^M 

hemorrliaKc'^  iuto,  7iMi 

Aa[iinitioU'pnenmoiiia,  503,  506                             ^H 

in  flam  mat  ion  of,  797 

As|Mjro«f  ijoUK  ra<H*!<,  215                                      ^^^M 

lipomatu  of.  8(Ki 

Asii^ociatlondiber^  of  hrain,  806                         ^^^^H 

sypliilis  of  H(>2 

Ai^m  metric  kitryokine^^iK,  129                       ^^^H 

teratomala  of,  782 

^^^H 

tumors  of.  802 

AtaviHUi.  18                                                          ^^^H 

Kpinal,  80  J 

At^ixia,  Friedreich's,  883                                 ^^H 

in  fla mi  nation  of,  863 

Ateleetasis,  1J*5                                                            H 

syphilis  of,  mi 

congenital.  495                                                         H 

tillM^rerilosis  of,  80^ 

Atheroma  of  arteries  of  hraiu,  836                           H 

4 
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Atheromatous  cyst  of  testicle^  750 
plate,  457 
ulcer,  457 
Atmospheric  pressure,  decreased,  in  eti- 
oloKy  of  disejise,  23 
increased  in  etiology  of  disease,  22 
Atonic  dilatation  of  stomach,  568 
Atrophic  cirrhosis  of  liver,  606 

sclerosis  of  brain,  823 
Atrophy,  68 
acute  yellow,  of  liver,  602 
brown,  <{9 

of  heart,  442 
definition  of.  68 
etiology  of.  (J8 
muscular,  myopathic,  790 
neuroiMithic,  789 
progressive,  789 
pseudohypertrophic,  790 
simple,  790 
numerical.  (»8 
of  arteries,  453 
of  bone,  750 
of  bone-marrow,  413 
of  gastric  glands,  566 
of  heart,  442 
of  kidney,  663 
of  liver,  ,599 
of  lungs,  491 
of  lymphatic  glands,  404 
of  mammary  gland,  726 
of  mucosa  of  intestines,  577 
of  muscles,  7h9 
of  nerves,  890 
of  pancreas,  fJ22 
of  prostate,  751 
of  spleen.  401 
of  stomach.  .566 
of  testicle,  742 
of  tongue  and  cheeks,  545 
of  uterus,  puerperal,  710 

senile,  710 
pathologic  anatomy  of,  68 

physiology  of.  69 
j)rogn'.ssiv('  spinal  muscular,  8Ri 
siniph*.  <>8 
Atroj)in,  ])oisoning  by,  30 
Aurinilar   s(>ptuni   of  heart,    defects   of, 

41h 
Auriculovcntricular  <>ri flees,  stenosis  and 

atrrsiii  of.  4 IS 
Auto-intoxiration,  deflnition  of,  19 
Autonomous  new-growths,  \'M\ 
Avasnilar  tissues.  i>henomena  of  inflam- 
mation in.  109 
Avian  tnbcrrlc  bacillus,  217 
Axis-cvlin<lers.  methfKl  for  demonstrat- 
ing, 91«> 

Hacilu's,  *J1;j 
aridi  laeti<i.  2r>l 
airogi'iifs  capsulatus,  294 
anthnuis,  291 
coli  coninninis,  26.'} 

in  kidney,  673 

in  urine.  <»h9 
di]>htheritts  2.52 


Bacillus,  dipbtberie,  cultivation  of,  256 

distribution  of,  255 

et     pseudodipbtherie,      differential 
stain,  92}) 

pathogenicity  of,  253 
icteroides,  315 
influen&p,  304 

organisms  resembling,  305 
Koch-Weeks,  305 
lactis  acrogenes,  245,  251 
leprte,  284 
mallei,  288 
neapolitanus,  263 
o'dematis  malign i,  290 
of  bubonic  plague,  306 
of  Ducrey  and  Unna.  314 
of  dysentery,  265,  585 
of  malignant  edema,  290 
of  syphilis,  308 
of  tetanus,  295 
of  tuberculosis,  270 

culture  of,  271 

demonstration   of,  272 

distribution  of,  273 

in  urine,  (>b9 

modes  of  infection  by,  273 

toxic  properties  of,  2H2 
of  Vincent's  angina,  255 
oz(ena.*.  251 

])hlegmones  emphysematosa,  294 
pneumoniH>  of  Friedlander.  251 
proteus  in  urine,  689 

vulgaris,  321 
pyocyaneus,  245 
pyogenes  fcetidus,  245,  263 
rhinoscleromatis,  251 
smegma-,  281 
typhi  abdtmiinalis,  257 
cultivation  of,  257 
distribution  of.  259 
{lathogenicity  of,  259 
Bacteria,  212 
anaerobic,  cultivation  of,  9.34 

by  absorjitiiin  of  oxygen,  934 
])y  exclusion  of  oxygen.  934 
in  fluid  media,  iKi5 
in  presence  of  hydrogen.  935 
with  solid  media.  \YM 

exhaustion  of  air  in  cultivation  of.itTto 

growth  of.  nnder  paraffin.  935 
biology  of.  216 
cell-c«»ntents  <»f.  214 
c(?ll -membrane  of,  215 
chemistry  of.  216 
cla>>iflcation  of.  212 
conditions  of  growth  of,  216 
(•cmtrast  stains  for,  928 
deflnition  of.  212 
diseases  due  to,  239 

classi flea t  ion  of,  .32 
effect  of  toxic  products  of.  223 
embolism  ]\v.  T^\ 
entrame  of,  into  the  body,  32 
functions  and  products  of,  217 
in  l)lotKl  in  thnmibosis.  60 
in  circulating  bloo<l,  determiuatitm  of, 
9:5.3 
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Bacteria  in  etitilogy  of  disf*ase,  31 

Bladder,  chaujres  of  position  of,  678 

^H 

in  urine,  6H!+ 

circulatory  disturbnucea  of,  (f7« 

^^^H 

Uolntiiin  ainl  identifier  do  u  of,  ll,T2 

cysts  of,  \iH\ 

^^^H 

liMJul  cftVcts  of,  ±»-i 

dilatatioti  of,  (377 

^^^H 

luorpliology  of.  *2H 

exiitrophy  of,  'i77 

^^^H 

of  kichuy,  fiT^J 

Hbro-ailenoma  of,  4184 

^^^^1 

of  j*np|iiinitiuu,  eutrauce  of,  intu  body. 

fibroma  of,  mi 

^^^H 

IIU 

hemorrhages  of,  b79 

^^^H 

in  HupiHimtiVQ  iDftHmmatiau,  \l^ 

hyperemia  cjf,  iuH 

^^^1 

spurtrs  of,  214 

inUamtimtiou  of,  rt79.    See  C^stitu. 

^^^B 

stain  injc  f>f*  M'27 

malformations  of,  hTT 

^1 

in  tiiwnti,  931 

myoma  of,  fi?^4 

^^^H 

^Uion's  method,  931 

myxoma  of,  mi 

^^^1 

ymui-WLngprt  method,  fOl 

papilloma  of,  683 

^^^H 

toxir  produi"t.4  of,  effutit  of,  tJS'J 

f>olyiK)id  Ki"owth8  of,  683 

^^^H 

puisoniiiK  by,  21* 

rupture  of,  b7» 

^^^H 

IWrterJwrine,  :*13 

sypbiliric  ulcers  of,  681 

^^^H 

BsM'ti-'iitit  ii^^lutioation  theory  of  immu- 

tuberruloais of,  681 

^^^^ 

nity,  228 

tumorn  of,  6S3 

^^^^H 

BactLTiolopic  exam  in  at  ion  a,  927 

Bliu*t«mycete,H  iu  cauiudoii  of  cancer. 

140        ^^ 

by  cover-glass  iircimnitious,  927 

"  BleederB,"  .'kj 

^1 

by  (uiltnre.  **:U 

BiiHid,  anatomy  of,  366 

^^^^ 

ttH-hnitjue,  923 

biwteria  in,  determinatiuu  of,  93^1 

^^^^ 

culture-media,  923 

in  throuibosis,  *jO 

^^^H 

preimration  of  |(lass  tul">es,  J?23 

changes  in  clia racier  of,   ell'eci  of, 

on        ^^H 

Ba<!teriolysin  of  Buuhni^r.  2^40 

circulation,  49 

H 

Ba^itPriolyUc  theory  of  immunity,  227 

culturt?,  933 

H 

Bai'terinm,213 

de*;rcase  of  qnautity  of,  efiVM*t  of, 

■ 

ooli  cotummie,  263 

drcnlation,  49 

^^^H 

tt-rmo  ill  urine,  W^ 

disejises  of,  33«> 

^^^H 

Bacterioria,  \\m 

fixation  of,  918 

^^^^1 

Baliinitis,  740 

foreign  bodies  in,  395 

^^^H 

Balatitidiiim,  3;i7 

fresh,  examinaliou  of,  918 

^^^H 

miuiitym,  337 

in  ehlorosiii,  387 

^^^^1 

Ball  thrombi,  H>.  121 

in  leukemia,  3t>2 

^^^B 

BaiJti'«  rli^eHsu.  101 

ill  pro#?rc8sivc  i>eruicious  anemia. 

389               ■ 

Biisie  stain,  definition  of,  369  [note). 

increase   of  quantity  of.   effect  of. 

H 

Biwojdiile^.  3*>H                                                   ! 

circulation,  -19 

■ 

Bednar"saphthK3,  .'U3 

methodia  of  exannning,  918 

H 

Be«?f  tjifM^worui,  :U4 

ptirasitcis  of,  395 

H 

BeK^atoaiii^e.  214 

patholuKJc  chaiigea  in,  375 

H 

Bt!r>?amot  fur  cieantig  »p^mena,  flOf> 

staining  of,  919 

H 

Beridieri,  3-21 

ewin   ami    bematoxylin    method 

of,               ■ 

B«la-oxybiityrii^    iicid.   excessive  fomm- 

919 

^^^B 

tion  of.  in  Iwjdy,  37,  43 

Jenner's  method  of.  il20 

^^^H 

Bichlorid  of  men  iiry,  powouin^  by,  28 

Wri^dit  .s  melhiKl,  919 

^^^H 

Bih\  pifimeiitaHons  derived  from,  9.t 

Bl  owl  -aKH  r ,  p  re  pa  ra  t  i  o  u  o  f ,  926 

^^^H 

BiBiaritia.  3H2 

Blood -caiits.  a^9 

t^^^^H 

Birbarziii.si!4,  Ml 

Blood -corpuscles,  red,  :566 

Biliary  cirrhosw  of  liver,  609 

alterations  of  isotonic! ty  of.  374 

dllCtH,  «17 

ameboid  movemetits  of,  373 

dilrttatirin  of,  dI8 

basic  degeneration  of,  ^^4 

infiammatinn  of,  617.    See  Ch^i^ngtUt. 

formation  of,  .'{71 

rtteno^^is  of,  <Urt 

nucleated,  373 

tomorH  of,  (J20 

patholoKic  change*  iu,  372 

Biliruhininfanns  in   urinary  tubules,  95 

pigmentation  of,  .'174 

in  urine,  «J*2 

ring  bo<lii*s  in,  374 

pijfmentation  by,  95 

shape  of,  373 

Biliverdin  pigmentation,  95 

size  fif,  372 

Bilo<'ular  heart,  417 

vacuolation  of.  374 

Biolo^cy  of  bacteria,  214> 

white,  366-     See  abo  Lnikm^ttm, 

Biondi'Heidenhain  stam, 909 

Blood  crisis,  373 

Bis  mark 'brown,  907 

Bloml-irurrent,  alterations  iu,  as  cause 

of 

L                Black-toUfcue,  545 

thrombosis.  6t) 

■               Bladder,  ri77 

BloiKl'destruetion,  102 

M                 calculi  of,  fi81 

BhKjddbrniation,  371 

\r' 

Blood-planucs,  366,  371 

J 
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Blood-pliiHUia,  371 
Blood-poitious,  29 

Blood -preHHu  re,  iucrease  of,  hemorrhage 
from,  54 

increased,  edema  and,  65 
Blood-Merum,  liquid,  preparation  of,  925 

solid,  preparation  of,  926 
Blood-vessels,    diseases    of,  .hemorrhage 
from,  54 

obstruction   of,    multiide-capillary  ec- 
chymosis  from,  51 
Bodo  urinurius,  327 
B<me.  anatomy  of,  761 

and  curtilage,  regeneration  of,  132 

angioma  of,  777 

atrophy  of,  771 

carcinoma  of,  778 

caries  of,  772 

cysts  of,  778 

development  of,  762 

diseases  of,  761 

disorders  of,  development  of,  762 

fibroma  of,  <  <7 

giant  growth  of,  766 

hemorrhage  of,  767 

hypt^remiii  of,  767 

hyjuTtrophy  of,  766 

hypoplasia  of.  771 

indanimation  of.  767 

lepra  of,  777 

lilMmia  of,  777 

myxoma  of,  777 

necrosis  of,  772 

pamsites  of,  778 

regcnenition  of,  764 

sarcoma  of,  777 

syphilis  of,  776 

thrombosis  of.  767 

tulHTCulosis  <)f,  774 

tumors  of,  777 
Bone-marrow.  413 

atroj»hy  of,  413 

fatty  intiltration  of,  413 

hypcrtro|»hy  of.  413 

in  infectious.  414 

inflannuiition  of,  414 

mucoid  d»'gcnenition  of.  413 

piguicutatioii  of,  413 
Bora x-<a run u,  JM^Ki 
BothrioiTphalus  Mnnsoui,  .'i50 
Bouillon,  ])n'j»amtion  of.  924 
Bovine  tuluTcle  bacillus.  271 
Bow-lc;rs.  779 
3-oxy])utyric    suid.   cxj'cssive   formation 

of,  in  IkhIv,  37,  43 
Brain,  abscess  of,  h-10 

actiuouiycosis  of,  tt47 

anatomy  of.  S()<j 

aneuiin  of.  ^29 

artcrii'S  of,  h26.     S<.*e  Arteries  of  brain. 

carcinoma  of.  ^49 

cin'ulatory  disturbances  of,  M2h 

(congenital  abnormalities  of,  HIO 

degenemtion  of,  after  hemorrhage,  834 

develo]unont  of,  804 

diseases  of.  79.3 

i'dcma  <»f.  KJO 


Brain,  edema  of,  local,  831 

embolism  of,  835 

examination  of,  809 

fibroma  of,  849 

glioma  of,  847 

gummata  of,  846 

hyperemia  of.  829 

inflammation  of,  837.    Seo  also  Eitceph- 
alitis. 

injury  to,  828 

lacerated  wounds  of,  845 

lymphangioma  of,  849 

method  of  hardening,  for  examination. 
801> 

multiiile  sclerosis  of,  843 

osteoma  of,  849 

physiology  of,  804.  808 

post-mortem    degenerative    conditions 
of,  813 

primary  vesicles  of.  804 

psammoma  of,  849 

punctate  wounds  of,  845 

red  softening  of,  836 

sarcoma  of,  848 

sclerosis  of,  atrophic,  823 
diffuse,  822 
disseminated,  823 
hypertrophic,  b24 
lobar,  843 

syphilis  of,  846 

thrombosis  of,  835 

t<>tal  absence  of,  812 

tubercul<»sis  of,  H46 

tumors  of,  847 

white  softening  of,  836 

yellow  softening  of,  836 
Brain -sand,  MK) 
Bread-and-butt«ir  pleurisy,  .536 
Brt'ast.     See  Mammary  glaud. 

male,  abnormal  development  of,  755 
Bright's  diseasi»,  aciite,  650 
Broken  chromosomes,  10() 
Brouiiu.  poisoning  by,  26 
Bronchi,  anatomic  considerations,  4.*<1 

anemia  of,  \f<\ 

congenital  malformations  of,  481 

dilatation  of.  4h4 

foreign  ImkIics  in.  485 

hemorrhages  of.  481 

hyin-*renna  of.  4>*1 

intlamniation^  of,  481 

parasites  of.  4j<» 

sten<isis  an<l  olistruction  of,  484 

syphilis  of.  4^5 

tulMTcuhisis  <»f,  4K3 

tumors  of.  \>'y 

ulcers  of.  4^\ 
Bronchicrtasis.  484 

atelrctatic,  41M> 

cylindrical.  4^5 

fusiform.  4K'> 

saccular.  IK'» 
Bron(;hiolitis,  .'lO.*! 

exudativa,  4S4 
Bronchitis.  481 

acute  catarrhal,  482 

capillary.  505 
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a^^^W 

Broochitii^^  tliruiiiL'  r^itarrhsil,  4Kt 

Callus,  pcriitsicaK  7(i5 

1 

frtid,  4S-2 

Qiloiiifd^  [MUHotiiiiK  by,  28 

^1 

fliiriiiuaji,  483 

*  aiirtda  bsilsaio  for  muuuting  specimens,               ^ 

Bnriit-Iiogtiiie  piieumonm,  t'omplicivliuus 

IKHI 

.^M 

ill,   r,2:i 

t'analiaitiun  of  a  tbromhus,  i'A 

^^^H 

piiriiUnt  iHU'iiuuMiia.  512 

Cancer,  li>i.     S^ec  ttucinomn. 

^^^H 

tuberciil*i?iif»  of  lungs  •''»1'> 

cirrhottr,  of  liver,  613 

^^^H 

Br"iicbo|tneumonia,  ciiUkrrbjil,  50*2 

colliiid,    >iH 

^H 

i'tiiiio|?y  of,  502 

iViiWinic  ht'|jatif,  6Lj 

^^^^H 

HutlKi^'i'Tici^irt  of.  5<r» 

eiidoth*diiil,  17rt 

^^^^M 

|jutholo^in  pliyHuduiry  of,  50:J 

of  stomach,  5i:0 

^^^^M 

l»MMnh4riUir  forui  «t',  5<>5 

tit  a  ins  for.  1113 

^^^^H 

simple.  fi^KS 

Ckiitharidiu,  [KiisoJiin;^  by,  26 

^^^^1 

Brojichorrliejk,  4H2 

Capillary  hroni  hitis,  305 

^^^^^M 

BrotKl   aipHiiJes   in    et'liiinMocni!*    cysts, 

heumrrhaKC  53 

^^^H 

M7,  :UH 

tiiittule  of  bac thrill,  215 

^^ 

Bnjwri  atrophy,  U9 

stain inff  of,  m*J 

^1 

iif  iH^art.  1 1!2 

CarbobydratcH,   disposition    wf. 

by    tbo                ■ 

iutliimtiuii  fruin  hvpeTemia,  'j1 

bixly,  10 

^^^H 

Biilw,  107 

valu«  of,  ill  iiutritiiin,  :i;i 

^^^^H 

syphilitic,  rill 

CarbidattHl  thionin,  imt) 

^^^H 

HiilKmic  pliigiJo.  30(5 

L'^trbolie  acid,  |ioiw>iiinK  by,  26 

^^^H 

hueillustjf,  :J«>fj 

Carbol'xylol  f«tr  chariuif  specimens,  $Mi0                "■ 

IlnrhiuT'!*  hiuik-riulyshi,  23ti 

Utrbonatc*i  in  nnni\  rU^J 

H 

tU4*thod  fur  niltivating  aiiaerubit!  h»i> 

raiboiiic  acid  iii  blotxl,  t-flcct  of, 

■ 

term,  im 

(?a«,  poisKoiu^  by.  30 

H 

Hullniis  emphywina  of  Itin^rs.  -I!*.'! 

Carbon -monoxid  ]waHcmin«,  2JJ 

^M 

Bur^t%  iiiHatnmatiipri  i>f,  7B5 

Cnrbuncle,  12-> 

^M 

Bursitis,  j<iH 

Oircimmia,  lJt2 
umebje  in,  HO 

■ 

Cacbhctic  leukocytosis.  381 

annebii  mchc^iiti  in,  140 

H 

(^hexiii  strutnipriva.  *ilO 

app**iir;iiict*  of.  lOr. 

B 

rstlnin'ou-s  boilif-s  in  c'tirt*j%  of  kitlut*yj»*Ui 

bl;i>taoiycer^»s  in  raiisitiiin  of. 

Uf)                       ■ 

inrtltratiou  of  artvru>,  4.'iJ 

ciH^'ciiHu  ill.  \W 

^^^M 

of  spiuiil  pitt,  Wi'i 

detinition  of,  lir2 

^^^^1 

inliltratious,     miuiitP,    Si'hiijt'uinnw's 

degenerative  chauKeii  iu,  199 

^^^^M 

im'thod  of  dfiiunjstratiiiL'r  902 

t^tioloKy  iif,  103 

^^^^M 

t i s>*u IS .  11  u" t h ♦  Mi  it ^ r  d t'ca  1  r i I y i ii •;,  \n\ I 

gland  nUir,  ^03 

^^^^M 

(!uh/iro-si>i,  Jil 

l^rc^firinida'  in,  110 

^^^^H 

Calcification,  Ks 

iindiilhiry.  21*3 

^^^^1 

dittcreritiation  of,  from  ossifimtioii,  Mi; 

nature  of,  2(MI 

^^^^M 

m 

of  Id  adder.  t»H4 

^^^^M 

eticiluj^y  cd*  KS 

fpf  iHunv  77.^ 

^^^H 

of  ehuroid  plexit.^,  'CjI 

of  diim  niattr.  795 

^^^^H 

of  kiduty.  ma 

of  esoi>hagns,  55J> 

^^^^M 

of  lymphatic  iilaiuU.  4Ml 

of  l-allopiaii  tnUes.  720 

^^^^M 

of  miicr>^i  of  stomach,  567 

*>f  inteiitiut  H,  503 

^^^H 

of  musc]t*>,  701 

f*r  kidney,  670 

^H 

of  sphicu,  40i 

of  larj  nx,  479 

^^^M 

of  testicle,  74:i 

i»f  liver,  613 

^^^H 

of  thrombus,  «1 

of  luiipH,  532 

^^^H 

i>f  veins,  liiH 

of  lymphatic  plands.  412 

^^^H 

puthologic  analitmy  of,  88 

of  niannmiry  ijland,  759 

^^^H 

physiulogy  of,  J)6 

of  mouth,  548 

^^^H 

Hcats  of.  Nil 

Mf  mnccle,  793 

'^1 

(*jilcium  Sitlts,  poiaouiiig  by,  30 

id  ovary,  722 

^^^H 

i  alcuJi  ill  bhidder,  578 

of  pancreas,  fi25 

^^^H 

mulberry.  GH'* 

of  penis.  741 

^^^H 

M                    l«tucr<*atic,  627 

id'  f>eritonenm,  634 

^^^^1 

■                  phospbntic,  682 

*»f  prostut^^  754 

^^^^M 

■                   renaU  B74 

of  Hpiiml  iiinl.  889 

^^^^M 

■                   uric-acid,  mi 

*»f  *ipliM?o,  403 

^^^^H 

■                   i»rir*ary.  fi^l 

of  ^toiiiiw  h.  H56ft 

^^^^M 

B              ra!culu*i  in  pelvis  of  kidneT.  674 

of  siipnirenal  bodies,  tlii 

^^^^H 

■              (>illo^wfi5 

of  trHticle.  748 

^^^H 

^^^           iutt^rmcfliary,  766 

fif  thyroid  gland,  610 

^^^^M 

^^K          inyelo^enouH,  765 

of  tiretbra,  6117 

J 
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Carcinoma  of  uterus,  713 

of  vagina,  7^^ 

of  vulva.  740 

parasitic  theory  of.  1.'^ 

pathologic  physiology  of,  200 

scirrhous,  1X>3 

seats  of,  196 

secondary,  614 

simple,  203 

structure  of,  196 

theories  as  to  causes  of.  193 

varieties  of,  201 
Carciuomatosis,  gcuf>ral,  lf)6 
Carcinomatous  cylindroma.  205 
Cardioliths,  64 
Caries  of  bone.  77"^ 

of  teeth,  549 
Caruification  of  lung-tissue,  4fMi 
C\irtilage  and  bone,  regeneration  of,  132 
Caseation,  1(K) 

of  testicle.  743 
C^sts,  blo<Ml-,  660 

cellular,  (MiO 

crystalline,  660 

fatty,  661 

granular,  660 

hyaline,  660 

in  urine  in  nephritis,  659 

leukocytic.  660 

waxy,  660 
Catarrh,  acute  nasal,  474 

mucopurulent,  123 
Catarrhal  appendicitis,  582 

bronchopneumonia,  502.    See  Broticho- 
pneumonia. 

dysentery,  585 

enteritis,  579 

esophagi  tis,  557 

jaundice,  620 

pharyngitis,  5.50 

pneumonia.  502 
bacteria  of.  251 

stomatitis,  542 

tonsillitis,  552 
Caustic  amniuniH.  poisoning  by,  26 

IM>tash,  poisoning  by.  2*) 

wKla,  poisoning  by.  26 
Cau.sti<'s.  action  of,  26 
Cavpriionm.  159 
Cavenioma  lyniphaticum.  159 
CavtTUous  b(Mlios  of  penis.  inflammati(»n 

of.  711 
Cavities,  tubfrculous,  521 
C<*citis.  5^<1 

Cecum,  iiiflaniniation  of,  o**! 
Cedar  oil  for  <'learing  spe<"iniens,  909 
Cell-contents  of  bacteria,  213 
Cell-division,  abnormal.  10.5,  129 
(Vll-niembmne  of  )>acteria,  215 
Cell-multiplication.  129 
(Vll-nu<]ei,  degenerations  of,  105 

in  ntM.rosis,  alterations  in,  105 
C<ll()idin  blocks,  cutting  of  904 
serial  sections  of,  904 

method  of  embedding,  904 
Cells,  auoplastic.  137 

division,  direct,  129  • 


Cells,  edema  of.  87 

epithelial,  metaplasia  of,  134 

fibro-blastic,  114 

in  necrosis,  alterations  in  form  oC  lOS 

necrotic,  altered  karyokinesu  iiL.  lOti 

parenchymatous,  proliferative  eh 
in.  116 

plasma-,  113 
Cellular  and  attraction  theory  of  i 
mation.  107 

casts,  660 

degenerations,  secondary.  116 

necrosis,  etiology  of,  104 
general  pathology  of.  104 
Central  nervous  system,  ii^jorics  oC  &*i5 
Cephalohematoma,  767 

internal,  793 
Cercomonas  coli  hominis,  327 

hominis,  327 

urinarius,  327 
Cerebellum,  anatomy  of.  807 

hypoplasia  of,  812 
Cerebral  arteries,   826.    See  Arierie*  •/ 
6ratN. 

hemispheres,  hypoplasia  of.  HH 

hemorrhage.  831 
degeneration  after,  834 
massive.  831 
punctate.  831 

vesicles,  primary.  8(V4 
Cerebrospinal  fluid,  850 
diseases  of.  851 
hypersecretion  of,  851 

meningitis,  epidemic,  799 
(Vrvix  uteri,  chronic  endometritis  of.  706 
hypertrophy  of,  710 
phagedenic  ulceration  of.  706 
sarcoma  of.  713 
Cestodes,  340 

adult  state,  340 

biology,  340 

larvafstate,  340 

pathologic  j)hysiology.  342 
Chalicosis.  511 
Chancre.  310.  312 

soft.  314 
Chancroid,  314 

of  vulva,  7:^9 
("harcot-Neumann  crystals  of  blood,  35*3 
Cheesy  pneumonia.  507 
Chemical  conditions,  effect  of.  on  growth 

of  bac'tcria,  217 
Cliemotaxis,  negative.  111 

IM)sitive,  111 
Chicken-pox,  animal  parasite  of,  340 
Chilblain,  22 

( 'hlamydobacteriacefe,  213 
Chlorin.  poiscming  by.  26 
Chloroform.  ]N)isoning  by.  3L> 
Chloroma.  177,  778 
Chlorosis.  31*6 
(.'holangitis.  617 

chnmic,  617 

i-esults  of,  618 

suppurative,  617 
Cholecystitis,  618 
Cholelithiasis,  619 
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Cholera,  266.  586 

\  Cirrhosis,  atrophic,  (\0B                                        ^^^1 

bftcillun  of,  2m.    See  SpitiUum  cholerse 

biliary,  tmt                                                         ^^H 

Aifiaiks;. 

hypin-trophir,  aiH                                              ^^^| 

cert'omouaa  huminis  iu,  327 

Ltv4rnnee'2»  tiOfi                                                 ^^^H 

etiology  of,  :*66 

of  liver,  m5                                                       ^^H 

patholu^ic  pkyaiology  of,  2tJ8 

of  pancreius,  624                                                   ^^^| 

apirillutii,   t^66.     See    .-^pintlum  ehotertt 

Cirrhidic  camber  of  liver,  613                              ^^^H 

A*iaticm. 

Cimoid  iineuryHm,  4B3                                           ^^^H 

Choler»»e,  1>>9 

(  laddthrict.^,  :nXi                                                ^^^H 

Cl^olcBteatfJina,  "ill 

Cladothrix.  213                                                      ^^H 

of  piaaorl  Hnitlinoid,  8(J3 

Clap-threMa,  Wti                                                   ^^B 

Chulesterin,  fxandiiatiuii  of,  912 

Claustmin,  807                                                      ^^M 

iu  fatty  degcuAratioii.  7<> 

Cleft  ]ialate,  541                                                   ^^Hi 

iaflitratmn.  73 

Clitori!<i,  elephantiasis  of,  733                              ^^H 

ill  uririti,  65*2 

Cloudy  swilling,  70                                              ^^H 

fholtiria,  BHfi 

detinitioii  of.  7U                                                 ^^^H 

Choudroi^ardiioiiiH  of  testicle,  749 

etiolof/y  of,  70                                                  ^^H 

t'honclroma,  1"*.'! 

of  heart,  43^)                                                     ^^H 

jippearantc  <if,  ir>| 

of  kidnrv.  fJM                                                  ^^H' 

defliiition  of,  15:1 

ofli\vr,  6f>l                                                       ^^1 

eliology  ijf,  154 

pnthologi€  uimtoniy  of^  71                            ^^^H 

iiatun^  of.  156 

phy Biology  of,  71                                          ^^^H 

of  lung,  r^m 

seats  of.                                                         ^^M 

of  mammary  glaud,  7S9 

ClabbiuK  of  finger-t^ndi^,  419                               ^^^M 

uf  motUh,  548 

Coagulating  ferments.  219                                 ^^^1 

*tf  mu sell's,  7^2 

Oongulatloti-neirosia,  98                                      ^^^| 

of  ovary,  719 

delinition  of,  98                                                  ^^^H 

of  pleiini,  539 

etiology  of,  98                                                      ^^^H 

of  testirk\  749 

morbid  phyi;iology  of,  99                                ^^^H 

BMtS  of,  54 

of  muscle,  791                                                   ^^^B 

struetare  of,  155 

pathologic  unat4>iny  of,  98                               ^^^| 

Chorion,  7X1 

Coal-dust  p]|!nicnLation,  91                                 ^^^H 

t^llioroid  idexuH,  850 

(.<ml-tar  derivativeH,  poisoning  by,  30              ^^^1 

amyloid  degeiio ration  of»  852 

GjerCaceie,  213                                                           ^^^H 

calcification  of,  851 

Coccidia  in  cancer,  140                                                  ^M 

cy«ts  of,  852 

Coccidium  bigeminumj  336                                   ^^^H 

eudothfdiomata  of,   852 

cuuiculi,  335                                                     ^^^| 

epilhtdiornfttii  of,  H52 

homlnis,  336                                                     ^^H 

flhroiua  of,  852 

ovi forme,  335                                                     ^^^M 

hciuorrhaci*  into.  851 

perfomns,  336                                                   ^^^^H 

iiidaiuiuati<iii  <»f.  851 

Coccus,  212                                                          *^^^H 

piv^i  null  tat  ion  of,  852 

Coffee- jrround  vomit,  561                                               ^M 

tuberculosis  of,  851 

Cohnbeim%i  theory  as  to  origin  of  mrci-                 H 

tumorH  of,  a^t? 

noma,  193                                                           H 

Chroniutcrt  for  lixiiijLr  juul  hardening,  899 

of  tuniurs,  13a                                                         ■ 

Ch  roni  a  t  ol  y  s  i  s,  1  id 

Cold  abscess  of  joints,  784                                     ^^^B 

Chromato|dioronia,  174 

in  etiolo^'  of  disease^  22                                  J^^^| 

Chromic  JK-id  fur  ^xhig  and  hardening, 

Colitis,  584                                                            ^^H 

nmi 

niueouK.  584                                                      ^^^H 

for  testing,  HiJ7 

Collateral  anemia,  52                                              ^^^H 

Ciinimogciicais,  222 

hyperemia,  51                                                     ^^^H 

Chromoparic  bactt^ria,  222 

of  lungs,  487                                                         V 

Chroiimphilic  bo<lics  of  nerve-cell*  910 

Colloid  cancer,  204                                                      ^ 

Chromophorie  hacti^ria,  225 

ofstxtmach,  572                                                ^^^H 

ChroiiiOHome^,  ItMl 

cy stoma ta  of  ovaries,  719                                   ^^^H 

i»rok*  11.  HWy 

degeneration,  85.    8ee  Dfgmrratwn,               ^^^H 

Cliyliform  u-s*  itcs,  628 

of  arteries  of  brain,  827                                  ^^H 

ChylouH  ascitcH.  ft2H 

of  pituitary  body.  B58                                    ^^H 

hydropericardiuni,  448 

goiter,  t>:^                                                          ^^H 

Chjluiio,  159,  (Mi 

Colon  bacilli  aud  typhoid  bacilli,  differ-          ^^H 

Cicatrices  fistulens«,  523 

entiation.  257                                            ^^^H 

Ciliata,  :125 

inflammation  of,  584                                           ^^^H 

CiTcolntion  of  hlood,  disturbances  of,  48 

(>>Ipitis,  732                                                            ^^H 

CirculahirT  dislnrhances.  397 

Comhliif^d  ^-k' rosin  of  spinal  cord,  885               ^^^H 

phetionicoa,  post-mortt-m,  10(> 

(^imma-btirillus,  2fMi                                              ^^^H 

system,  diHeuisc*  of,  410 

Comminuted  fracture.  744                                   ^^^H 

Circumscribed  tumors,  143 

Commissural  flbers  of  brain,  806                        ^^^H 

60 
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Compound  fmcture,  746 

granule-cell,  662 
Concentric  hypertrophy  of  heart,  444 
Concretions  beneath  prepuce,  742 

in  prostate,  751 

in  seminal  vesicles,  755 

in  uriniferous  tubules,  668 
Concussion  of  central  nervous  system,  845 
Condensing  ostitis,  770 
Condyloma  acuminatum  of  penis,  741 

latum.  311,  313 
Congenital  cyanosis,  418 

cystic  hygroma,  159 

rickets.  764 

syphilis,  313 

theory  of  carcinoma,  193 
Congestion,  hypostatic,  48 
Conglutination  of  blood- plaques,  61 
Connective-tissue  stain,  Mai  lory's  anilin 

blue,  908 
Contagious  disease,  definition  of,  32 
Contagium  vivum,  31 
Coolie  itch,  354 
Cor  bovinum,  444 

villosum,  449 
Cord,  spinal.     See  Spinal  cord. 

umbilical.    Sec  Umbilical  cord. 
Comutin,  28 
Coronary  artery,  embolism  of,  421 

thrombosis  of,  421 
Corpora  amylacea,  78 
examination  of.  913 

quadrigcmina,  807 
Corpus  callosam,  congenital  absence  of, 
811 

fibrosum,  718 

lutenm,  718 
Corpuscles  of  Hassall,  415 
Corrosive  chlorid  of  mercury,  poisoning 
by,  28 

poisons,  26 
Coryza,  474 

Coty logon imus  heterophyes,  364 
Cover-glass  preparations,  927 
Cowper's  glands,  754 
Cranioschisis,  810 
Craniotabes,  763 
Crenothrix.  213 
Cretinism,  641 
C'roton  oil,  poisoning  by,  26 
Croupous  enteritis,  580 

laryngitis,  47.*i 

pneumonia.  248,  497.     See  also  Pneu- 
monia. 
Crura  cerebri,  807 
(Vusta.  807 

Cryptogenic  acid-intoxication,  36 
Cryptorchisnius,  742 
CYystalline  casts,  (WK) 
Culture,  examination  of.  931 

stroke  on  agar  plates,  932 
Cnlture-niedia,  923 

liquid,  preparation  of,  924 

preservation  of,  927 

solid,  preparation  of,  925 

standardization  of.  923 

sterilization  of,  924 


Culture-media,  stormge  of,  924 

Currant-jelly  clots,  420 

Curschmann's  spiral,  484 

Cutaneous  absorption,  pismentrntion  br 

92 
Cyanogen-poisoning,  3D 
Cyanosis,  51 

congenital,  418 
Cyanotic  induration  of  liver,  507 
of  lungs,  489 
of  spleen,  397 
Cyclastcrion  scarlatinale,  318,  340 
Qrclencephaly,  811 
Cylindrical  aneurysm,  4^ 

bronchiectasis,  487 

cancer  of  stomach,  572 

epithelioma,  202 
Cylindro-adenoma,  192 
Cylindroids,  661 
Cylindroma,  173,  180,  192 

carcinomatous,  205 
Cyst-adenoma,  192 

of  liver,  615 
Cysticerci,  341 

racemose,  343 
C^rsticercus  cellulosse,  616 
Cystinuria,  687,  692 
Cystitis,  679 

mucopurulent,  680 

phlegmonous,  680 

pseudomembranous,  680 
C>'sto-adenoma  of  ovarie^i,  719 
Cystocele,  700 

vaginal.  731 
Cystoids,  207 

Cystoma  of  ovary,  colloid,  719 
glandular,  719 
myxoid,  719 
papillary,  720 
Cystomata.    Same  as  Epithelial  cptts  208 
Cysts.  207 

classification  of,  207 

daughter.  348 

dermoid.  210 

due  to  foreign  bodies,  208 

e<hinococcus,  347 
distribution,  349 
seats  of,  349 

epithelial.  2CW 

grand-daughter,  348 

of  alveolar  processes  of  jaw,  549 

of  bladder,  <)S4 

of  bone.  778 

of  choroid  plexus,  852 

of  duni.  795 

of  Fallopian  tube,  729 

of  kidney,  671 

of  Kobelt.  723 

of  liver.  594 

of  lungs,  ,'>.33 

of  mammary  gland,  761 

of  mouth,  548 

of  j)ancreas.  626 

of  parovarium,  722 

of  |>enis,  741 

of  pituitary  body,  859 

of  prostate,  754 
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Cysts  of  Kcrotum,  741 

of  spinal  cordj  8dB 

of  Jipletiu,  4a3 

of  testicb.  749 

of  arethni,  697 

of  uterus,  716 

of  vug  1 11  a,  TiJ3 

of  valva,  740 

proliferation-,  208 

retention-,  i^HT 

a<jfteniiig,  208 

apore,  1^9 

tu bo-ovarian,  729 
Cytolyain,  239 

Cytoplasmic  cycle  of  variola,  339 
C^toryctt^  variolii?  sf u  vaociuw,  338 

D.vuoHTER  cyHt«,  :t4S 
l)aught*?r-stur9.   129 
Davaioea  ISLadAga^^arienslfl*  346 
Decalcification.  9tM) 

fluidH  for,  JXH 
Dircalcifying  flu  ids,  901 
I>e«idua,  7:i3 
hemnrrhagB  froin,  735 
hyporpliisitt  of,  736 
inflAtiimalioii  of,  735 
reflt'XH,  734 
aerotiim,  734 
vera,  733 
Ut?gDnemtion,  amyloid,  78 
dei^intkiri  of,  7H 
etiology  of,  7H 
lijcul  fiirmtttious  of,  78 
miero»t'opie  npii^amnces  ot  79 
of  arf-brics,  4i>l 
of  heart,  431 
of  in  test  i  lies,  577 
of  kidiiry,  tkiti 
of  liver,  i303 
of  miisfles,  790 
of  paiicreaH,  &i2 
of  pituitary  body,  858 
of  Kpleeu,  401 

of  submucoaB  of  Ktomaoh,  567 
of  supra  renal  btidies,  S12 
of  uteruH.  710 
patbologii:  anatomy  of,  78 

physiology  of.  80 
reactions  for,  TU 
■eatii  of.  79 
bwic,  374 

oellular,  secondary »  116 
colloid,  8n 

definition  of,  85 
etiology  of,  85 

of  arterieK  of  the  V>rAin.  827 
of  pitnitary  Iwdy,  858 
pathol«)gi€  anat'Omy  of,  85 
pliyjiiology  of,  8ti 
deinod,  70 
Iktty.  74 
deflnition  of,  74 
etiology  of.  74 

microsM'iipiL'  appearanoee  <>f|  76 
of  a  rubrics,  45^ 
of  gutric  glaudfl,  566 


Dcge [deration,  fatty,  of  heart,  432 

of  kidney,  BttS 

of  liver/601^ 

of  nitiarle^^  791 

of  [>nj«itHtv,  751 

(if  Mupm renal  bodies,  M2 

of  tt-sticle,  743 

of  ut«^rus,  710 

of  veins,  4B8 

(uithaloglc  anatomy  of,  75 
pbj'siuliigy  of,  75 

Strata  of,  7(i 
by ii line,  m 

deiioitLon  of,  80 

etiology  of.  Hi 

of  arterites,  454 
of  braiii,  826 

of  heart,  431 

of  mwf*clt*ji,  791 

patliologie  iiiialomy  of,  81 
physiology  4if,  H3 

hew  Is  of,  82 
mucoid,  83 

definition  of,  83 

etiology  of^  HTJ 

microseopie  appeiiratieea  of,  84 

pathologic  anatomy,  84 
jibysiology  of,  85 

seiihi  of,  85 
myxoma  tons,  of    mammary  gland^  757 

of  testicle,  743 
parenchymatous,  70 

of  heAft,  431 

of  kidney,  664 

of  li%-er,  «01 

of  mu«cles,  8f*tJ 

of  iianereiui,  022 
[>egone  ratio  Dti,  70 
of    rcMl  corpuacles,   demonatration 

m\ 

ENsglli  tit  ion -pneumonia,  503 
Delafield'a  b^^mjitoxylin.  90ii 
Delta-granules,  3fi9 
l>eudritic  tumors,  144 
L>eneck*\  spirillum    tyrogeniciiin  of,  269 
Dental  osteoma,  15H 
r)crmatorayo*iitis,  788 
r>«*rmoid  eynts,  210 

of  choroid  plexns,  852 
of  ovary.  721 
of  testicle.  7'j*i 
Dpstnietive  udenoina,  190 
Otitenuining  cnuaes  of  disease,  19 
Dextrinurin,  *iH5 
DextriM'ardia.  417 
*-granMles,  36J» 
Diab"  te  bronsse,  43,  93 
Diabete*.  41 

etiology  of.  42 

from  puncture  of  medulla,  42 

metubolisni  in,  43 

pathngc*ni.*<*iH  of,  42 

pat  hohtgic  anatomy  of,  43 

l>hospbaticnw,  14 
Diacetic  im  id,  excessive  fomuition  of,  in 

body,  37,  43 
DiAC«tnri».  686 


I 


Ik 


^               MS                                                   INDEX                                                          ^1 

^^^^^B                  Diupedi\ii!i  iu  iulAmmatiou,  114 

1 
Dropsical  infiltration,  87.  See  InJOtrati^tu 

^^^^^H                       (»r  Tvil  bloo<l -corpuscles,  53.  114 

of  liver,  mi 

^^^^^H                   Diaphniguuuir  hi^rni^.  5(i7 

Droi«y  from  nephritia,  663 

^^^^^1                   Diiistiitic  IVirneiits  2]» 

of  gall-bladdtr,  618 

^^^^^B                    Diii8temiitoiiiyt«)iH,  NIH 

of  joints*  780 

^^^^H                    l>ibolhiiiH:fi>biiUis  cdrclutua,  350 

of  iH.^rilone«nt,  ti28 

^^^H                                    H4-J,:i4i^ 

Dry  gangrene,  1*J3 

^^^^^H                   UJcbotuwy  ol  liudi-riH,  216 

pericarditis,  448 

^^^^^B                   DJcrcwiL^Uiim  luiiceattiui,  361,  616 

Dnerey,  liaciHua  of,  314 

^^^^H                   Dit!'u84^  ui-pUritLs,  ti40 

Ductus  arterioHiis  Botalli,  417 

^^^^H 

Bolalii,  [Willi looH,  41b 

^^^^H                      Kck^nm*^  of  brain,  HTJ 

Duni-dum  fever,  334 

^^^^^H                   Dilfu^iuu,  cscu]>e  i>f  lluid  by,  IM 

Dunham's   mix  In  re    for  cleanng    spccl- 

^^^^^^^            Dilutatmu  of  bludtkr,  b77 

uieiiM,  9(H» 

^^^^^^^K              uf  FallupiHti  tubi\s.  724 

peptont^  solution,  preparution  of,  925 

^^^^^H 

Dumlcuitis,  hi^l 

^^^^^^^B 

Duodenum,  infisinimation  of,  581 

^^^^^^^^1                    Htoiimch,  5(17 

Dun*  mater,  7J>3 

^^^^^^^^m 

augiosarcfiitm  of,  795 

^^^^^^V 

«ircinoma  of,  795 

^^^^^^H 

cysts  ot;  7U5 

^^^^^^B           Dl|ibthcriu,  252 

fibrnma  of,  795 

^^^^^^^H                                        2.']li 

glidjiiivconui  of,  795 

^^^^^^^B 

bemorrhrtgeH  oC,  793 

^^^^^^^B                 iweudoiui'iiihninoufi  flbrlnous  infltiiii- 

hy[>ercmiu  of,  793 

^^^^^^^B                                       from,  255 

inllaTiiiualion  of,  793 

^^^^^^^^B              luixod  infection  iti,  251 

1          spinal,  ^Bl 

^^^^^^^^B                                   255 

fatty  intiUraliou  of,  881 

^^^^^^^B                   pliurynx,  554 

fibruma  of.  mil 

^^^^^^^^B 

hemorrhagt*  into,  861 

^^^^^^^^B              ]tatliol(>gic  anututuy  of,  255 

lipoma  of,  HIJ2 

^^^^^^^m                  physioloi^y  of,  25<i 

myxoma  of,  f^ 

^^^^^^H                          of,  25^ 

ttTCotna  of,  8ii2 

^^^^^^^H            Diplitberiu-bacilH,  nou-piithogcuic,  253 

sypbilis  of,  SH2 

^^^^^^H            Diplitbcritic  dyscat^^ry,  5H5 

tubere-ultifii?^  of,  863 

^^^^^H               (-ndocardititj,  423,  424 

tumon*  of,  H62 

^^^^^^^^B              itiUHDitimtioUp  IIK 

syphilisi  of.  7iM 

^^^^^^^H              laryiigitb, 

tnbercubifiiii  of.  794 

^^^^^^^B              membrani%  i^t  met  lire  off  llH 

tumors  of,  795 

^^^^^^^B 

Dust-rells.  500 

^^^^^^^H 

Dtist-eoriiUBties.  373 

^^^^^^H           Diplococcus   iiitimelliJluns  mpDingiHdis 

Dsist-emlHilisni,  5n 

^^^^^^^H                                 leptfjTUeiiiyjaritis,  197 

Dwarf  tape- worm,  345 

^^^^^^^^K              meningitidis, 

Dvsentery,  585 

^^^^^^^^B              pncomonia. 

bacillus  of,  265.  585 

^^^^^^^^B                  in   diHOiiffe^   otbcr  tban   pucumonift, 

c«f4irrbal,  5a5 

^^^^H^ 

dipbthcriticv  585 

^^^^^^^H           Di  pi ogf in II fio ni s  k ra nd i h,  350 

gangrenous.  566 

H^^^^^^            Dipylidium  miiinnm,  'Md 

organism  of,  325 

■^                                 Diruct  heredity,  IK 

iilcenitivt*,  585 

H                                           rJis<?ilAl*,  €1111  ws  of,  18 

Dysmenorrhcpa  tiienibmnacea,  702 

■                                       detcrnuniup^,  19 

Dyspepsia,  5i>3 

■                                       prt'dii?ip^«ing,  18 

H                                    definition  of.  17 

ErcEVTBir  byrn*rtn>phy  of  heart,  444 

H^                                     etiology  of,  1» 

Ecc  h  on  1 1  rtim a tu ,  1 54 

^■^^^^^^                 pandi*mic.  32 

Eccbondr4»Bcs,  154 

^^^^^^^K            Disorders  of  itntrition  and  tuetabolisni. 

EcchymoBes,    miilti-aipillary^    from    ob- 

^^^^^H 

struct  Ion  of  b  I  otid- vessels.  54 

^^^^^^^H           PissiM-ting  anf^nry^tii,  4^,  465 

Eidiyrnosi**,  dcfinilion  of, 55 

^^^^^^H            Di.H.'^'nuyHkHl  sclerosis  of  brAin,  823 

E^'binmoccua  altricipttriena,  348 

^^^^^^^V            DiMoma  oplithiilm<*biutn.  364 

cyst,  347 

V                                 Disturbaucci*  of  t'imibition  of  bloud,  48 

distribution,  349 

H                                  Divertkultt  of  intestines,  573 

BfiMA  of,  34ft 

H                                  Divtirticulnm,  Mecker»,  573 

af kidney,  673 

■                                 Dui  bmin^  duodenalis,  353 

of  larynx.  480 

^^^^^^^^            Donrine,  329 

of  Hvcr,  616 

^^^^^^H           Dmciinculas  mediuensls,  357 

of  peritotieum,  634 
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EL^hiiUM^mcus  cyst  of  Kistick.  750 

Etnbfdism  of  liver,  596 

of  thyroid  gland,  640 

of  lungs.  491 

humiiiia,  34« 

of  muscleji,  786 

jiiiiJtilcR'uUris,  348 

of  spermatic  artery,  743 

scQllciimrieuH,  'MH 

of  spleen,  :I98 

vet<?rin(»riini,  MH 

paradoxic,  57 

Echiiiorhyuclma  giRiis,  3l>0 

reiiults  of,  57 

E<'tiitie  aneiirj  siu,  4&2 

retrograde,  56 

tVtogeiious  lemtnma,  'ilO 

aeata  of,  5tj 

E(r<j|tis«*in  of  bacttTift,  'ilS 

Embryonic  restn,  i:iH 

Edemu,  miKit>"Lnrotit:.  H6 

Emigration  of  leiikoeytes  of  bloiwi,  53 

( lianiL't<*r  of  tlic  Uquitl  in,  <>7 

EmigmtioTi-theory  of  intlamoiation,  108 

ilofliiitioii  of,  <U 

Emphyiieiiia,  infeetious,  2H4 

eti<»lo^y  of,  B4 

of  iung?i,  41*1 

froiii  riefihritis.  fifi3 

bulUmti,  \\m 

iijfliimiuatory,  BG,  11 1 

interstitial,  490 

iimliKDanf,  21M>,     See   MiTiigimnt  fthtun. 

senile,  494 

of  brain,  p^^it) 

substantial,  49*3 

itK'^i,  an 

vevieuliir,  \VtJ. 

of<iell8,  87 

vieariuns,  4^2 

of  iutei»ti licit,  578 

Empveuia,  537 

of  kidney.  047 

of  gall-bladder,  018 

of  lurynx.  476 

Emnlsi lying  ferments,  210 

of  lunV«,  1^^ 

EiHH'phalilis,  f<M 

of  ruusal  tyivities,  474 

iicuU'  parenchymatoua,  838 

i>f  iiorves,  HliO 

chronk,  843 

of  pharynx,  550 

primary  aeut*?  bemorrkagie,  841 

of  |iia  and  ani€liuoid.  796 

simple  acute  focal.  tCt«                                    | 

imthologie  anatomy  of,  66 

aiippumtive.  84«                                                \ 

rostulte  of,  67 

Eneepbaloeele,  «10 

Edematous  inftammation,  117 

Eneephalomalaeia,  835 

laryngitis.  477 

Kud-arteries    of    Cohuhcim,    thrombosis 

•ifninulos.  :«j9 

of,  57 

EhrJii'h*s  acid  hematiixylin,  fWi 

Endarteritis,  455 

claasificAtioti  of  k^tikoeytci*,  :J«7 

chronitm  deformam',  45*i 

side-chain  theory  of  imrnuuity,  232 

obliterans.  459 

triple  stain,  :i93 

of  ee  re  bral  bl  or  id  -  %'  en*- 1  s,  tCl 

Eirneria  bomiiiis,  XiH 

Endemic  disease,  definition  of,  32                     1 

EhiHtic  tissue,  examination  of.  Ml 

Endoeanlitis,  42:i 

Unna'a  nietliod.  J>11 

aeute,  422 

Wuigerrsmfthml,  Hn 

etiology  of,  422 

Electricjil  riirrouts,  ot!(ect«  of.  on  bjicteriat 

leisioiLs  in  other  organs  in,  4211 

il7 

pathologie  aoatomy  of,  423 

infloennL's  in  etiology  of  disease,  24 

results  of.  425 

Eit'|»hantiiksis,  3,1^ 

changes  in  other  organs  in.  428 

congenita  mollis.  159 

ehronie,  42(» 

(tnecorutn,  284.    Set^  Lepmny. 

etiology  of,  426 

kbiffi  of  rlitoris,  733 

patbologii'  anatomy  of,  426 

ofHcrotam.  741 

diphtheritic,  423.  424 

phk'lwct4itif ,  470 

malignant.  423,  424 

V 111  Vie,  739 

micrO'organisniH  i>f,  422 

Emb*Midiijg.  902 

mural,  422                                                       ' 

eelloiilin  Tnetho<l.  m\ 

myeotic.  423,  424 

[mmffin  method,  90i 

pathologie  physiology  of,  426 

rapid.  !K>2 

septic,  423,  424 

»iow,  myi 

oleenitive,  423,  424 

Emboli,  m 

verrneosf>,  423,  424                                             ^ 

sources  and  nature  of,  56 

Endocardium.  416 

Emljolism.  5<> 

disease  of.  422 

air-,  m 

inflammatifjn  of,  422                                       . 

dust-.  59 

Endo^nie  nenrons.  808 

fttt^-,  59 

Endogenous  sobstam  es.  119 

infe«tion«,  58 

temtoma.  210 

of  brain,  R'S5 

Endometritis,  70:^ 

of  i^oronurj'  artery,  422 

acute  catarrhal.  703                                           i 

of  intestines,  578 

chronic,  701                                                         | 

of  kidney,  648 

^^'  i 
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Endometritis  decidualis,  735 

exfoliativa,  702 

gland alaris,  704 

interstitialis,  704 
Endoplasm  of  bacteria,  215 
Kndosporea,  214 
EndoBporium,  215 
Endothelial  cancer.  178 
Endothelioma,  178,  472 

of  arachnoid  and  pia,  802 

of  choroid  plexus,  852 

of  lungs,  531 

of  pleura,  540 

of  spleen.  403 
Enteritis,  579 

catarrhal,  579 

chronic,  580 

croupous,  580 

etiology  of,  579 

follicular,  579 

pathologic  anatomy  of,  579 
physiology  of,  581 

pseudomembranous,  580 

suppurative,  580 
En  terocy stoma,  573 
Enterogeuic  albumosuria,  687 
Enteroliths,  596 
Enteromycosis,  591 
Enterorrhagia,  55 
Enzymes,  218 
Eosinophile  granules,  369 
Eosinophiles,  368 
Ependymitis,  851 
Epidemic  cerebrospinal  meningitis,  799 

disease,  definition  of,  32 
Epididymis,  inflammation  of,  743 

tuberculosis  of,  746 
Epididymitis,  695,  743 

acute,  744 
Epiphysis  cerebri,  860 
Epispaidias,  740 
Epistaxis,  55.  474 
Epithelial  cells,  metaplasia  of,  134 

cysts,  208 

perles,  202 
Epithelioma,  201 

contapiosum,  3.37 

cylindrical,  202 

of  choroid  plexus,  852 

of  penis,  741 

of  scrotum,  741 

of  thymus  gland,  415 

squamous,  201 
Epulis,  177,  519 
Equatorial  spores,  214 
Ergot,  poisoning  by,  28 
Erythroblast^s,  :m 
Erythrocytes,  366 
ErythrcMtytosis,  380 
Escharotics,  action  of.  26 
Esmarch  method  of  cultivating  anaerobic 

bacteria.  J)'M 
Esophagitis.  catarrhal,  557 

phlegmonous,  ,=wS8 

pseudonieinbranous,  557 

ulcerative,  558 
Esophagus,  anemia  of,  557 


Esophagus,  carcinoma  of,  559 

circulatory  disturbances  of,  557 

congenital  defects  of,  557 

dilatation  of,  558 

diverticula  of,  558 

inflammation  of,  557 

passive  congestion  of,  557 

perforation  and  rapture  of,  550 

stenosis  of,  558 

syphilis  of,  559 

thrush  of,  559 

tuberculosis  of,  559 

tumors  of,  559 

typhoid  ulceration  of,  559 
Estivo-autumnal  fever,  331,  332 
Etat  crible,  837 

s^gmeutaire,  434 
Ether,  poisoning  by,  30 
Etiology,  definition  of,  17 

of  disease,  18 
Eustrongylus  gigas,  360 
Examination  of  fresh  tissue,  897.      See 

Tissue. 
Exfoliative  vaginitis,  732 
Exogenic  neurons,  806 
Exosporium,  215 
Exostoses,  157,  777 
Experimental  acid>intoxication,  36 

glycosuria,  40 
Exposure  to  general  high  temperataie, 

effects  of,  21 
External  hernia,  574 
Extra-uterine  pregnacy,  729 
Extrophy  of  bladder,  677 
Exudation  of  liquids,  113 

Facultative  aerobes,  216 

saprophytes  and  parasites,  216 
Fallopian  tubes,  723 

anatomy  of,  723 

carcinoma  of,  729 

congenital  abnormalities  of,  723 

cysts  of,  729 

dilatation  of,  724 

displacement  of,  723 

fibromata  of,  728 

fibrortiyomata  of,  728 

hematoma  of,  724 

hemorrhages  of,  724 

hyperemia  of,  724 

inflammation  of,  725.     See  Salpingi- 
tis. 

lipoma  of,  728 

papillomatous  elevations  of,  728 

sarcoma  of,  729 

stenosis  of,  724 

syncytioma  malignum  of,  729 

syj)hilis  of,  728 

tuberculosis  of,  727 

tumors  of,  728 
False  crou]>,  477 
neuroma,  183 
Fasciola  hepatica,  361,  362 

in  kidney,  673 
Fasciolopsis  buski,  364 
Fat  in  fatty  infiltration,  staining  of,  73 
of  body,  origin  of,  34 
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Fat  of  pane  reus,  fi23 

Fibrinogim,  fiO 

^^ 

tiKsuK^  liiamiuation  of,  911 

Fibrinous  bronchitis,  483 

^^1 

Fnt-crys tills  in  urine,  ^^2 

inflammation,  118 

^H 

Fttt-embolisui.  fjy 

pericarditis,  44d 

^H 

Fatnecrosb,  101 

pieuriti.**,  5;W 

^H 

Fat-splitting  fermenta,  219 

pneumonia.  497 

^H 

Fata,  value  of,  in  nutrition,  33 

Fibrinuria,  fJ».H 

^^H 

Fatty  afida,  origin  of,  'M 

FibrtMidenoma  of  bladder,  684 

^H 

casts,  mv 

Fibro-blastic  cells,  114 

^H 

contracting  kitln*'y»  tj54 

Fibroglia  librils,  14« 

^H 

deKen«ration»  74.    See  DegeneraHon. 

Fibroid  of  uterus.  711 

^H 

of  arteries,  454 

interstitial,  711 

^^1 

of  jjastrit:  glands,  568 

uiuml,  711 

^H 

of  heart.  432 

submucous.  711 

^H 

of  kidney.  «fJ5 

subperitoneal,  711 

^H 

of  liver,  1501 

phthisis.  522 

^H 

of  muscle,  791 

pdyi*  of  uterus,  711 

^^1 

of  prastat*,  751 

Fibroma.  J  46 

^^1 

of  suprarenal  bodiea,  642 

api>earanee  of.  147 

^^1 

of  t4Jflttcle,  743 

di'flnition  of,  14« 

^^H 

11  f  uterna,  710 

etiology  of,  146 

^H 

of  veinsj  4^ 

intracanalicular,  149 

^^H 

infiltration,  72 

mammiP  niMlulum.  148 

^H 

d**finition  of,  72 

nature  of,  ir*0 

^H 

ttiology  of*  I'l 

of  bladder,  W.H4 

^1 

of  l>one-marrow»  413 

of  bone,  777 

^1 

of  dum  mater  of  cord,  Stil 

of  brain »  840 

^H 

of  heart,  431 

of  choroid  plexus.  ai2 

^1 

or  kidney,  6flrt 

of  dura  nmter,  795 

^1 

of  liver,  fMK) 

of  cord,  H«2 

^H 

of  mammary  glands,  757 

of  Fallopian  tubea,  ?28 

^H 

of  muscles,  791 

of  inte.*«tinea,  591 

^^1 

imthologic  anatomy  of,  73 

of  kidney,  669 

^H 

physiology  of.  73 

of  larynx.  479 

^H 

(wmta  of.  73 

of  liver.  H12 

^^1 

IVbris  nndulan?*.  324 

of  lungs,  530 

^H 

Femoml  hernia.  574 

of  mammary  gland,  75B 

—^^M 

Fertnenttttiou.  218 

intmcanalicular.  758 

^^^^H 

Ftjrment  theory  of  immunity,  289 

of  mouth,  548 

^^^^^1 

thrombosis,  tiO 

of  mtiacles,  792 

^^^^^1 

Ferments,  coagnlatingj  219 

of  ovariea,  719 

^^^^^1 

diustatic,  219 

of  penis,  742 

^^^^^1 

effects  of,  ^219 

of  peritoiienni,  633 

^^^^^1 

emulsifying,  219 

of  pleura,  539 

^^^^^B 

fat-8plitting,  219                                          ' 

of  iipleen,  403 

^^^^^m 

hydrolytic,  219 

of  stomach,  56?? 

^^H 

inverting,  219 

of  testicle,  74« 

^^m 

oxidizing,  219 

of  tiiotb-pulp,  549 

^^m 

produced  by  bacteria,  217 

of  vagina,  733 

^^M 

proteolytic.  219 

of  vulva,  748 

^^M 

Fetal  mctnbranea,  7113 

Beats  of,  147 

^H' 

Fetid  bronchitis,  482 

atructun.'  of,  149 

^H 

Fever,  blo€»d-changea  in,  4fl 

Fibroniyonm  of  Fallopian  tubes, 

722       H 

c^nBcrvtttive  effects  of.  -47 

of  vulva,  739 

^M 

definition  of,  45 

Fibrosarcoma  of  ovary,  719 

^H 

eflectB  of,  on  bacteria,  47 

Fibroftis,  geueruL  125 

^H 

etiology  of.  45 

Fibrous  goiter,  ty'M 

^H 

nature  of,  45 

pneumonia,  5(>9 

^H 

imthrjlogie  una  torn  y  of,  4<i 

peribronchial,  511 

^^H 

physiology  of,  4rt 

perivasc*ular,  511 

^^^^H 

Fibrilfl,  fibroglia,  14« 

plcnrogiiuic,  511 

^^^^H 

myogli*,  146 

seeondttry,  511 

^^^^^H 

neuroglia,  14ti,  181 

FUaria  Bauerofti,  358 

^^^^^H 

B'ibrin,  eramiuation  of,  910 

in  kidney,  *i73 

^^^^^1 

Woigcrt'a  method,  910 

broucldalis,  3tK> 

^^^^H 

Fibrin*ferment,  tM 

coujunctivat,  :ifK> 

^^^ 

poisoning  by,  30 

Demartiuayi,  .'«iO 

J 
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Filaria  diurna,  359 

hoiuiuis)  oris,  359 

immitis.  359 

in  peritoueum,  634 

labialis,  359 

lentis,  359 

loa,  359,  360 

lymphatica,  360 

magalha'si,  360 

medinensis,  357 

nocturna,  359 

ozzardi,  360 

perstans,  359 

restiformis,  359 

Komauorum-orientalis,  360 

sanguinis  homiuis,  358 
Filariasis,  359 
Filariform  larva;,  1^55 
Filtration,  cscai)e  of  fluid  by,  64 
Fissure,  anal,  580 
Fistula  in  ano,  584 
Fixing  and  hardening,  898 
Flagclla  of  bacteria,  215 

staining  of,  929 
Flagellata,  325 
Fleshy  moles,  735 
Fluke-worms,  360 
Foetus  in  fcBtu,  210,  722 
Follicular  cyste  of  ovary,  719 

enteritis,  579 

tonsillitis,  552 

ulcers  of  intestine,  580 
Food,  diminished  supply  of,  33 

increased  supply  of,  cflFoct  of,  33 

necessary  constituents  of,  33 
Foot-and-mouth  disease,  543 
Foreign  bodies,  changes  in  tissues  around, 
124 
in  blood,  395 
in  intestine,  395 
in  larynx,  480 
in  tissues,  20 
Formalin  for  flxing  and  hardening,  898 
Formative  cells,  131 
Fowl-tuberculosis,  283 
Fracture.  764 

comminuted,  764 

compound.  li\A 

repair  of,  764 
Fragilitas  ossium.  771 
Friedreich's  ataxia,  883 
Frog-faro,  HI 3 
Fuchsin,  907 

bmlies,  Hufwl's,  82 
Fuchsinophile  granules  in   fatty  degen- 
eration. 76 
Funpifonn  tumors.  144 
Fungoid  tumors.  144 
Fungus  of  testicle,  benign,  744 

syphilitic,  74H 
Furring  of  tongue,  542 
Furuncle,  122 
Fusiform  aneurj-sm,  462 

bronchiectasis.  485 

<f  ALA4TOCELE,  761 

(ialactorrhea,  757 


Gall-bladder.  617 

contraction  of,  618 

dilatation  of,  619 

dropsy  of,  618 

empyema  of,  618 

inflammation  of,  617 

tumors  of,  620 
Gall-stones,  619 
Ganglia  of  cranial  nerves,  diseases  of, 

889 
Ganglion,  785 

Ganglionar  neuroglioma,  848 
Gangrene,  102 

definition  of,  102 

dry, 103 

gaseous,  290 

moist,  103 

of  lungs,  514 

of  vulva,  739 

primary,  103 

secondary,  103 
Ciangrenous  appendicitis,  582 

dysentery,  586 

inflammation,  126 

stomatitis,  545 
Gaseous  grangrene,  294 
(rastrectasia,  567 
Gastric  glands,  atrophy  of,  566 
fatty  degeneration  of,  566 

mucosa,  pigmentation  of,  566 

ulcer  of  stomach,  564 
Gastritis,  acute,  561 

chronic,  561 

hypertrophic,  562 

interstitial,  563 

pathologic  anatomy  of,  561 
physiology  of,  563 

pseudomembranous,  561 

ulcerative,  561 
Gastrodiscus  hominis,  364 
Gastro-intestinal  tract,  diseases  of,  541 
Gastromalacia,  567 
(iastrophthisis,  563 
(iastroptosis,  567 
(telatin,  pre]>aration  of,  926 
Gelatinous  cancer,  204 
(ieneral  fibrosis,  125 

]>atholog>%  definition  of,  17 
Gentian-violet.  1K)7 

reaction  for  amyloid  tissue,  912 
Genu  valgum,  779 

varum,  779 
Geographical  tongue,  542 
Germinal  cells.  KF) 
y-granules.  369 
Giant  growth  of  bone,  766 

sarcoma  of  alveolar  process  of  jaw,  549 
Giant-cell  sarcoma,  177 
(xiant-cells  of  tulwrculosis,  277 
Gibraltar  fever,  324 
(.fiemsa's  method  for  staining  spirocha^ta 

pallida,  930 
Gin-drinkers'  liver,  606 
Glanders,  288 

bacillus  of,  288.     See  Bacillus  nuUlei. 

effect  of.  on  nasal  cavities,  475 

of  larynx,  479 


^^^^^^^^^^^^^^^^^^^^^^iJ53^J 

Gluiulers  of  liiuga,  529 

Granulation  tisHUC,  115                                    ^^H 

of  iiiiiR'leH,  liYi 

Granulations,  124                                              ^H 

of  plmrynx,  5o5 

Granule-c-L'U,  tompound,  0*52 

GlanduUir  ciiriMnamti,  903 

Granules  of  leuk<icyt4.*s,  3(;9.  :*70 

ftrannlomjA  fiiugoidea.  178 

OTgana*  regeneration  of,  133 

Gnipe-sugar  in  blood  luid  urin*^  40 

Qlans  peniSt  iiiHamujatioD  of,  740 

<;  raves'  difit^&se,  042 

Gleet,  696 

Gray  hepatization  oflung,  5<X) 

Glioma,  180 

Grand  daiight«r  cysts,  348 

ganglionare,  183 

Gregarinidie  in  canctT,  140 

of  hftir,  a>l 

Ground  itch,  '.^^4 

of  retirm.  182 

GrnlM?r-\Vidal  i-cactioii,  228 

of  Hpiiutl  conl,  880 

Gnanin.  'i8 

of  supnircMttl  iHMlies,  634 

Gui Ufa- worm,  357 

frliosarcoma  of  dura  matter,  7nr> 

Gnammata,  311 

Glio^tis,  hyiM?rtmiiliic  uoijiilftr.  SI  I 

of  bonc'i^i  770 

(llobuliir  thrombi.  4'il 

of  brain,  840 

Globuliniiria.  687 

of  lungs*.  n2« 

Globus  pHllidiis.  807 

of  lymphatic  glands  411 

Glomenilonephrttia,  60,  6S0 

t)  y  uj  no  hacte  ria,  2 1  o 

Glossitis.  542,  r,45 

heniilsteml,  515 

H.EMopROTKtTs  Ilunalewiikyi,  334 

pari?richyma{<ms,  54.'i 

Hairv  polyp,  470 

GUico^*  gehititi,  prejuiratiou  of^  \r2(l 

Halteridinui  Dsuialewskyi,  334 

Glyi'tTiQ  for  ileariii^r  spwinieiis,  SMifl 

ILimaliiun,  9<>0 

for  mounting spedijMiiJs.  iMW 

Hanging  drop.  9:Ki 

Glyieriii-aKar.  prp(Kiratiou  nf,  9'i."» 

Ilauiten,  barillus  lepnp,  284 

Orycogeti,  formation  of,  40 

Hapt^phorf^  groups*,  'SX^ 

staiuto^  of.  Hi 

Hard  papilloma,  187 

tissne,  examination  of,  913 

Harelip.  541 

Glycoiffiiic  infiltration,  H^    See  /»jl/fni- 

Haiig'M  method  of  decalcify  in  g*  901 

/mw. 

Healing  by  fii-st  intention,  li4 

ofkidtiuy,  flfirt 

by  granulation,  124 

GljiMKSuria,  40.  685 

by  immediate  union,  124 

alimentary.  41 

bv  Jk^ond  ititetition^  124 

clinn-iJ  isvusejt  of.  41 

Henrt.  410 

cxpt*rimentiil,  41 

abnormality  in  ptisition  of,  417 

r;oit^r.  <j3(J 

in  si;«5e  of^  417 

colloid,  637 

absct^as  of,  430 

definition  of,  BJW 

antinomy cosis  of.  447 

etiology  of,  6;i6 

amyloid  degeneratlori  of,  431 

flbrcnm.  riSH 

anatomic  eonsideratioufi  of,  416                ^h 

mechatiiail  t;ffe<'ts  tif,  Ii38 

ancnryi^m  of,  4 10                                           ^^^M 

pftrenLhymatonH,  f5.Hti 

utrophv  of.  442                                              ^^4 

pathologic  anatomy  of.  H36 

bilocular,  417                                                         1 

secondary  change*  in.  038 

cloudy  swelling  of,  430                                          1 

VHscular.  0:i8 

congenital  dis<-Ase.<*  and  defomiitiea  of,             ■ 

Goldhorn'Ti  raetbod    for  sUintng   spiro- 

41B                                                                  1 

chieta  imllida,  990 

deflect  J  ve  de  vel  opmeu  t  o  f ,  417                      ^^M 

Goligi  cells,  8138 

degenerations  of,  430                                  ^^H 

Gijnciooccns  of  Xeiaser*  246 

de  ve  1  op  m  e  n  t  o  f.  4 1 0                                     ^^H 

Gonorrhea.  fif*3 

dilatation  of,  443                                           ^^M 

l«ict4iriology  of,  "240 

fatty  rlegeneration  of,  432                           ^^^| 

G  on  o  r rli  eu  I  iiV  t  li  r  1  ti  s,  005 

infiltration  of,  431                                      ^^M 

tenosynovitifi,  095 

hyaline  degeneration  of,  431                       ^^H 

uretbriiia,  090 

hypertrophy  of.  443                                    ^^^H 

Gout,  3ft 

hypoplasia  of,  4 17,  441                               ^^M 
inflammation  of,  435                                   ^^^| 

etiology  of,  39 

Kolisc'b'fi  theory,  30 

pa  ras  i  t-es  of ,  4 1 7                                            ^^^B 

patlnjgeneHis  of,  39 

jkarenchyraatmis  degenenition  of^  430              V 

pathologic  anatximy  of,  39 

jjiatholngic  physiology  of,  418                        M 

Gonty  arthritis,  7B,H 

^^gmeutation  of  fibers  of,  434                    ^^H 

nt'pliritis,  ft*!*! 

HVpbilis  of,  447                                            ^^M 

tophi,  m,  7j^3 

thrombi  in,  02                                             ^^H 

Grama  rat  tho<l  of  contrast  atnin  for  b*e- 

thrombrvHiR  of  cavities  of;  420                    ^^H 

term.  928 

trihxular,  417                                                 ^^^^ 

t""""' 
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Heart,  tumors  of,  447 

wounds  aud  rupture  of,  446 
Heart-block,  435 
Heart-diseases,   effect  of,  ou  circulation, 

48 
Heart-muscle,  anemia  of,  430 

brown  atrophy  of,  69 

hemorrhages  in,  430 

hyperemia  of,  430 
Heat,  effect  of,  on  growth  of  bacteria,  217 

in  etiology  of  disease,  20 

local  excess  of,  effect  of,  20 

for  fixing  and  hardening,  900 
Heat-dissipation,  45 
Heat-production,  45 
Hemangioendothelioma,  180 
Hemangioma,  159 

appearance  and  seats  of,  160 

definition  of,  159 

etiology  of,  160 

nature  of,  162 

of  mouth,  548 

structure  of,  160 
Hematemesis.  55 
Hematoblast,  366 
Hematocele,  retro-uterine,  703 
Hematochromatosis,  577 

of  liver,  600 

of  pancreas,  622 
Hematochyluria,  359,  689 
Hematogenic  albumosuria,  687 

pneumonia,  497 
purulent.  513 

tuberculosis,  524 
Hematogenous  pigmentation,  92,  94 

local,  92 
Hematoidin  in  urine,  692 

pigmentation  by,  92 
Hematoma,  definition  of.  55 

of  Fallopian  tube,  724 

of  vulva,  738 
Hematomyelia,  873 
Hematosalpinx,  727 
Hematoxylin.  906 

Delafield's,  906 

Ehrlich's  acid,  906 
Hematuria,  688 
Hemilateral  glossitis,  545 
Hemispheres,  cerebral,  anatomy  of,  806 
Hemochromatx)8is,  93 
Hemocytolysis,  378 
Hemofuscin,  pigmentation  by,  92 
Hemogenic  tuberculosis,  415 
Hemoglobin  in  urine,  692 
Hemoglobin-derivatives,      pigmentation 

by.  92 
Hemoglobinemia,  :378 
Hemoglobinuria,  688 

from  extensive  burns,  21 

paroxysmal,  688 
Hemokonite,  373 
Hemolymph  glands,  404 
Hemolysis.  lf)2,  378 
Hemopericardium,  448 
Hemophilia,  5r> 
Hemoptysis,  55 
Hemorrhage,  52 


Hemorrhage,  arterial,  52 

by  conire  coup,  845 

capillary,  52 

causes  of,  54,  430 

cerebral,  831 
massive,  831 
punctate,  831 

classification  of,  55 
.   due  to  disease  of  blood-vessels,  54 

from  increase  of  blood-pressure,  54 

neuropathic,  54 

of  bladder,  679 

of  bone,  767 

of  bronchi,  481 

of  choroid  plexus,  851 

of  decidua,  735 

of  dura  mater,  793 
of  cord,  861 

of  Fallopian  tubes,  724 

of  heart -muscles,  430 

of  intestines,  578 

of  joints,  779 

of  kidneys,  647 

of  larynx,  476 

of  lungs,  489 

of  mammary  glands,  756 

of  mouth,  542 

of  muscles,  786 

of  nerves,  890 

of  ovary,  717 

of  pancreas,  622 

of  pericardium,  448 

of  peritoneum,  627 

of  pharynx,  550 

of  pia,  796 

of  pituitarj*  bo<ly,  858 

of  spinal  cord,  872 

of  spleen,  398 

of  stomach,  560 

of  suprarenal  bodies,  643 

of  uterus,  703 

of  vagina,  732 

parenchymatous,  52 

per  diabrosin,  54 

I)er  diapedesin,  53 

per  rhexin,  52 

results  of,  55 

traumautic,  54 

venous,  52 
Hemorrhagic  diathesis,  55 

diseases,  bacteriology  of,  321 

infarcts,  55.  58 
of  lungs,  4JK) 

infiammation,  126 

myositis,  787 

pachymeningitis,  793 

pericarditis.  450 

pleuritis,  513 

septicemia,  organisms  of,  126 

vaginitis  testis,  746 
Hemorrhoids,  .'>78 
Hemosiderin,  pigmentation  by,  92 
Hemothorax,  5;U 
Hepatitis.  604 

interstitial,  acute,  604 
chronic,  605 

parenchymatous,  604 
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Hepfitjxatiiiii  or  lutigs,  499 

Hydro  pericardium,  448                                         1 

gTny.  bm 

chylous*  44H                                                         I] 

riHl,4y9 

Hydrophohia,  Ijaott^riology  of,  319                      1 

Heredity  as  a  factor  in  etiology  of  carci- 

HydroiT* articulorum,  lui                                  j. 

noma,  195 

ex  vaeno,  797                                                      i 

as  a  prodispositig  futlor  in  disease,  18 

onieiiti,  t)29                                                           1 

direct.  18 

HydrorrhaebuB,  867                                                1 

immediate,  18 

Hydrorrhcea  gravidarum,  734                              j 

polymortiliouH,  3i* 

Hydrosalpinx,  727 

remote,  1« 

Hydrothionuria,  <»H<i 

tlieorie*  of,  19 

Hydro  thorax,  534 

Hernia,  I>74 

H  y gro  ina,  co  n  ge n  i  ta  1  cyst  i**,  1 59 

diftphroginatic,  574 

dura?  matris,  794 

direct,  574 

of  pia*  797 

etiologj*  of,  574 

Hymenolepis  diiuinuta,  ^Hi                              i 

t^-xt^^rnal,  574 

nana,  :J42,  :a45 

femoral,  574 

Hyperchronuitie  mitosis,  106 

indire^'t,  574 

Hyperchromiitosis,  105 

tuKniiittU  574 

HyjK'remia,  iMitive^SO 

internal,  574 

arterial,  50 

irredueiblt?,  575 

eol lateral,  50 

piitbaloRic  anatomy  of,  574 

local,  50 

redueibie,  575 

neuro|mralytic,  50 

retroperit4>noal.  574 

neurotie,  .50 

St  ran  KU  luted,  575 

of  bladder,  078 

Herjietit^  angina,  5.50 

of  bone,  767 

laryngitis,  477 

of  brain,  829 

Ht'leropJastie  oMteoma,  158 

of  duni  mater,  794 

Heterotopia  of  gray  matter  of  spinal  cord^ 

of  Fallopian  tubes,  824 

tim 

of  heart  muftcle,  430 

Hexathyndium  pingnicola,  3(M 

of  joints,  779 

vena  rum,  'Mi 

of  kidneys,  647 

Ilipimric  acid  in  urine*  61*1 

of  liver,  597 

- 

H  i  r ud 0  C^y low  ica,  304 

of  mammary  gland,  755 

vorax.  'M4 

of  moulh,  542 

Hi«'»  bntidle,  435 

of  mnsclei^,  786 

Hodgkiti^s  disease,  162,  UU%  394 

of  nerves,  890                                                    ' 

and  ieukcniia,  relation  of,  165 

of  pericjirdium,  44H                                         | 

Hors«ihoe  kidDey.  B46 

of  pia,  79*j 

House  maid's  knee,  764 

and  arachnoid  of  aoM,  868                   ^H 

Hiitrhinson's  teeth,  :il4,  549 

of  lutuitary  body,  858                               ^H 

Hywline  cjwt*,  *i59 

of  pleura,  534                                      ^^^^H 

degeneration,  80.     S«e  DnjeneniHoH. 

of  spinal  cord,  871                            ^^^^^^^H 

of  arteries,  454 

of  spleen,  3S7                                    ^^^^^B 

of  brain»  SSS 

of  testicle,  743                                   ^^^H 

of  heart.  431 

of  nteruH,  702                                   ^^^^H 

of  lymplmtie  glands,  405 

passive.  702                                     ^^^1 

of  mudidea,  791 

of  vagina,  732                                           ^H 

of  spleen,  402 

of  vulva.  738                                      ^^^1 

tissue,  examioatioii  of,  913 

passive,                                         ^^^^H 

Hydatid  moles,  7;i7 

^^^^H 

Hydatids  of  Morgagni,  72Q 

Hyperglycemia,  41                              ^^^^^H 

llvdremia,  377 

Hy}K^rino:ftiH.  376                                    ^^^^H 

Hydnxele,  743,  715 

Hyperplasia,  ITi'i                                    ^^^^MI 

fmiieuli  cystica,  74fl 

of  deciduH%  736                                                   1 

sperniatiei,  746 

of  mucous  niemhrane  of  uterus,  710             J 

|iroce»ius  vaginalis,  74^ 

of  spleen.  400                                             ^^ 

speruialieji,  745 

1 1  y pe  rpla-Ht  i  e  |)e  ri  h  e  pati  tis,  fl32                   ^H 

Hydrocephalns,  853 

Hyperthyroidism,  612                                   ^^^ 

Hydrochlorie  acid  in  tiusue  exaTninatioD, 

Hyperion kity  of  the  blotMi-sernni,  37B             1 

sm 

Hypertrophic  eirrhoHiB  of  liver.  608 

Hydrofluoric  acid,  poi soiling  by,  26 

enlargement,  K15 

Hydrnj^en-Hulphid  pois^ming,  '49 

gastritis.  ri^J2 

Hydrolytie  fernitnt**,  219 

nodnlar  gliogiis,  till                                          | 

Hydrometra,  701 

stienisi**  of  brain.  824 

Hydromyelia,  867 

Hy|>ertrnphy,  134 

1 

L 

Hydrontphrofiifl,  ff74 

definition,  VM 

966 
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Hypertrophy,  etiology,  135 

Dumerical,  135 

of  arteries,  453 

of  bone,  766 

of  bone-marrow,  413 

of  cervix  uteri,  710 

of  heart,  443 

with  dilatatiou,  444 

of  kidney,  664 

of  liver,  609 

of  lungs.  491 

of  lymphatic  glands,  404 

of  mammary  gland,  757 

of  muscles,  786 

of  pituitary  body,  857 

of  ])ro8tatc,  751 

of  tcAticlc,  743 

of  uterus,  710 

pathologic  anatomy  of,  135 
physiology  of,  135 

simple,  1!I5 

true,  1:J5 
Hypinosis,  376 
Hypochromatic  mitosis,  106 
Hypoluukocytosis,  383 
Hypophysis  cerebri,  856.     See  also  Pitui- 
tary body. 

in  acromegaly,  8<>0 
Hypoplasia,  definition  of,  68 

of  arteries,  453 

of  bone,  771 

of  cerebellum,  812 

of  cerebral  hemispheres,  811 

of  heart,  417.  441 
Hypospadias,  740 
Hypostatic  congestion,  48 
of  lungs,  488 

pneumonia,  50.3,  506 
Hy})oxanthin.  38 

Icterus,  620.     See  Jaundice. 

sen  febris  amantium,  387 
Ileitis,  581 

Ileum,  inflammation  of.  581 
Ileus.  575 

Immediate  heredity,  18 
Immunity.  *224 

acquired.  225 

antibacterial,  238 

antitoxic,  21^ 

isopathic.  283 

natural,  225 

theories  of,  226 

varieties  of,  224 
Inanition.  :W 
Indicanuria,  6S6 
Indigestion,  iMV.\ 
Indigo  in  urine,  (H12 
lndir(»ct  eel  I -division,  121) 
Indolent  ulcer.  121 
Infarction.  57,  763 
Infarets.  aneniic,  58 

formation  (»f.  5h 

heinorrhagie.  .5H 

plac4.'ntal,  714 

pulmonary,  59 

subsetiuent  changes  in.  58 


Infarcts,  white,  58 

Infection,  223 

Infectious,  bone-marrow  in,  414 

Infectious  disease,  definition  of,  Iti 

embolism,  oti 

emphysema,  294 
bacillus  of,  294 

leukocytosis,  381 
Infiltrating  tumors,  143 
Infiltration,  albuminous,  70 

calcareous,  of  arteries,  454 

defined,  70 

dropsical,  87 

fatty,  72.     See  Fatty  infiltration. 

glycogenic,  86 
definition  of,  86 
etiology  of,  87 
of  kidney,  666 
imthologic  anatomy  of,  87 
physiology  of,  87 

lymphoid,  164 

medullary,  of  lymphoid  stnictures  of 
intestines,  587 

round-cell,  115 

uratic,  90 
Inflammation,  107 

as  cause  of  necrosis,  97 

catarrhal,  122 

changes  in  blood-vessels  in,  110 

chemotactic  action  in,  112 

definition  of,  107 

degenerative,  122 
changes  in  tissues  in,  116 

di])htheritic,  118 

edematous,  117 

etiology  of,  117 

exudation  in  110 

exudative,  117 

fate  of  leukocytes  in,  113 

fibrino-punilent,  118 

fibrinous,  118 

gangrenous,  126 

hemorrhagic,  126 

historical  views  of,  107 

interstitial,  124 

muco-purulent,  123 

necrotic,  12(> 

of   appendix    vermiformis,    581.      See 
Ain*€ndicitiji. 

of  arachnoid,  7J>7 
spinal,  863 

(»f  arteries.  455 

of  hiliarv  ducts,  617.     See  (liotannHit. 

of  bhuhlVr.  679.     Sec  Cyhtitis. 

of  bone,  767 

of  boiie-nnirrow,  414 

of  bniin,  K37.     See  also  Encephalitis. 

of  bronchi.  4S1 

of  bursa?,  7H5 

of  cavernous  bo<lies  of  i)eni8,  739 

of  cecum,  5»<1 

of  colon,  .5K4 

of  decidiui.  7'J5 

of  du(Mlenuni.  581 

of  dura  mater,  7J»3 

of  epididymis.  743 

of  Fallopian  tul>es,  725.  See  Salpingitis. 
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Inflioim&tion  of  R&H'bladder,  fllB 

Inflammatory  leukoeytOBis,  381 

of  flecim.  581 

osteoporosis,  77U 

of  intestin««,  579 

IndueuiEa,  304 

of  joiQte,  780.     See -4rrfcn7iv 

httcillus  of,  304 

of  kidoey,  648.     Betj  AVpAnfi*. 

Infusiiria,  3^ 

of  Urvii3c»  477 

Inguinal  hernia,  574 

of  livur,  m\.     S4M2  HejMiHtia 

Inhibition,  theory  of,  226 

of  iuiiiCM.  4(»7 

looculation  of  media,  W31 

uf  lymijhatic  glmnds,  4t)6 

Insects,  venom  of,  poiHouous  etfecte  of,29 

vessel s.  471 

ItiHtifficieuey  of  heart- valves,  427 

i)f  imuiitiiary  gland,  750 

Inlerinediary  eallu>,  liHi 

itl'  ijiuutU,  ."jI'J                                                , 

Internal  hernia,  571 

of  mnmlos,  787.    See  lfy«vtli«. 

Interstitial  append ititis,  .582 

uf  musAl  cavities,  474 

emphysema  of  Uing»,  491 

c#f  nen*<!a,  893     See  Neuritis. 

gastritis,  5&'l 

of  ova  HI'S,  718 

hepatitis,  acute,  iHH 

of  ptinerpttft,  6^23 

chronic,  005 

of  |H>lviH  11  f  kiili4i*y,  673 

inflammation,  121 

of  |M  ril'JirilMUlU  4 in 

uephritis,  649 

of  fK*ntoiieum»  6"21*.     Set*  Prtitmtitnt. 

acute,  651 

of  fiharyux,  550 

chronic,  t»55 

of  i>m,  797 

neuritis,  acute,  893 

f»f  cord,  863 

chronic,  MU 

of  pitmtMry  body,  859                             i 

hyiM^rtrophie,  8ft5 

of  placetiU,  TJS 

pregnuncy,  72** 

of  pleura,  53.5 

uterinii  fihroids,  71 1 

of  proatato  gland,  7'iQ 

Inte.stiiml  olmtruction,  575 

of  pulp  of  teeth,  .^19 

InU^-«tines,  572 

of  rectum^  5*1 

ahiio rma  H t ies  of,  572 

of  salivary  glandji,  .>fi4 

abficiiee  of  part*  of,  572 

of  seminal  vesicles,  754                             ' 

actinoniyeiMia  of,  5f*l 

of  spiiml  cord,  H73.     Set*   Mjfditin  and 

active  hyperemia  of,  578 

P&tiomffelitin, 

adenoma  of,  5il2 

of  spleen,  3iW 

amyhtid  degeueratioii  of,  577 

of  Aiipmreiial  bodies,  fi|4 

anthrax  of,  5l»l 

of  teudon -sheaths,  785 

atrophy  of  mucosa  of,  577 

of  testicle,  74:i,    See  Orchiti», 

carciiionia  of.  593                                                        ^J 

of  thonunr^  duct.  473 

c  i  re  u  I  a  to  ry  d  i  s  I  u  rhitnees  o  f,  'ilB                              ^H 

of  IhyuiiiR  gland,  415 

couj^enital  ahnormalitieii  of  podtiou  of,                ^H 

of  thyroid  iilaiid,  GLiH 

^^^H 

of  traehea.  480 

enlargement  of,  S73                                      ^^^^H 

of  ureter,  tf7(* 

dilatation  of,  573                                               ^^^^H 

of  urethra,  6t>a                                              1 

diiitortion  of,  572                                             ^^^^B 

of  uterus.  7m 

diverticula  of,  573                                               ^^^^1 

of  vagiua.  732.     See  Vaffinids. 

edema  of,  578                                                       ^^^^H 

of  vas  deferens,  746 

emhoiij«m  of,  578                                                ^^^^H 

of  r^ins,  468 

enteroey^toma  of,  573                                     ^^^^H 

of  valva,  738 

e  n  te  rom  y cos  i^  o  f ,  5$»  1                                      ^^^^M 

parenchymatous,  117,  12:^ 

fibroma  of.  5(»1                                                    ^^^H 

pathologic  physiology,  12<i 

foil ic u hi r  u  1  ce rs  of,  .580                                            ^H 

phenomena  of,  in  avascular  tiaauea,  109 

foreign  bcKlicH  in,  5fK)                                              ^^M 

in  vascular  tissue^  108 

hemorrhage  of,  578                                          ^^^^H 

phlegmonous^  V2l 

hernia       574                                                       ^^^^H 

pneumococcus  as  caufse  of,  )£5^ 

i n  fei ^  t  i  i>UH  d  i  ntmen  of.  585                               ^^^^^1 

productive,  117,  123 

inflammatioti  of,  .579                                          ^^^^H 

proliferative  changes  in,  114 

inflammatory  papilloma  of,  591                       ^^^^H 

j                      pseudomembnumus      librinous,     from 

in  ten  ml  strangulrition  of,  575                          ^^^^H 

diphtheria  l>acillu8,  255 

invngin.'ition  cif,  57^                                                     ^^M 

restilutioii  after,  127 

lip^ima  of,  .591                                                           ^H 

aerofihrhion^  IIH 

myoma  of,  594                                                             ^H 

serouM,  117 

myxoma  of,  591                                                            ^H 

special  forms  of.  1 17 

narrowing  of,  572,  573                                              ^H 

•strep[m'i>t:ctis  p.vogeues  jis  cmum.*,  255 

ohstruetion  of,  575                                                       ^H 

suppurative,  119,  121.  122,  123 

panudteA  of,  594                                                         ^M 

theories  of,  1(>7 

paAHive  liyfH'remia  of,  578                                          ^H 

types  ot  ll« 

peptic  ulcer  of,  5^                                                   ^H 

Infiamoiatory  edema,  Hi  I,  114 

J 

INi>£X^^^^^^^^^^^^^H 

InteitiDes,  rapture  of,  595 

^^^^^^^^^^H 

iAitMsmft  of,  591 

udenonia  of,  670                        ^^^^^^^^H 

»tetio«is  of,  573 

(!ongt  iiitai,  660                      ^^^^^^M 

submucous  nbsceaa  of,  560 

\yii  J  > i  1 1  i  f e roti s  cy«tic,  670                        ^^1 

syphiliH  of,  591 

amyloid  iban>?e  in,  667                            ^^1 

thrombtjfii»  of,  578 

degeneration  of,  666                                    1 

tuborinilosisof,  589 

anemia  of.  646 

tumors  of.  5i*l 

atropby  of,  663 

ulceration  of.  580 

lia^l^ria  in,  67T^ 

Intoxication,  223 

ailcareous  bodies  in  cortex  of,  668 

as  a  caUfeu  of  uccrosia^  R7 

calcification  of,  mH 

Intracanalieular  (ibroma,  149 

carcinonm  of.  070 

of  loiimmary  glaDd,  758 

dreubjtory  disturbances  of,  646 

I  n  til  svsusei^ptio  n ,  'iTB 

cloudy  sw«lling  of,  664 

Itivtt^ifiatimi  (if  iutej4tinii»576 

tjongeiiital  anomalies  of,  645 

ItiVH-siuii  diiii'tiftes,  definition  of,  32 

cyanotic  indunitiou  of,  647 

i                               Invc5n*i(m  of  y terns,  701 

cysts  of,  671 

H^^^^^^^           Inverting  tVriiRntls  21^ 

di'gt'u  era t  ions  of,  604 

^^^^^^^^H           Involutiou-tnrtOH  of  ku!tcria,  2Ul 

ecbiuococcus-cysts  of,  673 

^^^^^^^^M           ludiu-gT^en  method  Jur  amyloid  tissue, 

edema  of,  647 

^^^^^H 

embolism  in,  648 

^^^^^^^^1           lod ID -reaction  for  amyloid  tiasuo,  912 

fatty  contnw^tiiig,  654 

^^^^^^^^B           loduphilia, 

degeneration  of,  665 

^^^^^^^1           Iron,  ej^Hitii nation  tor,  912 

infiltration  of,  668 

^^^^^^H           Ircni'Tiartiek^s,  pij^nit^iitntioti  by,  90 

fibramata  of,  669 

^^^^^^H           Irrediirible  beraiii,  575 

glycogenic  infiltration  of,  666 

^^^^^^H 

hemorrbages  in,  647 

^^^^^H          li&lHQda  of  T^ngerbans,  dtseiaaes  of,  623 

borsesboe-,  64ii 

^^^^^^1          ] ^  path  Ui  immunity,  283 

byperemia  of,  647 

^^^^^H          Itiotouicity  of  r(*d  bliHid-eorpusclea,  altera- 

bypertropliy  of,  664 

^^^^H                                   of.  374 

inflammation  of,  64S.     See  Nfphriiis. 

^^^^H           It<:h,  eoolie,  354 

large  wbik',  ti53 

^^^^^H               ground.  354 

leiomyoma  of.  670 
lipomuta  of,  ti69 

^^^^^H              jAFNDtC  K,  ft2(i 

lympbonnttous  infiltration  of,  671 

^^^^^M 

malpositions  of,  646 

^^^^^^m                            <]'io 

parasites  of,  673 

^^^^^^H               patbologio  uniitomy  of,  fi'Jl 

parcFiebynmtou*;  degeneration  of,  064 

^^^^^^H           Jenucr's  gtaiii  for  bloo^l,  919 

pelvis  of.     See  iV/H;r  of  lid$tey. 

^^^^^^H           Joints.  HiilcylosiA  of.  779 

red  granular,  (i56 

^^^^^^H               cold  abs('e<<iH 

rhahdomyosarconia  of,  670 

^^^^^^H               dis<:ase!i  of,  779 

sarcoma  of.  669 

^^^^^^B              distortion  of  779 

^philis  of,  669 
thrombosis  in,  648 

^^^^^^B               dropsy  of,  780 

^^^^^^H              bcmorrhagi'  into.  779 

tuberculosis  of,  668 

^^^^^^H                    |ie  rt'  in  ]  ji  o  f .  77n 

tumors  in,  6fi9 

^^^^^^H               infLiiiutiiHtitMi  of,  780.     See  Arihriti*. 

Klebs-Loffler  bncilhis,  254 

^^^^^^H              luxation  of.  779 

KntM'k-kniH".  77T* 

^^^^H               sypbili!^  of.  785 

KotjeU,  cysts  of,  723 

^^^^^^H               tubercukfsis  of,  784 

K  rxr  h  -  We  e  k  H  Im  c  i !  1  u  s,  305 

^^^^^^H 

Kocb*s  laws  for  etiologic  imiJortJinee  of 
bacteria,  31 

^^^^^H           Kaiberling'r    tnctbml    for    iire^ervitii; 

stain  for  tubercle^bacillus,  276 

^^^^^H                          gntsfi  }iatholo|ric  S|»eeimf?iiH,  921 

luberenlin,  2&2 

^^^^H           Kabi-aKar.  XU 

Kraurosis  %mlvie,  T33 

^^^^^^B            Karyokinesis.  129 

Kuhiie's  solution  for  Btainiug,  907 

^^^^^^H              ahnormuK  129 

^^^^^H               ulteriHl^  in  nt^crotic  ix-11s,  10<t 

Lactic  acid,  excessive  forniati<*n  of  in 

^^^^^^1              asymmetric,  129 

body,  37 

^^^^^H              mnltipular. 

I^actosnria,  685 

^^^^^^1           Karyokineiic    fif^urfH    in   erytbroblaiit^, 

Lacunar  tonsillitis,  557 

^^^^H                          373 

Laennee's  cirrhosis  of  liver.  607 

^^^^^H           Karyolysis,  105 

liHmblia  intestinal  is,  32rt 

^^^^^H          KaryomitoAis,  129 

r^ngban*^  cells,  207 

^^^^^^1           Karyorrbexis,  105 

I^rge  white  kidney,  65!{ 

^^^^H           Keloids. 

Ijaryugitis,  acute  catarrhal,  477 

^^^^H           KHO  solution  for  trn^iiiR.  897 

chronic  catarrhal,  477 

INDEX                                                858      ^^H 

Lafyngitjs,  cTQupoua,  478 

Leukemia,  animal  parasite  of,  340                   ^^^^B 

diplitberitic,  47b 

blood  in,  394                                                       ^^^H 

edematous,  477 

lymphatk,  393                                                 ^^^^1 

hi'nwJtit',  477 

myeloid,  393                                                     ^^^H 

Laryux,  anatomic  considerations  of,  470 

a<^;nte,  393                                                      ^^^M 

anemia  of,  47G 

Iuitholo|d;i€  physiology  of,  394                                 ^^H 

carcinoma  of,  479 

Leukemic  lymphadenoma,  165                           ^^^^H 

LOU  genital  aUnormalitieh  of,  476 

Leukocytes,  366                                                     ^^^^H 

whinoc^KTus  cyetji  uf,  4WtJ 

chemical  coDi|>oAiti«m  of,  lf7i)                        ^^^^^1 

edema  of,  47<5 

emigration  of,  in  iutlamnmtion,  tit             ^^^^| 

libroma  of,  479 

fate  of,  in  inflammation,  113                         ^^^^H 

foreixn  lK>die<i  in,  480 

largo  monoDiicIearf  IWI                                  ^^^^^M 

glanilen*  of,  47t» 

iieutrophile,  358                                               ^^^^^| 

ii*'morrhii|5e^  in,  470 

iiumher  of,  370                                                 ^^^^^| 

hyperemia  of,  476 

origin  of,  :j71                                                   ^^^^H 

inflaiunuitiun  of,  477 

fiutfaologic  changes  in,  375                            ^^^^^^ 

Ie|»m  of,  479 

polymorphonuclear,  368                                 ^^^^^^ 

lupn?*  of,  478 

fKilyiui clear,  MS                                               ^^^^M 

mueoiis  polyps  of,  479 

proportion  of  ditfereut  forms  of^  371            ^^^^H 

papilloma  of,  479 

small  mononuclear,  367                                   ^^^^^| 

pamsiteA  of*  480 

tran.sitional.  MH                                              ^^^^^M 

at«noKis  of,  477 

various  forms  of«  367                                       ^^^^^| 

»yphiUs  of.  478 

Ijeukocytic  casta,  660                                          ^^^^H 

tubenMilosisi  of,  478 

shadows,  ^f75                                                   ^^^^^| 

tumnrs  of.  479 

Leukocytosis,  380                                               ^^^^H 

Latent  tubtrcLilosis,  2S1 

cachectic,  :m                                                ^^^H 

Lateml  thrombus.  6i 

character  of  blood  in,  382                              ^^^^H 

veutriclca  of  bmin,  806 

from  mechaniciil  and  thennal  cauBes,               ^H 

Ija vender  for  clearing  sfjocimeiiSt  909 

381                                                               ^_^B 

Lead,  jioisoniiig  by,  *^ 

inrectious,  38t                                                ^^^^M 

Lecithin  in  fatty  degeneration,  76 

inflammatory.  361                                         ^^^^H 

in  fatty  infiltratioQ,  73 

medidnal,  381                                                 ^^^^^| 

Leeches,  3(>i 

Leukolyisis,  383                                                ^^^H 

Lctu  myoma,  184 

Leukonuclein,  370                                             ^^^^H 

of  kidney,  669 

Leukoijeuia,  383                                                  ^^^^^| 

of  ijl43rn8,  711 

Leukoplakia,  542                                                    ^^^^H 

LeishmaU'Dv^novan  bodies,  334 

Levulosuria»  685                                                ^^^^H 

Leontiaisi?*  leprostei,  2w6 

Leydenia  gemmipara,  327,  635                                 ^^1 

Ojwintn,  770 

Liboriua'  method  of  cultivating  anaerobic                ^H 

Lepm,  2>^.    See  also  Li^prosjf. 

bacteria,  im                                                  ^M 

aJfectiunf*  of  invtal  cavities  in,  475 

Light,  effect  of,   on  growth  of  bacteria,                ^^H 

gangrtenotM,  287 

^^^M 

matilans,  287 

Li me-sal L%  e  xam  i ii at  i on  n f .  912                       ^^^^H 

of  bone,  747 

Linguatula  Khinaria,  364,  533,  615,  634          ^^^H 

of  larynx, 479 

Lipaciduria,  686                                                   ^^^^1 

of  pharynx,  5,t5 

Lipase,  102                                                               ^^^H 

of  t<^tide.  748 

Lipcmia,  378                                                          ^^^^H 

Lepm-cell,  287 

L]p«)ma,  1S2                                                               ^^H 

Leviroma,  287 

appearutice  of,  152                                                  ^H 

L^'prosy,  284.     See  alto  Lepra, 

eliology  of,  l'i2                                                            ^H 

anesthetic,  285 

nature  of,  153                                                              ^H 

antitoxin  of,  288 

of  Inme,  777                                                             ^^M 

bacillus  of,  284 

of  choroid  |»lexus  852                                               ^H 

etiologv  of,  284 

of  durn  mater  of  cnnl,  862                                     ^H 

of  liver,  612 

of  Fallopian  tubes,  728                                              ^H 

of  nerves,  896 

of  intestines,  591                                                           ^H 

pathologic  anatomy  of,  285 

of  kidney,  569                                                               ^H 

physioloj^y  of,  "Zm 

of  liver,  612                                                                    ^H 

structure  of  Icjiiom*  of,  287 

of  lungH,  530                                                                ^H 

tubercular,  28r» 

of  mammary  inland,  758                                         ^H 

Lept<inieriingitift»  797 

of  rni>uth.  5^tH                                                              ^H 

spinal,  f-:firj 

of  niUBcles,  792                                                              ^H 

Lcptothrix  biii^caHs,  308 

of  penis,  742                                                                   ^H 

Leucin  in  nrlne,  37»  6B2 

of  peritoneum,  B3:i                                                     ^H 

Lenkcmia,  390 

of  pi  a  and  arachnoid,  803                                       ^^M 

acute  lymphatic,  394 

of  pleura,  5,39                                                            ^^M 

and  Hodgkin'ii  diiieafief  Telfttion  of,  IflTV 

L 

of  stomach,  568                                                       ^H 
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Lipoma  of  vulva,  739 

seats  of,  152 

structure  of,  153 
Lipomatasis,  152 

of  mammary  gland,  757 
Lipuria,  689 
Liquefuctiou-necrosis,  99 

definition  of,  99 

pathologic  anatomy  of,  100 
Liquids  of   the    tissues,  alterations  of, 

cause  edema.  (>5 
Liquor  puris,  120 
Lithium-carmin,  906 
Lithopcdion,  730 
Liver,  596 

abscess  of,  604 

acute  yellow  atrophy  of,  602 

adenoma  of,  552 

amyloid  degeneration  of,  603 

anatomic  considerations,  596 

anemia  of,  597 

angioma  of,  612 

atrophy  of,  599 
localized,  600 

carcinoma  of,  613 
secondary,  614 

changes  of  position  of,  596 

circulatory  disturbances  of,  597 

cirrhosis  of,  605 
atrophic,  606 
biliary,  609 
hypertrophic,  608 
Laennec's,  606 

cloudy  swelling  of,  601 

complete  absence  of,  596 

cyanotic  induration  of,  597 

cysts  of,  615 

dropsical  infiltration  of,  604 

embolism  of,  598 

fatty  degeneration  of,  601 
infiltration  of,  600 

fibromata  of,  612 

gin-drinkers',  606 

hyperemia  of,  597 

hypertrophy  of.  609 

infectious  diseases  of,  610 

inflammations  of,  604 

leprosy  of.  612 

lipomata  of.  612 

lyniphadenonia  of,  612 

malformations  of,  596 

myomata  of.  612 

nutmeg".  r»97 

parasites  of,  615 

paronchymHt<»us  degeneration  of,  601 

pigmentation  of.  600 

red  atrophy  of.  .'>J>7 

relation  of,  to  diabetes,  43 

rupture  of.  610 

sarcoma  of,  612 

syphilis  of,  611 

thrombosis  of,  ,598 

tuborculosia  of,  610 

tumors  of,  612 
Liver-fluke,  .'^1 
Livores  mortis,  106 
Lobar  pneumonia,  497.       See  Pneumonw. 


Lobar  sclerosis  of  brain,  843 
Lobular  pneumonia,  502 
Local  anemia,  52 

hyperemia,  50 
Locomotor  ataxia,  879 
Loffler's  solution  for  staining,  907 
Lophotrichous  bacteria,  216 
Lud  wig's  angina,  551,  556 
Lugol's  solution   in  tissue  examiuatiou, 

898 
Lungs,  actinomycosis  of.  530 

active  hyperemia  of,  487 

anatomic  considerations.  486 

anemia  of,  487 

anthracosis  of,  511 

atrophy  of,  .591 

carcinoma  of.  532 

chalicosis  of,  511 

collateral  hypi^remia  of,  487 

congenital  defects  of,  487 

congestion  of,  487 

cyanotic  induration  of,  489 

cysts  of,  533 

edema  of,  489 

embolism  of,  491 

emphysema  of,  491 

gangrene  of,  514 

glanders  of,  529 

hemorrhage  of,  489 

hemorrhagic  infarcts  of,  490 

hypertrophy  of,  491 

hypostatic  congestion  of,  488 

inflammation  of,  497 

parasites  of,  533 

passive  hyperemia  of,  488 

sarcoma  of.  531 

siderosis  of,  511 

syphilis  of,  527 

tuberculosis  of,  515 

tumors  of,  530 
Lupus  vulgaris,  281 
Lustgarten's  bacillus,  308 
Luxation  of  joints.  779 
Lymphadenia  ossea,  778 
Lymphadenitis,  406 

'acute,  406 

chronic,  407 

suppurative,  407 
Lyinphadenoma,  162,  402.  411 

aleukemic,  165 

ap])earance  and  seats  of.  162 

etiology  of,  162 

nature  of,  165 

of  liver,  612 

of  mouth,  ,548 

structure  (»f,  164 
Lymphangiectasia,  511 

ac(|uirod,  472 

congenital,  472 
Lymphangi(»nia.  159 

CAvernosum.  159 

of  brain.  849 

of  month,  ,548 

of  spleen.  403 
Lym]>hangitis,  471 
j       punilent,  514 
I  Lymphatic  anemia,  165 
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Lynipbfttk-  tirvulati**!!.  tjUstmction  of,  ti 

Malignant  adenoma,  190                                          ^^^^B 

imuse   *tf  t'dfiuii,  IJ4) 

txkma^  2!KJ                                                               ^^^^H 

glamls,  amyJuid  ck-gfiitjni!iuii  i>f,  4DI> 

bacillus  of,  29f>                                              ^^^H 

jiniit4jioic  i'oiiHi(knitiuu*i,  4U4 

4^iidm-arditis,  423,  424                                       ^^^^H 

arithracosis  tif,  4tKi 

lyijiplioma,  15^2                                               ^^^^B 

atrophy  yf.  4IW 

pinstuhs  2SJ                                                                 ^H 

m  lei  Unit  Urn  of,  AXiTy 

MaJlein,  Zm                                                                    ^M 

carciiiomsi  of,  -112 

Mallory''*   aiiilin  blue^    «oimectiv^ti8»«f>                ^H 

distiH^:^  ni.  40r» 

Atain,  908                                                             ^H 

fatty  iuflltratioii  at  4t»5 

MaltA  fevt;r,  :i24                                                    _^^^1 

hyaline  ilegenernt Lull  of,  405 

micro€0€4!us  of,  324                                       ^^^^1 

hy|iertrii|ihy  of»  404 

Malum  uoxfe  senilis,  782                                      ^^^^H 

iiiflftmmntioii  of,  4iM> 

Mauinia.     See  Mmmnar^  gland.                             ^^^^H 

liecnjais  of,  405 

Mamiiiury  gland,  755                                                    ^^H 

pigmentiitiou  of,  4tKj 

adenoma  of,  75U                                           ^^^^B 

sanjomu  of,  412 

atrfjphy  of,  757                                             ^^^^1 

syphiliHiC  410 

carcinoma  of,  750                                          ^^^^H 

tube  real  OH  is  of,  408 

ehondri»ma  of  759                                           ^^^^H 

tumors  of,  411 

conge  □  i  la  1  ab  n  rt  rm  a  1 1  tie«  of,  755                   ^^^^| 

leukemic,  \W.l 

ry^t^  of,  7^jl                                                      ^^^H 

ves.si«ls,  aimtoniio  cotisidemtionB^  471 

fatty  i  n  li  1 1  rati  on  of,  737                              ^^^H 

dilatation  of,  47i 

l^broma  of,  75H                                                  ^^^^H 

ill flai limn tioii  of,  471 

hi^iiiorrhagt\s  of,  75<3                                      ^^^^^| 

IMinisitt's  <jf,  47Ii 

hyperemia  of,  755                                          ^^^^H 

syphilis  of,  472 

byfx^^rtrophy  of,  757                                       ^^^^^| 

tubert^uJa^is  of,  472 

indammation  of,  750                                     ^^^^^1 

tumors  of,  472 

lipoma  of,  7 5H                                                 ^^^^^| 

Lymphemia,  'Ml 

lipomatosi*^  of,  757                                      ^^^^^| 

Lymph -fortiiatiou,  caui^ts  of,  *J5 

myoma  of,  759                                               ^^^^^1 

Ly  m  ji  h  IK!  y  t r?*,  :i4i7 

myxoma  of,  750                                             ^^^^^| 

Lymphodcrmiii  perniciosa,  391 

myxonmtoii^  degeneration  of.  757             ^^^^^| 

Lymph^)Keiiic  tyt>erculoflij!i,  515 

osteoma  of,  759                                             ^^^^^1 

Lymphoid  infiltration,  104 

sarcoma  of,  750                                            ^^^^H 

tube  re  U\  277 

supernumeri^ry*  755                                    ^^^^H 

Lymjdioma,  162 

8ypbili^  of,  7i  7                                              ^^^^^| 

maliKiiaiH.  1<j2 

tnbereulo^]^  of^  757                                        ^^^^^| 

Lymphornatoua   iQliltmtioQ   of    kiduey, 

tumors  of,  758                                                ^^^^H 

tm 

Marantic  thrombi.  60                                                  ^^| 

Lyniphorrhea,  159 

Man*hi  and  Alg4^ri*H  method  for  demon-                ^^| 

LymphosHi^oma.  162,  171,  4<>2t  411 

Ht  rat  lug  mydin-i^hcaths  015                        ^^| 

of  mouth,  548 

%i  arga  r i  n -4^  ry  !<;  t a  1  h  i  n  fa  1 1  y  i  n  1i  1 1  m tion .  73                 ^^| 

of  pituitftry  body,  859 

MarrowH-ells,  413                                                          ^H 

(jf  stomach,  5t»8 ' 

Martiu's  yellow  for  ctin€4*r  wUiin,  914                          ^H 

of  thymus  gland,  415 

Massive  cerebral  bomorrhage,  Ci31                              ^^| 

MaHt'-ci'll  granules,  369                                                ^^| 

Macrocjsfhaly,  im 

Ma^-€e1l%369                                                               ^H 

Macracheilia,  159,  472.  548 

Muatlgophora,  325                                                        ^H 

Microglossia,  15(»,  472,  548 

MuittitiH,  acute,  756                                                     ^H 

Marin  ra-foot,  302 

c  h  ron  ic .  75*j                                                          ^^^^B 

Mai  de  i^deras,  :^29 

Me4k;kHl  pork,  343                                                   ^^^B 

Maltudiit*  green  for  canc*^r  stain,  014 

Meatiles,  animal  parasite  of,  340                           ^^^^H 

Mataria,  331 

bacteriology  of,  :n7                                          ^^^^H 

i^^stivo-imtumnal,  3:11,  3r« 

of  tape- worms,  341                                                     ^^| 

etiology,  :131 

Meehaiiical  agents  a«  canse^**   of  necroBis,          __^^^ 

mosqnito  and,  :{33 

^^M 

puniKitert  of,  331 

Meeker^  diverticulum,  573                                 ^^^^H 

estivo-aiitnmnaK  331,332 

Metlicina!  leukncytmis,  3B1                                 ^^^H 

quartan.  331,  :i32 

Medit'.'rninean  f*  vt-r,  324                                               ^^^ 

atainmg  of,  'Mh 

Medullary  carcinoma,  203                                             ^H 

tertian.  331 

inf^ltralion   of  lymphoid   strncturea  of                  ^H 

puthotogic  anatomy^  333 

Intestine,  587                                                    ^H 

physiology,  334 

MpgaloblfistH.  :r*:\                                             ^^^H 

quartan,  331,  332 

Megaloeytes.  372                                                '^^^^1 

tertian.  :J31 

Meliena  neonatorum,  5«jl                                    i^^^H 

trftn?imission  of,  333 

Melanemia,  37H                                                             ^H 

Male   breast,  abnormal   development  of, 

Melanin,  pigmentation  by,  92                                     ^H 

Melanoma,  174                                                             ^H 

962 
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Melanosarcoma,  174 

MeJaiiurljjk,  *>8H 

Mc-mbrati*.^  of  brjiiri.  diM*iU$tifi  of,  793 

cf  (jpiual  ctjnl,  diHt-aseH  of»  84>1 
MeiiingiHomig,  WM) 
MentngitLs,  t'iiidi*mic  c4?ri;bro«ti>iiiarl,  799 

tuberculous,  KK) 

M  e  II  i  ugi>c  we  us,  *i1 4 
Meiiorrhagitt.  55,  703 
MeastniatioDt  702 
Mprcnry,  isoi zoning  by»  29 
Mesfirtfritis,  45."> 
Mes*'iicej>hal*jii.  8<KV 
McAophilic  bai'tcriiit  217 
Metabolic  pigiuiutaliun,  95 
Metaholirtiu,  dirtordm-s  of»33 

in  ili:ibft*^s,  4'1 
Metsubromatic  b(*die8,  214 
Metiimorpbotiiift,  70 
Metaplasia,  IIM 

of  epithelial  cells,  134 
Metastasis,  59 

of  tumors,  Kiti,  145 
Metastatic  abseesseHt  prwlnictjoii  of,  59 
MethemogZobiu  in  uriiit,  *j92 
Methylene-blu<?,  907 

wad  cusiii  for  caiic»*r  stjiin,  914 

Unna'a  alkali ih\  ms 
polychrome,  J^K18 
Metbvl-violet  re-aciion  for  amyloid  tisautit 

912 
Metritis,  703 

acute,  706 

chninin,  707 
Metrorrhagia,  55,  703 
Metitcbnikow's   tlieorv   of    phag<K'vtosi-s, 

*>2{i 
Mia«matie  di>!ieasc.  deflwilioii  uf,  32 
Micro bbLsl.s,  37') 
M  ic  roee  pba  1  y ^  f^  1 1 
M  icrococeus^  iil3 

catarrhali$.  246 

eiaiUbeiu;iticiis,  320 

gonorrhcrsp,  246 

iknceoliilus,  218 

Meliteiisis^  '32A 

tetrageniJii,  245 

urett*  in  urine.  68$> 
Microcytea.  372 
Micromyelia,  H(JO 
Micro«pira,  213 
Miescher'fi  tulwj?,  330 
Migula's  classic  cat  ion  of  bacteria,  213 
Miliary  nneurj'sm,  462 
of  brain,  827 
of  spinal  cord,  871 

tubercles.  275,  280 
Milk  as  culture-medium.  925 
Milk-$^pot'^^  450 
Miners'  elbow,  78,5 
Mitosis,  afiymruetrie.  106 

hypftrcbronitttic,  10«l 

bypochrornatic,  106 

niultipU\  106 
Mixed  tumors,  150,  177 


Muii^t  giingrene,  103 
Moles,  fleshy,  7Ci5 

hydatid,  7^17 
Molluscum  contiieiosutti,  337 

bodie-s  of,  3^i8 
M oil UBcu til- bodies.  338 
Mononuclear  leukocytes,  367 
Muiiostoma  leutis,  304 
MoiitttrirhouH  luicteHii,  210 
Mtirbiti  iinutoniy,  definition  of,  17 
MorboH  caruleus,  418 
Morphiii,  poi zoning  by,  30 
Mosquito^  malaria  tiud,  33^1 

ri  latiotis  to  yellow  fever.  316 
Motber-vvnialb.  129 
Mfmntiug  serial  sections,  903 

tissue,  902 
Mouth,  anemia  of.  542 

circulatory  diHturlmnoe*  of,  i>42 

congcoitJil  abnormAlities  of«  541 

hemorrhages  of»  542 

hyperemia  of,  542 

tnflammatioTi  of,  542 

jiyplnlift  of.  547 

tubercirlositt  of,  540 

tumors  of,  548 
Movable  spleen,  397 

Mucin.  byiH^raecrftioii   of,   distinguished 
fr«ou  nriicoid  degcuMTiticm*  *<3 

nature  of,  h2 

Mainiug  of^  84 
Mucoid  degcneralion,  83.      See  Dt^f^ner^- 
tion. 
of  bone-tn arrow.  413 
Mucopurulent  catarrhs  IJ^ 

cystitis.  iMi 
Mucous  colitis,  584 

patch,  311.313 

tiBsue,  examination  of.  911 
Mulberry  calculi,  «*82 
MiilU*r'H  solution  for  decaleifjiuit,  901 
Multiple  mitosis,  lOfi 

seJerosis  of  bmin,  843 
Multipolar  karyokincsis,  129 
Mumps,  55tj 

baeteriylogy  of.  318 
Muriil  endocarditie,  422 

fibroid^*,  711 
Muscariii,  poisoning  by.  31 
Muscle  tissue,  regeneration  of,  132 
Muscles*  actinoniyc<i5*it*  of,  792 

amyloid  degt-neration  of.  791 

ancnd»  of,  78iO 

nnthmx  of,  7^^2 

atrophy  and  degeneration  of,  7ej9 

calcili cation  of,  791 

carriiifmm  of,  792 

chondroma  of.  792 

cimgulation -necrosis  of,  791 

ctmgenital  mal  form  At  ion  a  of,  79B6 

dijsrtLses  of.  7B6 

embolism  of.  786 

fatty  degeneration  of,  791 
infiltration  of,  791 

fibrfimata  of.  792 

gUnder*4  of.  792 

h«morrbaKe*<  of,  796 
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S^^^B 

Muacles,  hyalioe  degeneration  of»  791 

Myoma  of  liver,  612 

^^^ 

hytATemikt  i*r  7*5« 

of  mammary  giand,  759 

^^^^^M 

liypertTtJi»hy  uf,  78li 

of  stomiich,  frfjW 

^^^^^H 

inH»miimtioij  iif,  787.    See  Mjftmtia. 

of  nterufi.  184 

^^^^H 

li[>oiiiti  of.  TJfJ 

striucellnliirc,  180 

^^^^H 

iiiysoiim  ni\  792 

MyomaliM  i»,  44*1 

^^H 

«)«kuiiiiA  of,  792 

cordis,  421 

^^^^^^M 

ptinwitic  diseafies  of,  792 

Myoneuroma  of  pituitary  body,  859 

^^^^^1 

parcnchymAtouft  degeu emtio u  of,  790 

Myo|*athie  muscular  atrophy,  790 

^^^^^M 

rbjibdoniyoinaia,  of.  792 

Myositis,  787 

^^^^^M 

sarcoma  of,  792 

chronic,  IHS 

I^^^^^H 

syphilid  of,  7J>2 

productive,  7H8 

^^^^^M 

tbroniborsia  of,  786 

BUppunitive.  7f<7 

^^^^^M 

tiiWrcnlosiiiof,  791 

diswemiuatcd  acute,  7K7 

^^^^^^1 

tumors  of,  792 

hemorrhagic,  787 

^^^^^M 

Muscular  atrophy,  myopathic,  790 

localized  acute,  7'<r 

^^^^^M 

iieuroimthlc*7K9' 

ossificans  ]>roKre:*»iva,  789 

^^^^^M 

prtjgressive,  7h9 

OKsifying,  78.M 

^^^^^M 

p«*eiidohyperlrophlc,  790 

senjUH,  7K7 

^^^^^M 

simple,  790 

suppurative,  787 

^^^^^H 

Mycetoma,  302 

Myxedenm,  641 

^^^^^M 

Mycoprotehv,  2Ui 

Myxoid  cystomata  of  ovaries,  719 

^^^^^M 

M  y  am  Lb  iis|k^  r^ i  1 1  i  ii  a,  485 

Myjtoni!!,  I5t> 

^^^^^M 

fiiijgoides,  17H 

ap[>caranc(j  of.  150 

^^^^^^1 

Mycotic  endocarditis,  4*23,  424 

dcdnition  of,  15<J 

^^^^^1 

Myilaknn.  poison  in  tf  by.  31 

etiology  of.  150 

^^^^^1 

Mydato3Eiii,  poison  injc  by,  lit 

nature*  of,  152 

^^^^^1 

Myi'lioie  tie  urn  nut,  1K4 

of  hludder,  684 

^^^^^H 

M y t-1  i  1 1  - jih  ea f  h  s,  nw  t  h  04l«  for  d e  m  onstrat- 

of  bouc,  777 

^^^^^1 

iug.  914 

of  dura  mater  of  cord,  862 

^^^^^M 

formal iu-iroii-homatojcylin,  915 

of  intewtihes,  mi 

^^^^^M 

Marchi  and  Algeri'i*,  915 

of  mamnmrv  gland,  759 

^^^^^M 

Pars,  915 

of  month.  rsf?< 

^^^^^M 

Weigcrt's,  914 

of  muscles,  792 

^^^^^M 

Myelitis,  H7-d 

of  tcHtirle.  748 

^^^^H 

hematogenoas  puruleut,  874 

seataof,  151 

^^^^^H 

pressure-,  87*> 

atructure  of,  152 

^^^^H 

TOCoiidary  to  purulent  leptomeningitis, 

MyxomattuiH  degeneration  of  mammary                  ^H 

874 

gland,  757 

^^M 

tninsvcrse,  secondary  t*)  injury  or  in- 

of  testicle,  743 

^^H 

f«5ctiou3  dis«asL\  874 

^^M 

Myclocytc-i,  ;W»8 

X.EVltH  lymidialicUH,  159 

^^M 

Myel oge nous  cul  1  iia,  7B3 

promincnii,  \m 

^^M 

ost4.-cj!sarcoma.  177 

Niisal  catarrh,  acute,  474 

^H 

Myeloid  leukemia,  3413 

ca  V  i  t  i  c^,  ac  t  i  ve  b  y  pe  re  rii  i  a  of,  474 

^^H 

aeute,  393 

anatomic  coiis id e rations.  474 

^^H 

sarcoma,  177 

coiigeiiiial  ahiiormaliticsof,  474 

^H 

Myeloma,  multiple,  Itkl,  778 

«-dema  of  174 

^H 

M y el o mc 0  i n (?ot*l e,  H57 

henuvrrhajie  of,  474 

^H 

Myiasis.  364,  3S:j 

inflammations  of.  474 

^H 

Myocardite  iieffiue^itaire,  434 

paraaites  of,  47fi 

^H 

Myocarditis,  iXi 

pasiiive  hvpen»ni»a  of.  474 

^H 

*acut43,  4:?l> 

syphili^i  of,  475 

^1 

circ-umacribud,  i'Ml 

tulierculosiKof,  475 

^1 

diffuse,  436 

tumors  of,  475 

^H 

chronie,  438 

NecrobioBift,  98 

^H 

parcuchymat<ni»,  A'M^ 

Necrosiii,  9t5 

^H 

Myotibroraa  of  ovary,  719 

alterations  in  cell  nuclei  in,  1(X5 

^H 

of  nterusi,  711 

in  form  of  cells  in,  105 

^H 

of  vaKina,  733 

cellular,  gencnd  pathology  of  104 

^H 

of  vuh^a,  7;iil 

cmigulution-.  9>i 

^H 

Myoglia  fibrils.  14i> 

definition  of,  96 

^H 

Myoma  caveTnosiim,  184 

etirdogy  of,  9« 

^^M 

eysticnra,  1h4 

fat-,  101 

.^^^^1 

lffivic«dhilar4\  l!*4 

of  piiucreiu*.  023 

^^^^^1 

1                     of  bladder,  «m 

liquefaction-,  m 

^^^^^1 

^                      of  intefltincM,  594 

of  bone,  772 

J 
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^^^^^^          NecrcMifl  of  Irmiihiktic  glatids,  405 

Nerve.s,  leprm^y  of,  696                        ^^^^^^ 

^^^^^^H              of  pftnereas,  ^22 

mut^cnhir  61>crH  in.  896                    ^^^^^H 

^^^^^^^H           Necrotic  Hppetiilit.-iti»,  i3H2 

rt-generatiou  of,  891                            ^^^^^H 

^^^^^^H               cetlri,  ulu  i-L>d  kiuyokiueeb  iii*  t06 

sarc'onnL  of,  89(i                                             ^^M 

^^^^^^^B               iiitltLiuuialioiip 

sy  ph  i  I U  u  f ,  895                                           ^^ 

^^^^^^^H           N  ugu  t  i        humotii  X  i^,  111 

tuberculosii*  t»f,  695 

^^^^^^f           Ni^gri  biKJii^s, 

tumors  of,  89« 

p                               Neiaaer^  gomw^ot-eiis  i»r,  ^40 

Nurvous  syntero,  c!cntral,  iiijuries  of,  H4^ 

L                                Keisset'fi  metlHid  i>f  htJiiiiLiig  diph therm 

geut^riil  patliohjgi*'  anatomy  of,  Hi 4 

^^^^^                          bacilli,  771 

in  phenomena  of  itifkiiiiuiutioti.    110 

^^^^^b           Keiuatodt*^  :)50 

influence  of,  in  t-tiolo«:y  of  edeinu,  t>i 

^^^^H           Neoplaama.  136.    ^^  Tttmori. 

tissues,  cxami nation  of,  914 

^^^^^H           Ktphntb,  648,  r^il 

ri^generation  of,  133 

^^^^^^^H               acute  catarrhul,  tiii^ 

Neurin.  p^nsMmiiig  by,  ilO 

^^^^^^^H                   liegeuerativL',  tifX) 

Neuritis.  893 

^^^^^^^H                  de^4|UaiDative,  (>50 

acute  intcrtttitial,  893 

P^^^^^^f                       di0UM4\ 

chronic  hypertrophic   intervtitial,  805 

^                                      lieniorrhagiCp  (ifil 

interstitial.  894 

indiimmutury  lesionit  from,  008 

par*^neh  y  ma  tou  h,  695 

iiiti  rwMtial.  "efil 

suppurative,  8JI5 

|nirt'iii:liyimitmi^,  (>5<> 

Neuroblasts.  805 

^^^^^^                       sirteriosclerosis  iVom.  (i<J2 

Ncuro-epithelioma.  182 

1^^^^^^                  urtertofiiclerotic,  Goii 

Neuro^jiia,  deKenenition  of,  822 

^^^^^H                lardiac  cbnugcs  from,  862 

fihrih.  146.  181 

^^^^F                   I  lironir,  tir>;j 

Nenroglia-flh^rs,  niethoils  fordemonstrat' 

^^^^V                            he  mi)  rrlia )?!«.%  H^l 

ing,  91T 

W^^W                           inti'Tstitial,  (i55 

Neuroglioma,  ganglionar.  848 

'                                    diffuse,  <M9 

Neuroma,  183 

edfimik  tir  drcipsy  from,  663 

amyelinic,  184 

t  lubolic  Biippnrative,  662 

false,  18rj 

ctiolojrv  of,  <>19 

myelinic,  184 

goiitj,  *>^ 

of  Kupraretial  b4Mlie>s  644 

iutwratitial,  649 

plexiform,  183 

parenchymatous,  049 

true,  IKi 

fhronic,  653 

Neuron,  description  of,  608 

patbolo^ric  niitilojiiy  *)f,,  iMii 

Neuropanilytic  byiK-reraia,  SO 

1                                         phvsiolojrv  of,  *k>m 

Neuropath ie  arthritis,  7B3 

results  of,  662 

hemorrhage,  54 

second ur>^  interstitial,  654 

mujiculur  atrophy,  789 

»uppiirativ*%  HTt2 

Neurotic  hyiwreniia.  50 

tubL-CHsls  ill,  (i^i9 

NeiitTopliile«,  ;i6?^ 

uri^mia  from.  iWA 

Neutniphilic  gninules.  369 

uriiit!  ill,  GT^ 

New-growths,  136,     8ee  also  TVmori. 

K e r ve-*' oil,  a n n t oui y  of.  i^  1 4 

N:grities  of  totigue,  54') 

chaBfTcs  ill  HiK  h'i  of,  KIH 

Nissfs  methotl  of  staining  nerves*?!!*,  h15 

degt-'iiemtivc   ehangrs   iu.  ii^  u   whole, 

Nitrate  of  silver.  jMiisoning  by,  26                     ' 

819 

Nitric  acid  for  deeakifying,  9111 

prwesst'S  of,  HM 

poii<oning  by,  26 

funftiona  of,  820 

Nitrifying  ferrnt-nt*,  219 

method  for  demoriBtratin)?.  916 

Nitrobenzol.  poisoning  by,  30 

Niwrs  mcthr>d  of  atainiiiK.  815 

Nitroglvterin,  pi»»soniiig  by,  30 

putholoj^ir  t'haiiK'^  in.  814 

NocArdia.  t>i»9 

pigrnentution  of.  818 

Nodes  of  Rjwivier,  821 

vaciioliswition  of.  ^18 

Noniii,  5-1"* 

Nerve- filM-rs.  aositoniy  of,  H20 

Non-contagious    diseiwc,    deflnition    of 

1                                      dejrcneration  of,  821 

32 

functi'Ois  of,  si] 

Nou-bidemuH  pigments,  92 

mnthod  for  demr>nst rating,  9l8 

Normoblasts.  373 

Kerve- poisons,  m 

Nourishment,  insutfieient,  elftj'Ct  of.  :i3 

Kerve^H,  8iKl 

Nuclear  stains,  mz* 

1                                     atrophy  ot  HJ)0 

Nuclei  of  cells,  degenenition  of,  105 

dc^ef  lieTSition  of,  R90 

of  nerven  cltH,  morbid  change*  in.  818 

edciii!*  of,  sm 

Nucleo-ulbuminiirirt.  ^»87 

[                                        hemnrrhEipcs  int<i»  890 

Numerioil  iitrophy.  68 

hypt'Trniin  of.  890 

hypertrophy.  135 

mflammatiou  of,  693.    See  alao  Nmtri- 

Nutmeg-liver,  597 

titi. 

Nutrition,  diswrdets  of,  33> 
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OBEfiiTAB  cordis,  431 

(>Bt42osarcoma,  177                                                   ^^^^H 

ni>efiHy.  M 

myeloid,  177                                                       ^^^^H 

jiSiWH  iatt'd  conditions  of,  35 

OaU5o*(.lerosis,  749                                                      ^^1 

causes  of,  :W 

Ostitis.  768                                                                   ^H 

}iu.tlNj|{)gie  auattioiy  of,  3-1 

chronic,  769                                                                   ^^^ 

Oltligat*.^  sa(*r<»[>liyt<.>  and  i»arii«JteB,  216 

condensing,  770                                                         ^^H 

Obstructiuri.  iiiteslinal  rj75 

deformans,  771                                                      ^^^^B 

of  bronchi,  484 

OvarifH,                                                                 ^^^^H 

f>bst motive  thixjnibus,  C2 

abfjt-ncv  of,  717                                                 ^^^^H 

nduiiLiiJt»irH  '"i^y 

active  hyperemia  of,  717                                  ^^^^1 

Odoiitoma,  l.SH,  54D 

adcuiK'yntonia  of,  719                                           ^^^^H 

Ovdcina  ex  vacuo,  Oo 

oirrinonmta  of,  722                                               ^^^^^| 

Oiditim  albicaus.  :i07,  5i0 

eliondromala  ot,  719                                           ^^^^^1 

nUgemia,  377 

coogt^nital  abnormalities  uf,  747                     ^^^^^1 

iHilfothnmiemja,  3S,3 

congcHtioii                                                            ^^^^^1 

(JliKwythemiu,  :iH:t,  31^5 

cysto-iidrnnnuv  of.  719                                       ^^^^^1 

Omentum,  dropsy  of,  ti29 

cv.'^tuma  of,  papillary,  720                               ^^^^^1 

Oophoritis^  718 

\HdIoid,  719                                                       ^^^^1 

chronic,  71H 

glandn  lar,  710                                                ^^^^^1 

Opisthorcbifi  felliieos,  361 

myxoid,  719                                                       ^^^^B 

novcrcw,  'MU 

dtrmoid  cysts  of.  701                                                ^^H 

aiiicusts,  :iii"J 

dcvetopmi'nt  and  anatomic  cojisidera*          ^^^^H 

Opaoiiing,  227 

^^^^H 

Optic  thalami,  807 

difilc3cation  uf,  717                                              ^^^^H 

Orchitis,  743 

fibroma  of,                                                            ^^^^H 

aiHite,  74  4 

fibrosa  re  uuiata  of,  719                                       ^^^^^1 

chronic,  714 

follicular  cysts  of,  719                                        ^^^^^1 

Organic  poinyns,  26 

liemorrhage>>  int^i,  717                                             ^^H 

t>rij5»nym    oil   for   clrartDjj    upccimeiis, 

bypoplaiiki  of.  717                                                       ^H 

my 

in  dam  mat  loll  of.  718                                                    ^H 

Oaroic  acid  for  tixing  and  hardening,  OOCJ 

myotlbromuta  of,  719                                                    ^H 

in  tipstie  esarni nation,  898 

passive  congestion  of,  717                                          ^H 

solution  for  tcaisini^^  H97 

ttroomii  of,  710                                                        ^H 

Osroosi**,  eiiCH|>«  i*f  fluid  bv,  64 

Bupeniumemry,  717                                             ^^^^H 

OasificHtion.  m 

tu  ben^u  his^i  s  o  f,  71 8                                              ^^^^H 

difft-ri^n  tint  ion  of,  from  caldflcation»  90 

tn  m  o rs  of,  710                                                     ^^^^H 

Ossifying  myositis,  788 

Overaction  of  heart,  etrect  of,  on  circnla*               ^^H 

pttcbymeningitis,  7tM 

tion,  40                                                                 ^1 

penoRlitifl,  768 

Ovcrfeecling,  etiect  of,  XS                                               ^H 

Oj^tt^o-arMirofrnthy,  hy}>ertrophic,  7^18 

Oviductjs..     See  Falfopmn  tubes.                                     ^^M 

*  h*t4>oc  ho n  d  rouj  a ,  Ifji J 

Oxalate  of  linn'  in  nriue,  600                                       ^^M 

o«te*icirt8tH,  rrn 

Oxalic  acid.  (HJisoning  by,  690                                     ^H 

Osteoid  clmndrifina,  156 

source  of,  in  urine,  44                                          ^^H 

sarcoma,  778 

Oxaluria,  44                                                               ^^^H 

Oiteoma,  157 

aiinientury,  44                                                      ^^^^H 

appearance  *»f,  157 

Oxidizing  fcmienla,  219                                         ^^^^H 

definition  of,  157 

Oxybntyrii-  acid  as  canse  of  actd>intozi-          ^^^^H 

don  ml,  158 

CHtioii,  37                                                         ^^M 

do  rum,  158 

Oxy pb  i  te  gniii u  1  es .  3*iO                                         ^^^^H 

lib  urn  cum.  158 

Oxyiiri!!  vermiciilaris.  351,  595                           ^^^^H 

etir>b>gy  of,  157 

Osff^na  syphilitica,  475                                         ^^^^H 

hctiro|i]astic,  158 

Ozena,                                                                        ^^^^H 

nalurt^  nf,  159 

^^^^H 

of  liniiTi,  84 i* 

P  ArcH  lo  N I A  N  bod  ies,  802                                  ^^^H 

of  longs  5.10 

Pticbydermia  laryngis,  477                                   ^^^^H 

of  mammary  gland,  750 

Pftcby meningitis.  703                                              ^^^^H 

of  muse  Irs,  7l^2 

cervical i«i,  861                                                        ^^^^1 

of  jdeura,  53!) 

external  tuberculous,  of  cord,  8<il                    ^^^^1 

of  tetstJcli?,  748 

hemorrhagic,  703                                               ^^^^H 

■eats  of,  158 

internal  herin>rrbagic,  of  cord.  861                 ^^^^H 

spongiosum,  158 

ofi8  i  f y  i  n  g,  794                                                     ^^^^H 

structure  of,  158 

prfj<1ncti%-e,  79^1                                                    ^^^^H 

(AstcomalttciA,  773 

Nupptirative,  704                                                   ^^^^H 

Ostef>myelitia,  414,  7fJ8 

Pancreas,  621                                                           ^^^^^| 

Osteophytes,  157 

amyloid  degeneration  of»  622                          ^^^^B 

OateojiorottiH,  iuHamrnatory.  770 

atrophy  of,  6^22                                                  ^^^H 

OBteo|J8athyrosis,  771 

I 

eareinonui  of.  625                                                         ^^H 
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Pancreas,  circulatory  distarbanoee  of,  621 

cirrhofiis  of,  624 

congenital  abnormalities  of,  621 

cysts  of,  626 

disease  of   islands  of   Langerfaans  in, 
623 

fat- necrosis  of,  623 

hematochromatosis  of,  622 

hemorrhage  in,  622 

hyperemia  of,  621 

inflammation  of,  623 

necrosis  of,  622 

parenchymatous  degeneration  of,  622 

pathologic  physiology  of  diseases  of, 
625 

pigmentation  of,  622 

relation  of,  to  diabetes,  42 

sarcoma  of,  626 

syphilis  of,  625 

tuberculosis  of,  625 

tumors  of,  625 
Pancreatic  acne,  627 

calculi,  627 

duct,  626 
dilatation  of,  626 
obstruction  of,  626 
Pancreatitis,  623 

acute  hemorrhagic,  623 
suppurative,  624 

chronic  indurative,  624 

necrotic,  624 
Pandemic  disease,  32 
Papillary  cystoma  of  ovary,  720 

tumors,  144 
Papuliferous  cystic  adenoma  of  kidney, 
670 

cystoma  of  testicle,  749 

cystomata,  209 
Papilloma,  167 

hard,  187 

of  bladder,  683 

of  Fallopiau  tubes,  728 

of  intestines.  591 

of  larynx,  479 

of  month.  548 

of  penis,  741 

of  vagina,  733 

soft,  187 
Papillomatous  tumors  of  vulva,  739 
Parachromophoric  bacteria,  222 
Paracolon  infection,  262 
Paradoxic  embolism,  57 
Paraffin  nu*tho<l  of  embedding,  902 
Paraplobnlin,  61 

Paragoninius  Westermanni,  363,  485,  533 
Panilysis,  general  progressive,  842 
Paramecium  coli,  337 
Parametritis,  703 
Paniphimosis,  740 
Panisit^js,  216 

animal,  .'i*25 

niollus<um  contagiosum  and,  337 

embolism  by,  57 

in  eti»)lo>iy  of  disease,  32 

of  blood,  396 

of  bone,  778 

of  bronchi,  485 


Parasites  of  heart,  447 
of  intestine,  594 
of  kidney,  t>73 
of  larynx,  480 
of  liver,  615 
of  lungs,  513 
of  lymphatic  vessels,  473 
of  malaria,  331 
of  nasal  cavities,  476 
of  pericardium,  452 
of  peritoneum,  634 
of  pleura,  540 
of  spleen,  403 
of  thyroid  gland,  640 
of  ureter,  GTl 
of  uterus,  716 
staining  of,  921 
vegetable,  31,  395 
Parasitic  disease,  definition  of,  32 
stomatitis,  546 

theory  as  to  origin  of  carcinoma,  139, 
194 
Paratyphoid  infection,  262 
intestinal  lesions  in,  263 
nature  of,  263 
Parenchyma-poisons,  26 
Parenchymatous      cells,       proliferative 
changes  in,  116 
degeneration,  70.      See  Cloudy  twdling. 
of  heart,  430 
of  kidney,  664 
of  liver,  601 
of  muscles,  790 
of  pancreas,  622 
encephalitis,  838 
glossitis,  545 
goiter,  636 
hemorrhage,  53 
hepatitis,  604 
inflammation,  117,  123 
nephritis,  649 
acute,  650 
chronic,  653 
neuritis,  895 
Paroophoron,  717 
Parotitis,  556 
Parovarium,  717 

cysts  of,  722 
Paroxysmal  hemoglobinuria,  688 
Passive  hyperemia,  51 
Pathologic  anatomy,  definition  of,  17 
chemistry,  definition  of,  17 
technique,  897 
animal  parasites,  922 
clearing  and  mounting,  909 
decalcification,  900 
embedding,  902 
examination  of  fresh  specimens,  897 

of  spescial  tissues,  910 
fixing  and  hardening,  898.      See  also 

Tissue. 
gross  i)athologic  specimens,  921 
stains,  905 

steps  for  treating  sections,  910 
Pathology,  definition  of,  17 
general,  17 
special,  366 
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PiituLoiis  ductus  BoUtIi,  418 

Peripheral  nervous  system,  88B 

Pi'arl  dis<?a8«n  tTT? 

Periproctitis,  584 

Pi.iv1s.>f  kidney,  fiT4 

PeriprostJfctitis.  750 

nik'uhm  in,  t574 

Ptsrispknitiacartilaifine*,  402 

iuflatunjatiuu  of,  b75 

Perithelioma,  172,  18U                                                       ' 

nialformivlioti  of,  *j74 

Peritoiieoni,  tj27 

tuberculdsia  of,  676 

carcinoma  of,  634 

tumoni  of,  677 

circuluttiry  disturbances  of,  627 

Peiii»,  740 

cou^e rii tai  abn t) r mtil i t i en  o f ,  627 

Jiujfiomft  of.  742 

dropay  of,  fi28 

carcitmma  of,  741 

echmoccMscuB  eyat»  of,  634 

coDdylcima  jiruiniuatijai,  741 

fibroma tA  of,  633 

coufetiiul  a bii4>rrou titles  uf,  740 

heinorrliago  of,  027 

cysts  of.  741 

hyperemia  of,  627 

inflammation  of,  «2J).    So«  PtriUmiiiM, 

epithelioma  of,  741 

fibroma  of.  74*2 

lipomata  of,  6aa 

iudjiiumatiou  of,  740 

pftnuiteAof,  634 

iiijiirit's  of,  74iJ 

liarcoma  of,  633 

li puma  of,  742 

tuborcuiosis  of,  633 

pttjuUinjui  i<  74'i 

tumors  of,  633 

luberculdstft  (*f,  724 

Peritonitift,  621^ 

tumors  of,  741 

ftCQte  general,  631 

Ptuk•au^iJ^  685 

localized,  630 

Peptic  uk'cr  of  iateatine,  SflO 

chronic,  02, 

of  »toim4cU»  564 

hemorrhagic,  631 

Pel  I  tone,  formiitioo  of,  38 

idiopathic,  62© 

Iiol8<JiiinK  by,  :iO 

miero-orjtntJiama  of,  630 

Pt'ptouuria.  m 

perfi*nitive,  6:10 

Perfumtive  |Hintuiiitis,  631} 

Peritrichoua  bacteria,  216 

P^mngiocolitiH.  rM>w 

Periiyphlitic  aliscess,  583 

Periarteritis,  455 

Perityphlitis,  581 

nodosa,  i'jG 

PeHnrctliral  ahflceaa,  694 

IVrihronchia^l  fibroufl  poeamoni»,  511 

Periviwcular  tlhnms  pneumonia,  5U 

Peribronchitis,  4*1 

PerniciouM  anemia,  animnl  parasite  of,  340 

Perieawlitis,  448 

Pea  cftleanens,  779 

ivsrtociated  conditions  of,  451 

equinufl,  779 

dry.  148 

valgus,  77^                                                         ^^^H 

(Ibrinouit  448 

Tains,  779                                                        ^^^H 

UL^morrhagic,  450 

Petech]]^  deflnition  of,  55                                 ^^^H 

int'crnii  et  externa,  452 

Pfeiflrer-Gruber-I>urham      phenomeuoni              ^H 

pa  ml  cut,  450 

238                                                                 ■ 

Berotibriiioiir^,  140 

Pfeiffer's   phenomeiioti,   explaaatiou   of,                ^H 

teriijiiiutions*  iif,  AT^\ 

230                                                                      ■ 

Pericardium.  416.  447,  450 

Phagedenic  uker,  121                                                 ■ 

acttn<MuyL'fvsia,  of,  452 

uioeratioii  of  cenrix  uteri,  706                            ^H 

bemorriiages  in,  448 

Phftgocyt«9, 226                                                         ^H 

hypermiiiii  of,  UH 
inflAfnmHtion  n(\  448 

Phagoc>^osis,  226                                              ^^^H 

Pharyngitis,  catarrhul,  550                              ^^^H 

pttrasites  of,  452 

chronic,  550                                                    ^^^H 

syplitlis  of,  452 

phlegmonous,  551                                         ^^^^H 

tubtTL'ulosi*  of,  452, 

peeudomembmnouK.  551                                 ^^^H 

tumorg  of.  452 

Pharyngomycnsis  leptothrici^  306,  555           ^^^H 

Perichondritis  of  larynx,  477 

Pbaryux,  anenijjt  of,  550                                     ^^^H 

Perihepatitis*,  WJ9 

diphtheria  of.  554                                               ^^^H 

hyperplastic,  l>32 

edema  of,  550                                                           ^H 

Perilymphangitis.  514 

^binder*  of,  555                                                 ^^^M 

PerimaHtiti.^.  756 

hemorrhages  of,  550                                        ^^^H 

PLTimetritis,  7m 

hypertmiia  of,  550                                            ^^^H 

Perinephritis,  648 

intlfimmation  of,  550                                         ^^^^H 

Peri-orchitis,  745 

lepni  of,  .555                                                          ^^^H 

prolifera.  745 

preMs u  re-  n <^^ rosis  of,  553                                 ^^^H 

Periosteal  «illu«*  765 

syphilid  of.  555                                                     ^^^H 

Per  lost  itjj^,  7*»7 

t u U' IT \M\mH  of,  555                                           ^^^H 

ossifying,  768 

Uimorf  of,  555                                                    ^^^H 

porn  lent,  7ti8 

Phlmotd«,  740                                                    ^^^H 

simple,  7CT 

PblebectatiiA,  470                                                ^^H 

syphilitica  776 

PhlebcHStatic  elephantiasis,  470                         ^^H 
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Phlebitis,  468 
acute,  468 
chronic,  468 
Phleboliths,  64,  468 
Phlebosclerosis,  468 
Phlegmon.  121 
Phlegmonous  cystitis,  680 
eeophagitis,  558 
iufliEimmation,  121 

of  vulva,  738 
pharyngitis,  551 
stomatitis,  544 
tonsillitis,  552,  553 
Phlogogenic  bacterial  proteins,  218 
Phloridzin-glycosuria,  41 
Phopalocephalus  carcinomatosus,  140 
Phosphates  in  urine,  690 
Phospbatic  calculi,  682 
Phospbaturia,  44 
Phosphoric  acid,  excessive  formation  of, 

in  body,  37,  43 
Phosphorus,  poisonous  action  of,  27 
Photogenesis,  222 
Phragmodiothrix,  214 
Phthisis,  fibroid,  522 
Physometra,  701 
Pia  mater,  cerebral.  796 
anemia  of,  796 
cholesteatomata  of,  803 
edema  of,  796 
endothelioma  of,  802 
hemorrhages  of,  796 
hyperemia  of,  796 
inflammation  of,  797 
lipoma  of,  803 
syphilis  of,  802 
teratomata  of,  804 
spinal,  862 
calcareous  infiltration  of,  862 
hyperemia  of,  862 
inflammation  of.  863 
syphilis  of.  863 
tulMTculosis  of,  863 
Pick-.Tacobsohn's  contrast  stain,  929 
Pick's  method  for  staining  gross  patho- 
logic specimens,  922 
Picrotrarmin.  906 
Pigmen  tilt  ion.  90 

by  cutuneous  absorption,  92 

by  foreign  btnliea,  90 

by  hemoglobin-derivatives,  92 

by  salts  of  silver,  91 

from  the  exterior,  90 

hematogenous,  92 

hepatogenous,  95 

local,  9:i 

metabolic.  95 

of  bone-marrow,  413 

of  choroid  plexus,  852 

of  intestines,  577 

of  liver,  r»00 

of  lymphatic  glands,  405 

of  mucosa  of  stomach,  566 

of  nerve-cell.  Hi 8 

of  pancreas,  622 

of  red  blood-corpuscle,  374 

of  spinal  pia,  863 


Pigmentation  of  spleen,  402 
of  suprarenal  bodies,  643 
Pigment-building  cells,  95 
Pigmented  sarcoma,  174 
Pigmeut-metastases.  94 
Pineal  gland,  807,  860 
Pin-worm,  351 

Piorkowski's  urin-gelatin,  926 
Pirosoma  bigeminum,  334 
Pituitary  body,  856 
adenoma  of,  859 
amyloid  degeneration  of,  858 
colloid  degeneration  of,  856 
cysts  of,  859 
hemorrhage  into,  858 
hyperemia  of,  858 
hypertrophy  of,  857 
inflammation  of,  858 
lymphosarcoma  of,  850 
relation  of,  to  acromegaly,  859 
sarcoma,  of.  859 
softening  of,  858 
syphilis  of,  858 
tuberculosis  of,  858 
tumors  of,  858 
Placenta,  T33 
abnormal  development  of,  734 
hemorrhage  into,  735 
inflammation  of,  735 
preevia,  734 
succenturiata,  734 
syphilis  of,  736 
tuberculosis  of,  736 
Placental  infarcts,  735 

polyps.  736 
Placentitis.  735 
Planococcus,  213 
Planosarcina,  213 
Plaques  jaunes,  81?? 
Plasma  of  blood,  366,  371 

pathologic  changes  in,  375 
Plasma-cells,  113 
Plasmodium  malarife,  331, 332 
pnecox,  331,  3:12 
vivax,  331 
Plate  cultures  of   anaerobic  bacteria.  934 
Plehn's  method  of  staining  parasites,  921 
Plethora.  376 
apocoptica,  376 
hydremica,  377 
vera,  376 
Pleum,  533 
circulatory  disturbances  of,  534 
inflammation  of,  535 
parasites  of,  540 
passive  hyperemia  of,  534 
petechial  hemorrhages  of.  534 
syphilis  of.  539 
tuberculosis  of,  53J> 
tumors  of,  539 
Pleurisy,  535.     See  Plnwitis. 

bread-and-butter,  536 
Pleuritis,  535 
fibrinous.  .536 
hemorrhagic.  537 
purulent,  537 
serofibrinous,  537 
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Pkurogciiic  fibrous  pnt?itmotijii,  511 

Poisons,  organic,  26 

pDt-uTDoina,  4Wi 

pare ni'h yum-,  2$ 

piirukiit  piieiiniouiii,  514 

Pular  birtlv  slain,  1)29 

I'leiiform  JLUgiosurcomu,  17'i 

Held.  121> 

neunmia,   1^:5 

Bf^Mjre,  214 

PiieurnuHJiiji,  iJs6                                                ' 

Poliomyelitis,  arute  anterior,  877 

PiiLMiiiHU'iM  rnH,  248 

ehronic  anlerior,  885 

a«  CBU^  of  iiifltfcminmtion,  256 

Polyebolia,  tt21 

Pneumuiiia^  497 

Poly e h runiat oph i \ ia,  374 

alba.  512,  528 

Polycythemia,  IMl 

aspiriiti^ni',  .^Ki,  SOti 

with  elironic  eyauosiH  and  enlargi^ 

«itafrhal.5<ri 

Bpleeii*  :S8tl 

cheesy.  4^7 

Polymastia.  755 

OOng«aitJil  sjphiUtk,  5P2 

Polyniorpbonuclear  Ieuki»cyte8,  388 

iToiip<)U«,    248,  497.       See    PneHnn)HM^ 

Polymorphous  heredity,  3y 

JibriHGwt. 

Puly  my  ostitis,  787 

hactermUgy  of.  248 

secondary  acute,  791 

\ 

d<?Kliititiori-,  50:j 

Polvneiiriti^.  8f»5 

• 

diaik«ius,  514 

Polynuclear  leukocytes,  368 

Hbrinuus,  li+T 

PolyiMiid  Lkvationji  of  gtoma^-h,  577 

as8«>eiated  leaiuiia  in,  501 

gmwlliH  uf  bhiddt  r.  *i«:t 

► 

etUtUt^y  of,  4!rr 

outgrowths  from  tooth-pulji,  549 

1 

patliologic  »u»t/jniy  of,  498 

tum^irs.  144 

1 

physiology  of.  5«i 

polyps,  miiial,  475 

stiige  of  cotJgiHitJoii  or  LMigorgement, 

uf  uterus,  731 

i 

Am 

sarcomatous,  713                                             1 

of  couMklidntioii  or  htspattjcatioti, 

plttcenlal,  T^il 

1 

4m 

Polyuria^  (>84 

of  resolution  io,  .tOO 

Pol  y  va  len  t  m  ni .  24 1 

uousqhI  tertutiiatiotis  id,  501 

Pons,  anatomy  of.  807 

oaual  charactera  of,  500 

Porencephaly,  824 

fibrous,  509 

Pork,  nieiiijled,  343                                                  ' 

1 

peribroiichjaK511 

ta(>e-svorni,  3-12 

perivascular,  511 

PcjTCH  ephalus  f  •instrictiH.  365 

pleurogenic,  511 

Portal  vein*  embfilism  and  thrombosia  of,          i 

»econdary»  511 

'm                                                            1 

hema(o««?iik%  41>7 

Port-wine  stainn,  liK>                                              i 

hyiKjKUitic,  5n:i,  5m 

Posterior  hi  lerosis  of  spinal  cord,  879                  1 

lobar.  A\n.     See  Paettsnonia,  jihrittotiit. 

Postbitis,  740 

lobular,  5<J2 

Post -ui  or  tern  alterations,  IM 
cin-ula(ury  phenomena,  106 

I 

iDiiiraos,  4t>H 

orjpinismH  in,  251 

degen*,^nitifpn  of  tissues.  lOfi 

pleur^jgeiiic,  4^7 

li villi  ty,  4l> 

produetive,  HOW 

PutasHium  acetate  in  tissue  examiuatiou. 

purulent,  512 

sm 

brouchogeuie,  512 

ehloratej  jwifioniog  by,  30 

hematogenic.  513 

ferro*  yanid  method  for  demonstrating          ' 

pleuregeoic.  5U 

iron  111  tissue,  912 

tubt^rciilous.  252,  507 

hydrate  in  tissue  examimition,  898 

Pijf^uiiionir  ttiberciilosis.  507 

Potjfctr*  e  X  t  rac  t  as  c  li  1 1  u  re  -  in  rt  1  i  ii  n  l  925 

PoeuinniKikoiiiosia,  JJO,  fiOiJ 

meflium,  solid,  pre|H*ratioii  of,  925 

PrHnnioTinmycosis  a*spergillina,  284,  5:j;j 

Precipitin,  239 

PiniaiMtjM  riettrdiuiu,  152 

1  *  red  i  ?-posi  n  g  eau  S4S  of  d  i  sease ,  1 8 

PfKiiioiJi>yoperie4inliijiu,  15^1 

PrediH]Hisition  lu  disease,  IH 

Piieuiuothonix,  5;i4 

Pregnancy,  abdominal,  731 

Poikilm:yto«is,  3TA 

estni-i/terine,  72f>                                                  i 

Poiaons,  action  of,  in  general,  24 

interstitial,  729 

blood-,  29 

lubiih  729                                                                1 

eluslficiition  of,  25 

Prepuce,  coueretioiia  under,  742 

1 

inrtaiumatiou  of,  740 

1 

effect  of,  25 

Prewun^.  e fleet  of,  on  tiiwues,  19 

elimination  of,  25 

Pressure- myelitis,  87i> 

fate  of,  after  ingestion,  24 

Prcssure-nccroHis  of  pharyui,  553 

immunity  to,  25 

Primary  anciniaa,  '.iS6                                            | 

in  etiology  of  disease,  24 

gangrene,  103 

necrosis  from,  97 

Prmri^sses    of     nerve-cell,     dcgenerarive 

1 
t 

nervfs-,  30 

changes  in.  814 

J 

* 
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Proctitis,  582 

Productive  inflammation,  123 

myositis,  chronic,  788 

pachymeningitis,  794 

pneumonia,  509 
Progressive  muscular  atrophy,  789 

pernicious  anemia,  1^88 

spinal  muscular  atrophy,  885 

tissue-changes,  134 
Projection-fibers  of  brain,  706 
Prolapse  of  rectum,  577 

of  uterus,  699 

of  vaginal  walls,  731 
Proliferation-cysts,  208 
Proliferative  cystomata,  208 
Prosencephalon,  805 
Prostate  gland,  750 
abscess  of,  750 
atrophy  of,  751 
carcinoma  of,  754 
concretions  in,  751 
cysts  of,  754 

fatty  degeneration  of,  751 
hypertrophy  of,  751 
inflammation  of,  750 
sarcoma  uf,  754 
tuberculosis  of,  751 
Prostatitis,  750 

phlegmonous,  750 

simple,  750 

suppurative,  750 
Proteins  produced  by  bacteria,  218 
Proteolytic  ferments,  219 
Proteus  infection,  321 
Prothrombin,  conversion  of,  into  throm- 
bin, 61 
Protozoa,  325 

classification,  325 
Psammoma,  89.  177 
Psammoma- bodies,  89,  720 
Pseudarth roses,  766 
Pseudodichotomy  of  bacteria,  216 
Pseudodiphtheria  bacillus,  254 
Pseudohypertrophic   muscular    atrophy, 

790 
Pseudoleukemia,  162,  165,  394 

cutis,  178 

infantum,  395 
Pseudomembranous  cystitis,  680 

enteritis,  580 

esophagi tis,  557 

fibrinous  infiammation  from  diphtheria 
bacillus,  255 

gastritis.  .')G1 

pharyngitis,  551 

stomatitis,  544 

vaginitis.  732 
Pseudonionas,  213 
Pseudoniuciu,  84 
PscudophiMns,  136.     See  Twnora. 
Psi'udotrichinosis.  788 
Pseudotuberculosis,  284 
Psorospermia*.  335 

in  livor,  <)15 

in  i>olvis  of  kidney,  677 
Psychrophilii!  bacteria,  217 
Ptomaius,  poisoning  by,  31 


Puerperal  infections  of  uterus,  707 
etiology  of,  707 
pathologic  anatomy  of,  708 
Pulmonary  artery,  stenosis  and  atresia 
of,  417 

infarcts,  59 
Pulsion-diverticula  of  esophagus,  558 
Punctate  cerebral  hemorrhage,  ^1 
Purulent  arthritis,  781 

lymphangitis,  514 

myelitis,  hematogenous,  874 

pericarditis,  450 

periostitis,  768 

pleuritis,  537 

pneumonia,  512 

vaginitis  testis,  746 
Pustule,  malignant,  291 
Putrefaction,  218 
Pyelitis,  648,  675 
Pyelonephritis,  675 

suppurative,  652 
Pyemia,  224 

Pykuomorphous  state,  817 
Pyknosis,  105 
Pylephlebitis,  599 
Pyocyanose,  229 
Pyogenic  albumosuria,  687 

bacterial  proteins,  218 

membrane,  121 
Pyoid  marrow,  414 
Pyonephrosis,  676 
I^orrhcEa  alveolaris,  544 
Pyosalpinx,  727 
Pyothorax,  537 
Pyramidal  tract,  degeneration  of.  834 

Quartan  fever,  331,  332 
Quinsy,  552,  553 

Babies,  bacteriology  of,  319 
Racemose  adenoma,  190 

cysticerci,  343 
Rachitic  rosary,  763 
Rachitis,  762  * 
Rainey's  tubes,  1536 
Ran  u  la,  548 
Ranulse,  207 
Ray  fungus,  298 

Reabsori>tion  of  amyloid  substance,  80 
Rectocelc,  700 

vaginal,  731 
Rectum,  inflammation  of,  584 

prolapse  of,  577 
Recurrent  fibroid  tumor,  169 
Recurring  appendicitis,  583 
Red  atrophy  of  liver,  597 

blood-c'orpusclea,   '.iGl^,      See  Blood-cor- 
puscle. 
nucleated.  .373 

granular  kidney,  656 

hepatization  of  lung,  499 

softening  of  bniin,  836 
Reducible  hernia,  575 
Regeneration,  128 

definition  and  etiology  of.  128 

normal,  128,  129 

of  adi|)ose  tissue,  132 
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Bi^genemtiou  of  bono,  764 

Sacxjular  aneurysm,  462,  463 

of  curtilage  aud  bono,  132 

bronchiectasis,  485 

of  fibroas  cuuiiective  tiHsuea,  130 

Safranin,  907 

of  glandular  organs,  VSS 

Sago  spleen,  804 

of  muscle  tiasue.  1^ 

Salivary  duets,  concretions  in,  557 

of  norves,  891 

cystic  dilatation  of,  557 

of  norvoUii  tistiue,  133 

diHoaitoei  of,  55*J 

palholoiEic,  129 

fi«tnhp,  556 

atmtonty  of,  129 

glanils^  iiillammatioa  of,  55G 

libysiivlnK.v,  133 

tnmora  of.  556 

RoUnwiiiK  :*|i|Jtiididti8,  583 

Solpingitiri,  725 

fevor.  Mi 

acut4?,  725 

chronic,  1«5 

chronic,  727 

fiemoti^  heredity.  IS 

diphtheritic,  ?26 

Henal  calculi,  *]74 

Banarelli's  bacillus,  315 

"rt^u;'a2 

Sapr^mia,  224 

satid,  «74 

Saprophytes,  216 

Rep  rod  tic  the  organ?',  diseasca  of,  697         | 

ftftrcina,  213 

Reaoluliou  after  JuJamtimtion,  127 

SarcinBP  ventriculi,  568 

Rf-sipiratury  system,  diaeaaea  of,  474 

^arcodina,  325 

Rt'U»nt  ion -trysts,  21)7 

Sarcolactic  acid,  excessiv©  formation  of, 

Rc'tina,  giionm  of,  182 

in  body,  37 

Retrofleximi  of  uterus,  689 

Sarcoma,  mi 

R*trognide  rhaiig*^,  l.*J4 

alveolar,  171 

emlMiliHni,  Mi 

animal  parasite  of,  340 

Retrojifrofwivtj  procoaaoi*,  US 

ft  ppea  ranee.*?  of,  liW 

R«tro|HirltoiieaI  hernia,  574 

hloo<l- vessels  uf,  1(>8 

Ri-'tru pharyngeal  ub-ieoss,  551 

giant-celled,  175 

Rtitro-uterinu  tiomatrM'eU%  7U3 

myeloid.  177 

Rhflbditifurm  Isitxw,  :J5o 

nature  of,  169 

Rhahdomyoiim,  l^Ml 

of  bone,  777 

of  myfttilcii,  71(2 

of  brain,  848 

of  tetlicle.  74« 

of  cervix  uteri,  713 

RhabdotnytWRrcoma  of  kidney,  670 

of  dura  mater  of  cord,  862 

Rbiichiachisis,  810 

of  Fallopian  tnlies,  7:i9 

Rbouiuati^fni,  bacteriology  of,  323 

of  intestines,  591 

Rhoumatoid  arthritts^  781 

of  kidney,  669 

RhiuitH,  at'uto,  474 

of  liver,  ni2 

atrophies,  475 

of  luugH,  531 

chronic,  475 

of  lympbiitic  g]and,  412 

diphthoritic,  475 

of  mammary  gland,  759 

Rhinolithi*,  476 

of  month.  54 « 

Rhin«>!*clert(nm,  252 

of  ttuiftcles,  7U2 

ftffectioiiH  uf  nasal  cavities  in,  475 

1      of  nerve,  Hfwj 

Rhisopoda,  :{25 

of  ovarii?s,  719 

RicC'Wat«r  Btools  of  <^hok*ni»  586 

of  pancreas,  62J» 

Ricin,  |>oi zoning  by,  2H 

of  peritoneum,  633 

Rickets,  7»i2 

of  pituitary  body,  859 

congenital,  7*U 

of  pleura,  539 

Rigor  mortis.  UMi 

of  prosl4ile,  754 

Ring  bmlies  in  erythro<jyt<5a,  374 

of  opinal  cord,  HS9 

Romanowsky'a  tnt^tboil  of  staining  piara- 

of  spleen,  403 

sit43H,  921 

of  .stomucb,  oiiS 

Round  ulc&r  of  stomach,  5*H 

of  suprarenal  bodies,  644 

Round-cell  infiltration,  115 

of  testicle,  748 

RouniJ-i^elled  sarcoma,  170 

of  thymus  gland,  415 

Ron  ml -worm  a,  a^O 

of  thyroid  gland.  640 

Ronx'8  mothodof  cultivating  anaerobic 

of  tooth -pulp,  549 

bacteria,  t*34 

of  urethra,  tJ97 

RulH?ola,  317.     Si*e  Mea^ei. 

of  uterus,  713 

Rnpttirw  of  bladder,  678 

of  vagiua,  733 

orintfsliitcs.  595 

II f  vnlvH,  739 

of  liver,  610 

osteoid,  77H 

of  litems,  702 

pigmented,  174 

RuiHeirfl  fiichfiiii  bodies,  examiDadoii  of, 

round-celled,  170 

^^^                      913 

Aeats  of,  l«a 
spiudle'celled,  KiO 
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Sarcoma,  stractore  of,  168 
Sarcomatofiis,  167 
Sarcomatous  cylindromata,  173 

polype  of  uterus,  713 
Sarcosporidia,  336 

Saturated  solution  of  eosin,  alcoholic,  for 
differential  staining,  906 
watery,  for   differential  staining, 
908 
Scarlatina.    See  Scarlet  fever. 
Scarlet  fever,  animal  parasite  of,  340 

bacterium  of,  318 
Schaudinu    and  Hoffhian^s  method   for 
staining  spirochseta  pallida,  930 
Schistosomum  cattoi,  363 
hematohium,  362,  616 

in  kidney,  673 
japonicum,  363 
Schoffer's  method  of  decalcifying,  901 
Schi^eniuow*s  method  of  demonstrating 
minute  calcareous  infiltrations, 
902 
Scirrhous  carcinoma,  203 
Sclerosis  of  brain,  atrophic,  823 
diffuse,  822 
disseminated,  823 
hypertrophic,  824 
lobar,  843 
multiple,  843 
of  spinal   cord,  amyotrophic    lateral, 
884 
combined,  885 
posterior,  879 
Scrofula,  408 
Scrotum,  740 
cysts  of,  741 
elephantiasis  of,  741 
epithelioma  of,  741 
Seat-worms,  'Xtl 
Secondary  anemia,  384 
gangrene,  102 
thrombus,  (U 
Segmentation,  indirect,  129 

of  filwrs  of  heart.  434 
Seminal  vesicli\s,  754 

diseases  of,  755 
Senile  arthritis,  781 
atrophy  of  uterus,  710 
emphyscina  of  lungs,  494 
Septic  endocarditis,  423,  424 
Septicemia,  224 

hemorrhiigic,  organisms  of.  126 
Sequestrum.  762 
Serofibrino»is  pi* ri carditis,  449 

pleuritis,  537 
Serous  arthritis,  781 
inflammation,  117 
myositis,  787 
vaginitis  testis,  745 
Serpents,  venom  of,  poisoning  by,  29 
Serpiginous  ulcer,  121 

hypertonicity  of,  376 
Serum -agar,  preparation  of,  926 
Serum uria,  C^7 
Shadow  corpuscles,  374 
"Shaven -beard  "  appearance,  588 
Siderosis,  91,  511 


Siderous  pigments,  92 

Silver-salts,  pigmentation  by,  91 

Skin,  effect  of  x-rays  on,  24 

Small-pox,  animal  parasite  of,  338 

Smegma  iMtcillus,  281 

Sodium  hydrate  in  tissue  examiiuition, 

898 
Soft  chancre,  314 
papilloma,  181 
Softening  cysts,  208 
Special  pathology,  366 

definition  of,  17 
Spermatocele,  749 
Sphacelinic  acid,  28 
Sphacelus,  104 
Spina  bifida,  867 
Spinal  cord,  861 
abnormal  smallneas  of,  866 
anatomy  of,  864 
anemia  of,  871 
aneurysms  of,  871 

cord,  blood-vessels  of,  degeneration  of 
walls  of,  871 
carcinoma  of,  889 
cysts  of,  889 

degenerations  of,  secondary  887 
development  of,  804 
double,  866 
glioma  of.  889 
hyperemia  of,  871 
inflammations  of,  873 
primary  degenerations  of,  879 
sarcoma  of,  889 

sclerosis  of,  amyotrophic  lateral,  884 
combined,  885 
posterior,  879 
total  absence  of,  866 
tumors  of,  889 
unusual  length  of,  886 
varicose  veins  of,  872 
white  matter  of,  degeneration  of,  886 
ganglia,  disease  of,  890 
Spindle-celled  sarcoma,  169 
Spindle-shaped  aneurysm,  462 
Spirillacese,  213 
Spirillum,  213 
Berolinensis,  269 
cholerae  Asiaticce,  266 

pathogenicity  of,  267 
Metschnikowi,  269 
of  Finkler  and  Prior.  269 
tyrogenicum,  269 
Spirochffita,  213 
Ol>ermeieri,  303 
pallida,  308 
methods  for  staining,  930 
Spirosoma,  213 
Splanchnoptosis,  567 
Spleen,  396 
abnormal  development  and  situation 

of,  397 
abscess  of,  399 

amyloid  degeneration  of,  402 
anemia  of,  397 
angioma  of,  403 
atrophy  of,  401 
calcification  of,  402 
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Spleen  p  carcinoma  uf,  403 

Stenofiia  of  vagina,  731 

chronic  liyperpliisin  nf,  400 

Htercoral  typhlitis,  r»81 

infljinimaticm  i^f,  4t)0 

Stimulation  forms  of  Torek.  3fi9 

circulatory  diKturbauci^H  in,  3!C 

S  to  ui ju- 1 1 ,  ad e  1 1  LK'arc  i  n  o  i  ua  of,  572 

congest  in  11  of,  397 

adeuomatou»  proliferation  of  glands  of, 

cysts  of,  403 

5tJ9 

embolbiii  of,  398 

alteration  in  position  of,  567 

endothi^^liiiuia  of,  40:{ 

amyloid  degt^neration  of  tiubmucoj^  of, 

heinorrhiigej*  in,  3!iH 

.Vi7 

hyaline  ^IcMciic rut iu  11  of^  402 

anemia  of.  TrfJO 

hy[>eromia  of,  3J)7 

authnix  of,  5<jH 

infectious  liist-iis***  of,  403 

atrophy  uf,  5<»ti 

iuftatnniation  of.  WS 

calcification  of  mucosa  of,  567 

lympbadenonia  of,  402 

carcinoma  of,  i>uy 

movable,  3!»7 

eircuhitory  disturbiucea  of,  560 

jKinisites  of,  4*t2 

col  I  in  d  cancer  of,  572                                        1 

jiatbol<);iiti  physiology  of,  386 

congenital  deftets  of,  5(10 

]ii|^iuenrati(Hi  of,  AiH 

cylindrical  cancer  of,  572 

fiarcoum  of,  40;i 

deMeneration  of  mucous  membrane  of, 

ftypliiliHof,  40;i 

5«6 

throuibosiii  of,  3IW 

dilatiition  of,  5«7                                               i 

tubcrcultisia  of,  403 

atonic,  56H                                                       | 

tumors  of,  402 

di^iplaceinetitfi  of,  5*37 

Splf  nt?mia»  392 

fatty  degeneration  of  cells  of,  56ti 

Sfilcnic  anemia.  386,  401 

gnstric  ulcer  of,  564                                          i 

fever,  mi 

hemorrhage  of,  560                                           j 

Htonea.  MH 

hyperemia  of,  560 

SpleuitiM,  3sW 

infectious  diseases  of,  568                               | 

circumscribed,  399 

inflammation  of,  579 

diffu^%  398 

of  mncos'i  of,  561 

«IK>doge»ious,  40*i 

malignant  adenoma  of,  572                            ' 

Spletiizatiim  of  lunji'tissue,  489,  496 

jHiptic  nicer  of,  r>fjl                                          * 

Splenomcjijaly,  401 

pigmentation  of  mucrisa  of,  566 

S]j4>dop«nnuK  HpleiiiliH,  4<>i 

polyrMiid  elevations  of,  5(iH 

S|niOKi<»bla.st«,  MU 

round  ulcer  of,  5til 

8|j<jre-cyiitH,  130 

noft^iiiing  of  walls  of,  fS67 

*SporiM*  of  bacteria,  214 

Bqnamoua  cancer  of,  572                                 - 

staining  of,  929 

syphilitic  gummata  of,  508 

Spomztia,  32.^ 

thrush  of,  5*i8 

in  birds,  \\U 

taberenliju»  nieeration  of,  568 

in  cold'bltKjded  niiinml,  334 

tumors  of,  568 

S({iiani«jus  canct^r  of  stomach,  572 

Stomatitis.  542 

epitliolioma,  2fJl 

aphthous,  543 

Stain,   diiTfreiitial,   for    diphtheria    and 

associated  couditioua  in,  545 

p«eudodiphtheHa  bacillus,  92© 

catarrhal,  542 

Stain iMjf  of  bacteria,  027 

Kan RTc lions,  545 

Stainn,  tKB 

lenkemic,  547                                                     | 

auiiin,  HOT 

para^iitic,  .5^1*i 

contrast,  Pick-Jacobsobo's,  1»29 

phlegmoRoua,  544 

differential,  [KB 

pa«adomem  bra  nous,  544 

nuclear,  iKT* 

ulcerative,  543 

Staph ylo«!occ us  epidermidis  albaa,  242 

Stone-particles,  pjgraentation  by.  91 

pyo|r«iie^  albns,  242 

Strangulated  hernia,  B75 

aureus,  2l<» 

Strangulation,  internal^  of  intestine*,  575 

citrius,  242,  323 

Stratified  thrombi,  62 

flavus.  :J23 

Streptococci  in  kidney,  673 

^_^             Starvation,  'i't 

Strep  toe*  KcoK,  213,  240 

H              Stasis  of  blmHl,  51 

intracellulariH  meningitidis,  244 

^m            Stauby^dlen,  'm\ 

pncnmoniie  sen  la  n  ceo  la  t  us,  24S 

^m           St«*ap9iu,  im 

pyogenes  a'i  eanse  of  iii^ttmmatiou,  255 

^H            StCKomyia  faAciata,  316 

sou  erysip^datifi,  242 

^m           Stenosis  of  biliary  ducts,  618 

Strepl^Koccns- toxin,  243 

^H                 Q  f  eH<  1  pliuf; u  t,  5r>h 

9tr**ptothri3E,  213 

^H                of  Fulkipi»n  tube^,  724 

Madnne,  :i<rj 

^H                 of  *ieart-valvet«,  427 

Stricture  of  urethra,  695 

^B                of  intestines,  573 

syphilitic,  591 

^H                of  nterus,  701 

Stroke  cultnrcjS  on  agar  plates,  932 

1 
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Strongyloid  larvae,  355 
Strongyloides  intestinalis,  355 
StTOtigylus  apri,  360,  533 

subtilis,  3()0 
Struma,  636.    Soo  Ooiter, 
aberrata  suprareualis,  669 
adenomatosa,  637 
Strumitis,  acute,  636 
suppurative,  636 
Sublimate  solution  for  fixing  and  harden- 
ing, 899 
Submucous  abscess  of  intestine,  580 

fibroids,  711 
Subperitoneal  fibroids,  711 
Substantia  nigra,  807 
Substantial  emphysema  of  lungs,  492 
Suctoria,  325 

Sudan  111.  for  examining  fat  tissue,  912 
Suffocation,  23 
Suffhsion,  definition  of,  55 
Sugar  in  blood,  40 

in  urine,  40 
Sugar-free  agar,  preparation  of,  925 
Suggillation,  definition  of,  55 
Sulphate  of  copper,  poisoning  by,  26 
Sulphates  in  urine,  CSI2 
Sulphuric  acid,  excessive  formation  of,  in 
body,  37 
poisoning  by,  26 
Supernumerary  ovaries,  717 
Suppurative  bacterial  diseases,  240 
cholangitis,  617 
encephalitis,  840 
enteritis,  580 

infiamniation,  119, 121,  122,  123 
lymphadenitis,  407 
myositis,  787 

chronic,  787 
nephritis,  652 
neuritis,  895 
pachymeningitis,  794 
pyelonephritis,  652 
Suprarenal  IxKfies,  642 
accessory,  642 
adenoma  of,  644 
amyloid  degeneration  of,  643 
carcinoma  of.  644 
congenital  abnormalities  of,  642 
fatty  degeneration  of,  642 
general  eflects  of  diseases  of,  644 
glioma  of,  643 
hemorrhage  from,  643 
inflammation  of,  644 
neuroma  of,  644 
pigmentation  of,  643 
sarcoma  of,  643 
syphilis  of,  64.'i 
tuberculosis  of,  643 
tumors  of,  644 
Surra,  organism  of,  329 
Sympathetic   nervous    system,   develop- 
ment of,  K06 
Syncytial  tissue.  1(>4.  206 
Syncytioma  malignum,  206 
Syncytium,  207,  734 
Synovitis  pannosa,  782 
Syphilis,  ;«)H 


Syphilis,  congenital,  314 

of  arachnoid  and  pia,  802 

of  arteries,  460 
of  brain,  827 

of  bone,  776 

of  brain,  846 

of  bronchi,  485 

of  dura  mater,  794 
of  cord,  862 

of  esophagus,  559 

of  Fallopian  tubes,  728 

of  heart,  447 

of  intestines,  590 

of  joints,  785 

of  kidney.  669 

of  larynx,  478 

of  liver,  610 

of  lungs,  527 

of  lymphatic  glands,  410 
vessels,  472 

of  mammary  gland,  757 

of  mouth,  547 

of  muscles,  792 

of  nasal  cavities,  475 

of  nerves,  895 

of  pancreas,  625 

of  pericardium,  452 

of  phar>'nx,  555 

of  pia  and  arachnoid  of  cord,  863 

of  pituitary  binly,  858 

of  placenta,  736 

of  pleura,  539 

of  spleen,  403 

of  suprarenal  bodies,  643 

of  testicle,  747 

of  thymus  gland,  415 

of  thyroid  gland,  639 

of  tongue,  547 

of  trachea,  481 

of  urethra,  697 

of  uterus,  710 

of  vagina,  733 

of  vulva,  739 

secondary  lesions  of,  311 

tertiary  lesions  of.  310,  313 
Syphilitic  bubo,  31 1 

gumniata  of  stomach,  568 

periostitis,  776 

pneumonia,  congenital,  512 
•stricture,  591 
Syphilomata,  311 
Syringomyelia,  868 

Tabes  dorsalis,  879 

mesenterica,  410 
Tien  i  a  echinococcus,  346 

elliptica,  346 

floropunctata,  «M6 

sagiuata,  344 

solium.  342 
Tape-worms,  .'540 

adult  state.  340 

beef.  :J44 

biology.  340 

dwarf,  345 

larval  state.  340 

pathologic  physiology,  342 
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I             Tape-worms,  pork,  342 

Thrombogen,  61                                                 ^^^H 

■              Ttetb.  aflectioDS  of,  548 

Thrombokitiaae,  61                                             ^^^H 

H              Te  111  [iv  m  1 11  re .  h  igh ,  e ffec  t  of,  30 

Thrombophlebitis,  468                                        ^^^H 

H              Teutioii-shfstt  liH,  iTiflaiiiiuatiou  of,  785 

Thrombosis,  59                                                            ^1 

^              TenosjuovJtis,  7H5 

bacteria  in  blood  in,  60                                            ^H 

gtiiiorrbenl,  <JS».j 

ferment-,  60                                                                  ^M 

Teratomap  2m 

of  bone,  767                                                                ^H 

of  pin  aiid  anichiioid,  804 

of  brain,  74n                                                             H 

Tertian  feviar,  Xil 

of  cavities  of  heart,  420                                           ■ 

Testicle.^,  74:> 

of  coronary  lirlcry,  421                                              ^M 

adenoma  of,  748 

of  inte^tities,  57 H                                                        ^M 

adenosarconia  of,  74H 

of  kidney,  648                                                                H 

atheromatouji  eyst  of,  750 

of  liver.  5«8                                                              ■ 

ati'upby  of,  742 

of  muscles.  786                                                       H 

benign  fungus  of,  744 

of  spleen,  3&8                                                             ■ 

cakifit-atJoti  of,  743 

of  thoracic  duet,  4T3                                               H 

CATi'iriomaof,  748 

Thrombuii,  lateral,  62                                                    H 

CB^Heutiou  of,  74'i 

obs^tructive,  62                                                             ^M 

rhoiidrocarcinoma  of,  74!) 

primary,  62                                                               ^M 

chondroma  of,  748 

secondary,  62                                                           ^| 

coii^eiiUal  Hbuormalitics  of,  742 

Thrush,  307,  546                                                             H 

cyKtfi  of,  74*J 

of  esoploigus,  550                                                          ^M 

dermoid  cysts  of,  750 

of  Btorna^di,  56B                                                              ^M 

echiriococ€tiH  cysts  of,  730 

Thyme  oil  for  clearing  gpecimena,  009                      H 

fatty  degeneration  of,  743 

Thy  ni  n s  g  1  and ,  d  iftCia8e >t  of,  4 1 5                                  ■ 

fibroma  of,  74H 

Thrroid  dUeaae.  general  rcanlla  of,  tHO                     ■ 

hyiK'r<iniift  of,  743 

gland,  635                                                                      ■ 

iiyiM*rtropby  of,  743 

iiiflauimatioQ  of,  743.     See  Orckiiia. 

ab^ce»9  of,  636                                                         B 

actinomycods  of,  639                                          ^^1 

lejimof,  748 

adenoma  of,  610                                                       ^M 

toyxoma  of,  74H 

anatomic  couxiderationgr  B35                              ^H 

iiiyxomatoua  degeneration  of,  743 

ciircinoma  of.  640                                         ^^^H 

os't^'oma  of,  748 

circtilutory  disturbances  in,  635                ^^^H 

{iapilliferouR  cystoma  of^  749 

congenital  defects  of,  tl35                             ^^^^| 

rhabdomyoma' of,  74S 

general  n^J^ultK  of  disease  of,  640               ^^^H 

aarcoDm  of.  74  H                                              i 

hypt^remiu  of.  6:{5                                           ^^^H 
intlaniniation  of,  636                                     ^^^^^ 

syphilis*  of,  747 

By  phi  H  t  i  c  f  11 11 K  us  of,  748 

sarcoom  of,  iW)                                                     ^H 

tyb^rculosiJioC  746 

syphilis  of,  im^                                                       ^M 

to  mors  of,  748 

tuber^'uloNis  of,  U:m                                              ^H 

Tetanolysin.  21>7 

tumors  of,  mu                                                      ■ 

Tetano^pasmiu,  297 

TisiiUe,  amyloid,  examination  of.  912                        ^B 

Tetanus  295 

attaching  pnrmtliu  st  ctions  of,  t^  sUdeft,                ^M 

antitoxin  of,  297 

rapid  method,  y03                                   ■ 

t>a4'illus  of,  2&5 

slow  methtMl,  003                                       H 

Texas  fever  of  cattle,  3:i4 

clearing  of,  90[J                                                       ^H 

Thalamencepbalon,  B05 

cutting  celloiditi  bloekn  of,  904                        ,^^^M 

Thermopbilin  bacteria,  217 

paralUn  blocks  of,  IMXi                                ^^^M 

Thiimin  pUeniqtie,  !K)9 

serial  sections  of,  in  celloiditi,  904             ^^^H 

Btaiu  for  amyloid  tissue,  913 

decAk ideation  of,  900                                      ^^^H 

Thkithrix,  211 

ehujtic,  exam i nation  of,  911                            ^^^H 

—^              Third  veotricle  of  brain,  ^)7 

embedd  i ng  of,  902                                              ^^^H 

B             Thoma  method  of  decalcify itiR,  901 

fnt.  examination  of,  Oil                                    ^^^^| 

H             Thoracic  duct,  diH^-aJies*  of,  473 

fixing  and  harrlening  of,  696                           ^^^H 

■             Thrombi,  ball,  *i2 

fresh,  chemical  agenta  in  examination               ^H 

H                catcifieatioo  of,  64 

of,  697                                                            ■ 

■                canalixattonof,  64 

exam i nation  of,  897                                    ^^^H 

^m                deK^neratioti  of,  63 

sectioning  of,  897                                         ^^^H 

^^          hyaliue,  61,  82 

teasing  of,  h97                                             ^^^H 

^^K         marantic,  60 

glycogen,  examination  of,  913                              ^H 

^^H        organization  of,  m 

hyaline,  examination  of,  913                                  ^H 

^^^"         patholoiric  ftn*itomy  of.  61 

mounting  of,  909                                                ^^^H 

V               pumlcmt  Hofrening  of,  63 

blocks  of.  902                                                 ^^H 

■                simpieAoftening  of,  63 

serial  aections  of,  903                                  ^^^^H 

■                fftratlfled,  62 

m  ucous,  e  xam  i  ti  at  i  o  n  of,  9 1 1                         ^^^H 

■             Thrombin,  61 

nervous,  examination  of,  914                         ^^^H 

■             Thrombo-arteritis,  456 

special,  examination  of,  910                            ^^^M 
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Tinue.  staining  of.  905 
TisAue-changes,  progreaBiye,  134 
Tiiwue-destruction,  exi^esaive,  :i5 
Tissue-elasticity,  decreased,  as  cause  of 

edema,  tio 
Tissues,  degenerative  changes  in,  116 

posl -mortem  degeneration  of,  106 
Toadstools,  poisoning  by,  3D 
Tongue,  actinomycosis  of,  547 

furring  of,  bi'-d 

geographical,  542 

nigrities  of.  &45 

syphilis  of,  547 

tuberculosis  of,  546 
Tonsil,  abscess  of,  553 

hypertrophy  of,  553 
Tonsillitis,  552 

catarrhal,  552 

follicular,  562 

lacunar,  552 

phlegmonous,  552,  553 
Tophi  of  gout,  40 
Toxalbumins,  220 

from  plants,  poisoning  by,  28 
Toxic  products  of  bacteria,  action  of,  29 

effects  of,  223 
Toxin  of  diphtheria,  256 
Toxin-immunity,  229 
Toxins,  220 
Toxophore  group,  233 
Trachea,  480 

circulatory  disturbances,  480 

inflammations  of,  480 

malformations  of,  480 

syphilis  of,  481 

tuberculosis  of,  481 

tumors  of,  481 
Traction-diverticula  of  esophagus,  S'>8 
Transplantation  of  tissue,  138 

of  tumors,  139.  145 
Traumatic  hemorrhage,  54 

theory  of  cause  of  carcinoma,  193 
Traumatism  in  etiology  of  disease,  19 
Troniatcides,  3<i0 
Treponema  pallidum,  310 
Trichina,  examination  for,  922 

in  larynx.  4H0 
Trichiniasis,  352 
Trichinella  spiralis,  352 
Trichloracetic  acid  for  decalcifying,  901 
Trichobacteria,  215 
Triehocephaliis  trichiurus,  356 
Trichomonas  caudata,  328 

elongata,  328 

flagellata,  328 

intestinalis.  328 

vaginalis,  328 
Trilocular  heart,  417 
True  hypertrophy,  1.35 

neuroma,  18.3 
Trypanosoma  Gambiense,  330 
Trviwinosonie,  329 

BnuM'i.  329 

equiperdimi,  329 

evjinsi.  329 

Lewis! ,  :^29 

rougeti,  329 


'  Trypanosome  transmission,  330 
Tubal  abortion,  730 

pregnancy,  729 
Tube-cast  in  nephritis.  659 
Tubercle-bacilli,  Weichselbaum's  methot 

of  staining,  928 
Tubercle-bacillus,  avian,  271 

bovine,  271 

human,  270 

lymphoid,  277 

miliary,  275 

staining  of,  in  tissue,  931 

structure  avd  evolution  of,  276 

toxic  properties  of,  282 
Tubercula  dolorosa,  185 
Tubercular  leprosy,  285 
Tuberculin  of  Koch,  282 
Tuberculosis,  270 

acute  pneumonic,  513 

avian,  283 

bacillus  of.  270 

bronchogenic,  517 

chronic  pneumonic,  520 

fowl-,  283 

gallinarum,  283 

hematogenic,  524 

latent,  282 

lymphogenic,  527 

miliary,  280 

of  arteries,  460 

of  bladder,  681 

of  bone,  774 

of  brain,  846 

of  bronchi,  485 

of  choroid  plexus,  851 

of  dura  mater,  794 
of  cord,  861 

of  epididymis,  746 

of  esophagus.  559 

of  Fallopian  tubes,  727 

of  heart,  447 

of  intestine,  589 

of  joints,  784 

of  kidney,  668 

of  larynx,  478 

of  liver,  610 

of  lungs,  515 

bronchogenic,  515 

of  lymphatic  glands,  408 

of  lymphatics,  472 

of  mammarj-  gland.  757 

of  mouth,  546 

of  muscle,  791 

of  nasal  cavities,  475 

of  nerves.  89r> 

of  ovary,  718 

of  pancreas.  624 

of  pelvis  of  kidney,  676 

of  i>enis,  741 

of  ))ericardium,  452 

of  peritoneum,  633 

of  pharynx.  5,55 

of  pia  and  arachnoid  of  cord,  863 

of  pituitary  body,  8,')8 

of  placenta,  730 

of  pleura,  .5.39 

of  prostate,  751 
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Tubercalosis  of  seminal  vesicles,  755 

of  spleen,  403 

of  suprarenal  bodies,  643 

of  testicle,  74« 

of  thoracic  duct,  473 

of  thymus  gland,  415 

of  thyroid  gland,  G39 

of  tongue,  54G 

of  trachea,  481 

of  urethra,  697 

of  uterus,  709 

of  vagina,  Zi3 

of  vas  deferens,  747 

of  veins,  471 

of  vulva,  739 

pneumonic.  518 

relations  of  human  to  animal,  274 

seats  of,  2H0 
Tuberculous  meningitis,  800 

pneumonia,  '2.Vi,  507 

ulceration  of  stomach.  568 
Tubo-ovarian  cy^ts.  729 
Tubular  adenoma,  190 
Tumor-dvHcrasia,  194 
Tumors.  136 

benign.  145 

central  proliferation  of,  145 

circumscribed,  143 

classification  of,  145 

dendritic.  143 

ctiolog>'  of.  1:57 

fungiform.  143 

fungoid.  143 

histologip  examination  of,  142 

infiltrating.  143 

malignant.  145.  3^1 

metastasis  of,  139,  145 

mixed.  156,  177 

numN*r  of.  144 

of  arachnoid  and  pia.  802 

of  biliary  <lurts,  62<i 

i»f  bladder.  f>$3 

of  b(»ne.  777 

of  brain.  **47 

of  bronchi.  I^<> 

of  chonMd  plexus.  852 

of  dura  mater.  795 
of  conl.  rt**2 

of  esophairuH.  559 

of  F'allopian  tulxr"*,  7i8 

of  g^ll-bladd«-r.  6Jf) 

of  h«-art.  U7 

of  intestine,  591 

of  joint-*.  7<i 

of  kidiK-y.  W9 

of  kir>-nx.  t7!^ 

of  liv«-r.  61J 

of  Inns'i.  5:U) 

of  lymphatif  glandfi.  411 
ve^M-U.  172 

of  mammary  jrland.  758 

of  mouth.  51- 

of  muv-le*.  Tlfi 

of  nasal  '-avifi^r^.  475 

of  n#-rv*-«.  -f#; 

of  ovari»*».  719 

of  pancreas.  #?i5 


Tuberculosis  of  pelvis  of  kidney,  677 

of  penis,  720 

of  ]>ericardium,  452 

of  |)eritoneum,  633 

of  pharynx,  555 

of  pituitary  Ixnly,  858 

of  ph>ura,  6.39 

of  salivary  glands,  556 

of  sitminal  vesicles,  755 

of  spinal  cord,  889 

of  spleen,  402 

of  stomach,  568 

of  suprarenal  bodies,  644 

of  teeth.  549 

of  testicle,  748 

of  thoracic  duct,  478 

of  thymus  gland,  415 

of  thyroid  gland,  640 

of  trachea,  481 

of  ureter,  677 

of  urethra,  697 

of  uterus,  711 

of  vagina.  733 

of  veins,  471 

of  vulva,  739 

papillary,  144 

polyi)oid,  144 

transplantation  of,  139,  145 

verm  cose,  144 
Turck's  stimulation  forms,  369 
Typhase,  229 
Typhlitis,  581 

st«'rcoral,  581 
Typhoid  fever.  256,  587 
Iwcillus  of,  257 
and  colon  liacillus,  differentiation, 
257 
amplications  of,  5h8 
ulceration  in,  559 
Typhus  fcvt-r,  liacteriology  of,  319 

ict4rroid«*s.  315 

recur  reus.  .'J03 
Tyroma.  nit- ningcal,  801 
Tynisin  in  urin**.  TfT,  692 
TyrotTixicon,  31 

UlX'KK,   121 
indolent.  121 
p«'ptic.  of  intcMtines,  580 

of  stoniuch,  122 
p«'rfo rati  tig.  of  Unit  in  tal>es,  122 
phagcdenir.  121 
s*Tpiifinons.  121 
Uleeration  of  iiit«'stin<*s,  582 

typhoid.  .Vi9 
l.*lc«-nitiv«-  dyjM  iit^TV.  5h6 
endo<-arditis.  A'Si\.  421 
♦•*r,p}iH'.ritiH,  .'i.V< 
I      ga-»friti-.  5<;i 
"tomatiti^.  543 
T'Wr^  <,f  hroiM-hi,  524 
=  Ch-ij.,  «'X  diu'*'*tion»-.  5*»1 

rnibilir:tl  rord.  sihiioniialities  of.  7tJ4 
i  v#-l:irii»-iitou^  iii-*«rtioTi  of.  734 

I  l'n*inari;«  Arn»  ri'-ana.  rj-M 

l'ncinari.'i-»i-.  •*'>:; 
I  Unna'-.alkalin**  m*thyl«;n#-->,\u<:stain,fl08 
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Unna's    method    of    examining  clastic 
tissue,  911 

polychrome  methylenc-blue,  906 
Urate  of  sodium  deposit  in  tissues,  90 
Urates  in  urine,  K91 
Uratic  iiitiltration,  90 
Urea,  formation  of,  'M\ 
Un»mia  from  nephritis,  663 
Ureter.  674 

dilatation  of.  674 

influnimation  of,  676 

malformations  of.  674 

obstructions  of.  674 

parasites  of.  677 

tamors  of.  km 
Ureteritis,  ^176 
Urethra,  693 

carcinoma  of,  697 

conf^cnital  abnormalities  of,  693 

cysts  of,  «>})7 

inflammation  of,  6*93 

iiyuries  of,  696 

sarcoma  of,  (>!)7 

stricture  of,  695 

tuberculosis  of,  697 

tumors  of,  697 
Urethritis,  693 

anterior,  694 

associated  lesions  of,  694 

gonorrheal,  696 

IK)8terior,  695 
Uric  acid  calculi,  681 

crystals  in  urine,  690 
excretion  of,  in  gout,  39 
formation  of,  38 
Urinary  bladder.     See  Bladder. 

calculi.  681 
results  of.  692 

organs,  congenital  anomalies  of,  645 
Urine,  abnurnial  conditions  of,  684 

nnurba  in,  327 

bacteria  in,  ()89 

bilirubin  in,  602 

carbonates  in,  6f>2 

cercomonas  hominis  in,  327 

chemic  changes  in.  690 

cbolesterin  in,  692 

color  of.  6s4 

cystin  in.  6J)2 

fat -crystals  in.  692 

hippuric  sicid  in,  691 

in  nephritis.  659 

indigo  in,  692 

leucin  in.  6J»2 

oxalate  of  lime  in,  690 

phosphates  in.  690 

quantity  of,  681 

reaction  of.  685 

sediments  of,  6f>0 

specific  gravity  of.  684 

sulphates  in.  6J^2 

tyros  in  in,  692 

urates  in,  691 

uric  acid  crystals  in,  690 

xanthin  in,  6i)2 
Uriniferons  tubules,  concretions   in,   668 
Urobilinuria,  686 


Uterus,  697 
adenoma  of,  713 

malignant,  713 
amyloid  degeneration  of,  710 
anteflexion  of,  699 
anteversion  of,  699 
bicornis,  698 
carcinoma  of,  713 
congenital  abnormalities  of,  61^ 
cysts  of,  716 
dilatation  of.  701 
erosioiis  of,  70(> 
fatty  degeneration  of,  710 
fibroid  of,  711 

lM)lyps  of,  71 1 
firtalis  sen  infantilis,  698 
hemorrhages  of,  703 
hyperemia  of,  702 
hyi)erpla.sia  of  mucous  membrane  ot 

710 
hypertrophy  of,  710 
hypoplasia  of,  (^ 
inflammation  of,  703 
inversion  of.  701 
lateral  displacements  of,  699 
leiomyoma  of,  711 
myofibroma  of,  711 
parasites  of.  716 
polyps  of.  71 1 
prolapse  of,  699 
puerperal  atrophy  of,  710 

infections  of,  707 
retroflexion,  699 
rupture  of,  702 
sarcoma  of,  713 
senile  atrophy  of,  710 
septus,  698 
stenosis  of,  701 
syphilis  of,  710 
tuberculosis  of,  709 
tumors  of,  711 
unicornis.  699 
upwanl  dislocation  of,  699 

Vaccinia.  319 

bacteria  causing,  338 

cytophusmic  cycle  of.  339 
Vaoiolation  of  red  bloo<l-cor])uscle,  374 
Vacuolization  of  nerve-cell.  818 
Vagina,  731 

carcinoma  of,  733 

circulatory  disturbances  of,  732 

cysts  (»f,  7:« 

fibroma  of,  733 

hypc'roniia  of,  732 

inflammation  of,  732.     See  Vaginitu. 

myofibroma  of,  7^J2 

pjipilloma  of,  732 

sarcoma  of. 733 

stenosis  of,  731 

syphilis  of,  73:{ 

tuberculosis  of.  733 

tumors  of.  1'.^ 
Vaginal  cystocele.  730 

rectocele.  730 

wall,  prolapse  of,  730 
wounds  and  fistulse  of,  730 
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Vn^iiiitis,  T32 

Vulva,  kraurosis;  of,  733                                    ^^^H 

uvutL'  catarrluil.  T3ii 

f!  brom  a  of,  7tii^                                                ^^^H 

cliroiiic  catarrlml,  732 

flbroniyxoma  of.  738                                         ^^^H 

exfoliative,  73i 

garig^rcnt'  of.  73^                                                   ^^^H 

pseuflimiem  bra  nous,  732 

hematoma  of.  738                                                ^^^H 

testis.  713,  745 

hi^pcremia  of,  738                                                 ^^^H 

htiuorrhaKit^,  74*1 

inHauiuiatiou  of.  738                                       ^^^H 

puniliiit,  74+> 

lipotiia  i*f,  739                                                            ^H 

gfrotibriiKUiji,  745 

myotibnmia  uf,  71VA                                                    ^M 

stnm.'*.  745 

papi  1 1 0 ma tou s  t ii mo rs  of,  7^^9                                   H 

Vnlviikr  dffott^  418 

sareoiiia  of.  7'Mi                                                          H 

Vrtij  Giesoii'ii  stain,  90S 

syjdiilU  of,  739                                                             ■ 

Viiricella,  aiiiiiml  pamsite  of,  340 

tuln-rcuU»Hift  of.  739                                                      ■ 

VuriciHt?  aoeurysia.  4K7 

tumors  of,  739                                                               H 

v*^iiij*  of  s[>iiial  conl,  872 

wounds  of,  738                                                            H 

Varii'tisity,  470 

Vulvitis  7W                                                                  ■ 

Viiriok.  :iH» 

^^^M 

bacteria  aiiisiiig,  338 

Wabt,  tt^                                                       ^^M 

eytf*|ilai*mic  cycle  of.  33f* 

venereal,  1H7                                                      ^^^H 

Vas  di'fert'ii^.  iufljmiiuHtion  ni,  746 

Waxy  castii  in  nepliritis,  650                                ^^H 

tubertuloriii^  of,  747 

Wcigert'rt     inetbod     for     demonstrating                 ^M 

Va-Hcular  jjoitcr,  fi3H 

in  y  1'  I  i  u  -sh  eaths,  1*1 4                                  ^^^H 

theories  of  iiifiamniatioii,  IOk 

of  exiimiiiinj^  elnatiu  tissue,  fill                 ^^^H 

tifMueifi,  phetioiiRMiuof  ititluJxituutiuiJ  in. 

iibriu,  910                                                   ^^H 

117b 

Wens,  207                                                               ^^M 

Veins,  4«i7 

Wbip'Woruj.  Xi^                                                            ■ 

calrificjition  of.  468 

White  blood -curpuseles,  30t».     Sec  Ltuko-                 fl 

dilatation  of.  4*i9 

cyi^.                                                                   H 

fatty  Jfgetip  rat  ion  of,  468 

infarct,  TiH                                                                    ■ 

inHammatimi  *>!.  MIS 

nuttter  of  <M>rd.  degeneratiou  of,  886                      H 

tuberculoHis  c*f.  471, 

SI  if  le  ft  i  M  K  o  f  1>  rai  u ,  73f  i                                              ^^ 

tumors  of.  47t) 

Whoopiuii-cuugh,  bacteriology  of,  318                 ^^^| 

VciU-atOHt'rt,  4(*!^ 

Widal  reaction,  ti60                                                ^^H 

Veiicrcikl  wan.  187 

as  pcrforu>ed  ut  Pepper  Laboratory,         ^^^H 

Venom  *if  «ciiitMiti»,  poisoaiug  by,  2f» 

^^M 

Vf  nous  bt'iuorrhage,  52 

Wool'^rter^'  diiieaae.  W\                                     ^^^B 

hyt»«;rt"ra!a.  51 

Worms,  Jluke-,  360                                                  ^^^H 

Vvutrkular  s^ptnui,  dt^focts  of,  418 

rouud-,  :r)()                                                           ^^^H 

Vt^'Trurtise  eudcwurdlitiis,  4^:1,  4'i4 

ta^ie-,  340                                                            ^^H 

tumors,  144 

Wounds,  repair  of.  VIA                                                ^| 

Vesica  b i par t i t is,  n^i 

Wright  s  metbmi    for  ctjltivatiug  anae-                ■ 

W-wifUlar  emphysseiua  of  lotig>j,  492 

rohic  bacteria,  934                                          B 
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•-SAUNDERS'  IMPRINT  ENSURES  SUCCESS,'* 

^^HAT  the  degree  of  excellence  obtained  by  the  Saunders 
publications  is  a  high  one  is  evidenced  by  the  fact  that 
in  every  one  of  the  190  Medical  Colleges  in  the  United 
States  and  Canada,  Saunders*  text-books  are  used  as  reci- 
tation books  or  books  of  reference.  In  the  list  of  recom- 
mended books  published  by  172  of  these  colleges  (the  other 
18  colleges  do  not  publish  such  lists)  Saynders'  books  are 
menttoned  2895  times.  These  figures  really  mean  that 
in  each  of  the  medical  colleges  in  this  country  an  average 
of  i6|  of  the  teaching  books  employed  are  publications 
issued  by  W.  B.  Saunders  Company, 

A  Complele  Catalogue  ot  our  Publicationt  will  be  Sent  up^n  Re<|u«fl^ 


SAUNDERS'  BOOKS  ON 


Ashton's 
Practice  of  Gynecology 


The  Practice  of  Gynecology.  By  W.  Easterly  Ashton,  M.  D.. 
LL.D.,  Professor  of  Gynecology  in  the  Medico-Chirurgical  College, 
Philadelphia.  Handsome  octavo  volume  of  1079  P^^s»  containing  1046 
original  line  drawings.     Cloth,  ^16.50  net;  Half  Morocco,  ^7.50  net. 

JUST  ISSUED— NEW  (2d)  EDITION 

Two  large  editions  of  Dr.  Ashton*  s  practical  work  have  been  required  in  six 
months.  The  author  takes  up  each  procedure  necessary  to  gynecologic  work 
step  by  step,  the  student  being  led  from  one  step  to  another,  just  as  in  studying 
any  non-medical  subject,  the  minutest  detail  being  explained  in  language  that 
cannot  fail  to  be  understood  even  at  first  reading.  Nothing  is  left  to  be  taken  for 
granted,  the  author  not  only  telling  his  readers  in  every  instance  what  should  be 
done,  but  also  precisely  how  to  do  it.  A  distincdy  original  feature  of  the  book  is 
the  illustrations,  numbering  over  one  thousand  line  drawings  made  especially 
under  the  author's  personal  supervision  from  actual  apparatus,  living  models,  and 
dissections  on  the  cadaver.  These  line  drawings  show  in  detail  the  procedures 
and  operations  without  obscuring  their  purpose  by  unnecessary  and  unimportant 
anatomic  surroundings,  thus  enabling  the  student  to  see  at  a  glance  the  exact 
method  employed.  All  the  methods,  tests,  etc.,  discussed  have  been  carefully 
verified  by  the  author  so  as  to  assure  their  value  and  accuracy.  Definite  and 
precise  instructions  are  given  as  to  how  to  preserve  specimens  of  morbid  tissue 
and  secretions,  and  how  to  deliver  them  in  good  condition  to  the  pathologist. 

Howard  A.  Kelly,  M.  D. 

Professor  of  Gynecology,  Johns  Hopkins  University 

"  It  is  different  from  anything  that  has  as  yet  appeared.  The  illustrations  are  particularly 
clear  and  satisfactory.  One  specially  good  feature  is  the  pains  with  which  you  describe  so 
many  details  so  often  left  to  the  imagination." 

Charles  B.  Penrose,  M.  D. 

Formerly  Professor  of  Gynecology  in  the  University  of  Pennsylvania 

"  I  know  of  no  book  that  goes  so  thoroughly  and  satisfactorily  into  all  the  details  of  every- 
thing connected  with  the  subject.     In  this  respect  your  book  differs  from  the  others." 

George  M.  Edebohls,  M.  D. 

Professor  of  Diseases  of  IVamen,  New  York  Post- Graduate  Medical  School 
"A  text-book  most  admirably  adapted  to  te<ich  gynecology  to  those  who  must  get  thdr 
knowledge,  even  to  the  minutest  and  most  elementary  details,  from  books.** 


DISEASES   OF   WOMEN, 


HirstV 
Diseases  of  Women 


A  Text-Book  of  Diseases  of  Women.  By  Bakton  Cooke  Hirst, 
M.  D.,  Professor  of  Obstetrics,  University  of  Pennsylvania ;  Gynecolo- 
gist to  the  Howard,  the  Orthopedic,  and  the  Philadelphia  Hospitals. 
Octavo  pf  74S  pages,  with  701  original  illustrations,  many  in  colors^ 
Cloth,  is, 00  net. 

JUST     ISSUED  —  NEW    f2d)    EDITION 
WITW  701  ORIGINAL  ILLUSTRATIOIfS 

The  new  edition  of  this  work  has  just  been  issued  after  a  careful  revision. 
As  diagnosis  and  treatment  are  of  the  g^reatest  importafjce  in  considering  diseases 
of  women,  particular  attention  has  been  devoted  to  these  divisions.  To  this  end, 
also,  the  work  has  been  maji^nificently  ilium  incited  with  701  illustrations,  for  the 
most  part  original  photo^^raphs  and  water-colors  of  actual  clinical  cases  accumu- 
lated during  the  past  fifteen  years.  The  paUiative  treatment,  as  well  as  the 
radical  operative,  is  fully  described,  enabling  the  general  practitioner  to  treat 
many  of  his  own  patients  without  referring  them  to  a  specialist.  An  entire  sec- 
tion is  devoted  to  r  full  description  of  all  modern  g)  necologic  operations,  ilJumi' 
nated  and  elucidated  by  numerous  photographs.  The  author's  extensive  ex* 
perience  renders  Jiis  work  of  unusual  value. 


OPINIONS  OF  THE  MEDICAL  PRESS 


MedicAl  Record,  N«w  York 

"  lis  merits  can  be  appreciaied  only  by  a  careful  peru&aL  ,  ,  ,  Nearly  ont*  hundred  pages 
are  devoted  to  tecbnic,  this  chapter  being  in  some  respects  superior  to  the  descriptions  in 
many  other  text-  boks." 

Eoiton  Mediciil  and  Surgical  Jotiraal 

"TTie  author  has  given  speciiil  attention  to  diagnosis  and  ireatment  throughout  the  book, 
and  has  produced  a  prLicticn)  treatise  which  should  be  of  the  greatest  value  to  tJie  student,  the 
general  ptrnc  tit  loner,  and  the  specialist/' 

Medk&t  Newt,  New  York 

"Ofhce  treutmenl  is  given  a  due  amount  of  consideration,  so  that  the  work  will  be  \A 
useful  to  the  non-operator  its  to  the  specialist." 


ik 


SAUNDERSr  BOOKS  ON 


Hirst's 
Text-Book  of  Obstetrics 

Fourth  Edition,  Thoroughly  Revised  and  Enlarged 


A  Text-Book  of  Obstetrics.  By  Barton  Cooke  Hirst,  M.D^ 
Professor  of  Obstetrics  in  the  University  of  Pennsylvania.  Handsome 
octavo,  899  pages,  with  746  illustrations,  39  of  them  in  colors.  Cloth, 
$5.00  net ;  Sheep  or  Half  Morocco,  |i6.oo  net. 

RCCCNTLY  ISSUED 

Immediately  on  its  publication  this  work  took  its  place  as  the  leading  text-book 
on  the  subject.  Both  in  this  country  and  in  England  it  is  recognized  as  the  most 
satisfactorily  written  and  clearly  illustrated  work  on  obstetrics  in  the  language. 
The  illustrations  form  one  of  the  features  of  the  book.  They  are  numerous  and 
the  most  of  them  are  original.  In  this  edition  the  book  has  been  thoroughly  revised. 
More  attention  has  been  given  to  the  diseases  of  the  genital  organs  associated  with 
or  following  childbirth.  Many  of  the  old  illustrations  have  been  replaced  by  better 
ones,  and  there  have  been  added  a  number  entirely  new.  The  work  treats  the 
subject  from  a  clinical  standpoint. 


OPINIONS  OP  THE  MEDICAL  PRESS 


Bfitfth  Medical  Journal 

"  The  popularity  of  American  text-books  in  this  country  is  one  of  the  features  of  recent 
years.  The  popularity  is  probably  chiefly  due  to  the  great  superiority  of  their  illustrations 
over  those  of  the  English  text-books.  The  illustrations  in  Dr.  Hirst's  volume  are  far  more 
numerous  and  far  better  executed,  and  therefore  more  instructive,  than  those  commonly 
found  in  the  works  of  writers  on  obstetrics  in  our  own  country." 

Bulletin  of  Johni  Hopkins  Hospital 

"The  work  is  an  admirable  one  in  every  sense  of  the  word,  concisely  but  comprehensively 
written." 

The  Medical  Record,  New  York 

"The  illustrations  are  numerous  and  are  works  of  art,  many  of  them  appearing  for  the  first 
time.  The  authors  style,  though  condensed,  is  singularly  clear,  so  that  it  is  never  necessary 
to  re-read  a  sentence  in  order  to  grasp  the  meaning.  As  a  true  model  of  what  a  modern  text- 
book on  obstetrics  should  be,  we  feel  justified  in  affirming  that  Dr.  Hirst's  book  is  without  a 
rival." 


OBSTETRICS. 


Webster's 
Text-Book  of   Gynecology 

With  BeaiitiM  Illtistrattons 

A  Text-Book  of  Gynecology.  By  J.  Clarence  Webster,  M.  D. 
(Edin.),  Y.  R.  C.  p.  E.,  Professor  of  Gynecology  and  Obstetrics  in  Rush 
Medical  College,  in  Affiliation  with  the  University  of  Chicago  ;  Obstetri- 
cian and  Gynecologist  to  the  Presbyterian  Hospital,  Chicago.  Large 
octavo  volume  of  800  pages,  with  350  magnificent  illustrations,  nearly 
all  original 

READY  VERY   SCK>N— FOR  THE  PRACTITIONER 

This  entirely  new  work  on  diseases  of  women  is  based  on  Dr.  Webster's 
extended  clinical  experience,  and  unusual  prominence  is  given  to  the  scienti- 
fic basis  of  each  subject  under  consideration.  Special  endeavor  has  been  made 
to  include  all  the  important  original  investigations  of  recent  years,  so  that  the  work 
represents  the  present-day  knowledge  upon  a  subject  of  the  greatest  importance  to 
every  practitioner.  Indeed,  Dr.  Webster  has  written  this  work  especially  for  the 
general  practitioner,  discussing  the  clinical  featvires  of  the  subject  in  their  widest 
relations  to  general  practice  rather  than  from  the  standpoint  of  specialism.  The 
magnificent  illustrations,  some  three  hundred  and  fifty  in  number,  are  nearly  all  orig- 
inal. Drawn  by  expert  anatomic  artists  under  DrAVebster's  direct  supervision^  they 
portray  the  anatomy  of  the  parts  and  the  steps  in  the  operations  with  rare  clearness 
and  exactness.  These  illustrations,  selected  because  of  their  practical  and  techni- 
cal value,  form  a  rich   collection,  supplementing  a  text  of  unusual  conciseness. 


SAUNDERS'  BOOKS  ON 


Webster's 
Text-Book  of  Obstetricr 


A  Text-Book  of  Obstetrics.  By  J.  Clarence  Webster,  M^D.  (Edin.), 
F.  R.  C.  P.  E.,  Professor  of  Obstetrics  and  Gynecology  in  Rush  Medical 
College,  in  Affiliation  with  the  University  of  Chicago ;  Obstetrician  and 
Gynecologist  to  the  Presbyterian  Hospital,  Chicago.  Handsome  octavo 
volume  of  767  pages,  beautifully  illustrated,  including  many  in  colors. 
Cloth,  JI5.00  net ;  Sheep  or  Half  Morocco,  il6.oo  net. 

RfXCNTLY  ISSUED— BEAUTIFULLY  ILLUSTRATED 

This  entirely  new  work  is  written  for  the  student  of  obstetrics  as  well  as  for 
the  active  practitioner.  The  anatomic  changes  accompanying  pregnancy,  labor, 
and  the  puerperium  are  described  more  fully  and  lucidly  than  in  any  other  text- 
book on  the  subject.  The  exposition  of  these  sections  is  based  mainly  upon 
studies  of  frozen  specimens,  in  which  department  the  author  has  had  a  larger 
experience  than  any  other  worker.  Unusual  consideration  is  given  to  embryo- 
logic  and  physiologic  data  of  importance  in  their  relation  to  obstetrics.  Great 
care  was  taken  in  the  selection  of  the  illustrations,  aiming  to  meet  the  varied  re- 
quirements of  both  the  undergraduate  and  the  practising  physician.  The  book 
expresses  the  most  advanced  thought  of  the  day. 


OPINIONS  OF  THE  MEDICAL  PRESS 


Medical  Record,  New  York 

••  The  author's  remarks  on  asepsis  and  antisepsis  are  admirable,  the  chapter  on  eclampsia 
is  full  of  good  material,  and  .  .  .  the  book  can  be  cordially  recommended  as  a  safe  guide." 

Buffalo  Medical  Journal 

"  As  a  practical  text-book  on  obstetrics  for  both  student  and  practitioner,  there  is  left  very 
little  to  be  desired,  it  being  as  near  perfection  as  any  compact  work  that  has  been  published." 

Dublin  Journal  of  Medical  Science 

"  Both  to  the  student  ,  .  .  and  to  the  practitioner  who  requires  the  latest  opinion  on  any 
point  of  practice,  Dr.  Webster's  book  will  be  of  the  greatest  value." 


GVNECOLOOy  AND    OBSTETRICS. 


The  American 
Text-Book  of  Obstetric/* 

Second  Editioiit  Thoroughly  Revised  and  Enlarged 


The  American  Text»Book  of  Obstetrics.  In  two  volumes.  Edited 
by  Richard  C.  Nokris,  M.D.,  Assistant  Professor  of  Obstetrics  in  the 
University  of  Pennsylvania;  Art  Editor,  Robert  L.  Dickinson,  M.D., 
Assistant  Obstetrician,  Long  Island  College  Hospital,  N,  Y.  Two 
handsome  octavo  volumes*  ii{  about  600  pages  each;  nearly  900  illus- 
trations, including  49  colored  and  half-tone  plates.  Per  volume; 
Cloth,  S3. 50  net ;  Sheep  or  Half  Morocco,  S4.00  net 

RECENTtr   ISSUED— IN   TWO  VOLUMES 

Since  the  appearance  of  the  first  edition  of  this  work  many  important  advancas 
have  been  made  in  the  science  and  art  of  obstetncs.  The  results  of  bacteriologic 
and  of  chemicobiologic  research  as  applied  to  the  pathology  of  midwifery  ;  the  wider 
rmnge  of  the  surgery  of  pregnancy,  labor,  and  of  the  puerperal  period,  embrace 
new  problems  in  obstetrics.  In  this  new  edition,  therefore,  a  thorough  and  critical 
revision  was  required,  some  of  the  chapters  being  entirely  rewritten,  and  others 
brought  up  to  date  by  careful  scrutiny.  A  number  of  new  illustrations  have  been 
added,  and  some  that  appeared  in  the  first  edition  have  been  replaced  by  others 
of  greater  excellence.  By  reason  of  these  extensive  additions  the  new  edition 
has  been  presented  in  two  volumes,  in  order  to  facilitate  ease  in  handling.  The 
pnce,  however,  remains  unchanged. 


PERSONAL  AND  PRESS  OPINIONS 


Alex.  J«  C.  Skene*  M<  D.. 

LiiU  Fr0/£sser  iff  Gynec&io^,  Long  island  Colhge  Hospital,  Brooklyn. 
"  Pemiit  mc  to  say  that  *  The  American  Text-Book  of  Obstcirics  *  is  th«  most  magQigeeat 
medical  work  that  I  have  ever  seen.     I  congratulate  you  and  thank  you  for  this  superb  work, 
which  alone  is  sufficient  to  place  you  first  in  the  ranks  of  medical  publishers.'* 

Matthew  O.  Mann,  M.  D^ 

Professor  of  Obstetrics  and  Gynecology  in  the  University  of  Bufah. 

*'  I  like  it  exceedingly  and  have  recommended  the  first  volume  as  a  text-book  for  oui 
sophomore  class.     It  is  certnLinly  3  most  excellent  work,     f  know  of  tiomc  better." 

American  Journal  of  the  Medical  Sdencct 

"As  an  authority,  as  a  book  of  reference,  as  a  'working  book*  for  iltwt  i*3a&s«iX  ^^ -^^ssJiSiF 
tioner,  we  commend  it  because  we  believe  there  is  no  belter" 


SAUNDERS'    BOOKS  ON 


Penrose's 
Diseases  of  Women 

Fifth  Revised  Edition 


A  Text-Book  of  Diseases  of  Women.  By  Charles  B.  Penrose, 
M.  D.,  Ph.  D.,  formerly  Professor  of  Gynecology  in  the  University  of 
Pennsylvania ;  Surgeon  to  the  Gynecean  Hospital,  Philadelphia.  Oc- 
tavo volume  of  550  pages,  with  225  fine  original  illustrations.     Cloth, 

113.75  net. 

RECENTLY  ISSUED 

Regularly  every  year  a  new  edition  of  this  excellent  text-book  is  called  for, 
and  it  appears  to  be  in  as  great  favor  with  physicians  as  with  students.  Indeed, 
this  book  has  taken  its  place  as  the  ideal  work  for  the  general  practitioner.  The 
author  presents  the  best  teaching  of  modem  gynecology,  untrammeled  by  anti- 
quated ideas  and  methods.  In  every  case  the  most  modem  and  progressive 
technique  is  adopted,  and  the  main  points  are  made  clear  by  excellent  illustra- 
tions. The  new  edition  has  been  carefully  revised,  much  new  matter  has  been 
added,  and  a  number  of  new  original  illustrations  have  been  introduced.  In  its 
revised  form  this  volume  continues  to  be  an  admirable  exposition  of  the  present 
status  of  gynecologic  practice. 


PERSONAL  AND  PRESS  OPINIONS 


Howard  A.  KeUy.  M.  D.» 

Professor  of  Gynecology  and  Obstetrics,  Johns  Hopkins  University,  Baltimore, 
"  I  shall  value  very  highly  the  copy  of  Penrose's  '  Diseases  of  Women'  received.     I  hare 
already  recommended  it  to  my  class  as  THE  BEST  book," 

C.  C  Monti^omery.  M.  D., 

Professor  of  Gynecology,  Jefferson  Medical  College,  Philadelphia. 
"  The  copy  of  '  A  Text-Book  of  Diseases  of  Women  '  by  Penrose,  received  to^ay.     I  have 
looked  over  it  and  admire  it  very  much.     I  have  no  doubt  it  will  have  a  large  sale,  as  it  justly 
merits." 

Bfittol  Medico-Chinir^caJ  Journal 

"  This  is  an  excellent  work  which  goes  straight  to  the  mark.  .  .  .  The  book  may  be  takes 
as  a  trustworthy  exposition  of  modem  gynecology." 


GYNECOLOGY  AND    OBSTETRICS, 


Garrigiies' 
Diseases  of  Women 

Third  Edition »  Thoroughly  Revised 


A  Text-Book  of  Diseases  of  Women.     By  Henry  J,  Garrigues, 

A. M,,  M.  D.,  Gynecologist  to  St.  Marks  Hospital  and  to  the  German 
Dispensary,  New  York  City,  Handsome  octavo,  756  pages,  with  367 
engravings  and  colored  plates.  Cloth,  S450  net;  Sheep  or  Half 
Morocco,  $5,50  net. 

INCLUDING  EMBRYOLOGY  AND  ANATOMY   Of  THE  GENITALIA 

The  first  two  editioris  of  this  work  met  with  a  most  appreciative  reception  by 
the  medical  profession  both  in  this  country  and  abroad.  !n  this  edition  '.he  entire 
work  has  been  carefully  and  thoroughly  revised^  and  considerable  new  matter 
added,  bringing  the  work  precisely  down  to  date.  Many  new  illustrations  have  been 
introduced,  thus  greaUy  increasing  the  value  of  the  book  both  as  a  text-book  and 
book  of  reference.  In  fact,  the  illustrations  form  a  complete  atlas  of  the  embry- 
ology and  anatomy  of  the  female  genitalia,  besides  portraying  most  accurately 
numerous  pathologic  conditions  and  the  various  steps  in  the  gynecologic  opera- 
tions detailed.  The  work  is,  throughout,  practical,  theoretical  discussions  being 
carefully  avoided. 


PERSONAL  AND   PRESS  OPINIONS 


Tfiod,  A.  Re&my«  M.  D. 

Professor  of  Clink  at  Gynecol ogy,  Medicat  College  of  Ohio. 

"  One  of  the  best  iext-bcK>ks  for  students  and  practitioners  which  has  been  published  In  the 
English  language;  it  is  condensed,  clear,  and  comprehensive.  The  profound  learning  and 
great  clinical  experience  of  the  distinguished  author  find  expression  in  this  book  in  a  most 
attractive  and  instructive  form/' 

Eache  I^minet,  M.  D. 

Professor  of  Gyn^coiogy  in  the  New  Y^rk  Po3t*Graduate  Medical  Scho&L 
"  I  think  that  the  profession  at  large  owes  you  gratitude  for  having  given  to  the  medical 
world  so  valuable  a  treatise.     I  shall  certainly  put  it  forward  to  my  classes  as  one  of  the  best 
guides  with  which  I  am  familmr,  not  only  with  which  to  study,  but  for  constant  consultations.'* 

American  Jottmal  of  the  Medical  Sciences 

*  It  reflects  the  large  experience  of  th*-  riuthor,  both  as  a  clinician  and  a  teacher*  and  com- 
prehends much  not  ordinarily  found  in  textbooks  on  gynecologv,     llie  book  is  one  of  the 
aio«t  complete  treatises  on  gynecology  thai  we  have,  dealing  broadly  with  all  phases  of  thc^ 
subfwt/' 


lo  SAUNDERS*    BOOKS  ON 

GET  ^  •  THE  NEW 

THE  BEST  jmlllCriCSill  STANDARD 

Illustrated  Dictionary 

Third  Revised  Edition— Recently  Issued 


The  American  Illustrated  Medical  Dictionary.  A  new  and  com- 
plete dictionary  of  the  terms  used  in  Medicine,  Surgery,  Dentistry, 
Pharmacy,  Chemistry,  and  kindred  branches ;  with  over  lOO  new  and 
elaborate  tables  and  many  handsome  illustrations.  By  W.  A.  Newman 
DoRLAND,  M.  D.,  Elditor  of  "  The  American  Pocket  Medical  Diction- 
ary." Large  octavo,  nearly  800  pages,  bound  in  full  flexible  leather. 
Price,  ^4.50  net;  with  thumb  index,  1^5.00  net. 

Glv«t  a  Mudmum  AmomiC  of  Matter  in  a  Minimtim  Space,  and  at  tlie  LowmI 

Possible  Cost 

THREE  EDITIONS  IN  THREE  YEARS— WITH  15OO  NEW  TERMS 

The  immediate  success  of  this  work  is  due  to  the  special  features  that  distin- 
guish it  from  other  books  of  its  kind.  It  gives  a  maximum  of  matter  in  a  mini- 
mum space  and  at  the  lowest  possible  cost.  Though  it  is  practically  unabridged* 
yet  by  the  use  of  thin  bible  paper  and  flexible  morocco  binding  it  is  only  i  ^ 
inches  thick.  The  result  is  a  truly  luxurious  specimen  of  book-making.  In  this 
new  edition  the  book  has  been  thoroughly  revised,  and  upward  of  fifteen  hundred 
new  terms  that  have  appeared  in  recent  medical  literature  have  been  added,  thus 
bringing  the  book  absolutely  up  to  date.  The  book  contains  hundreds  of  terms 
not  to  be  found  in  any  other  dictionary,  over  100  original  tables,  and  many  hand- 
some illustrations,  a  number  in  colors. 


PERSONAL   OPINIONS 


Howard  A.  Kelly.  M.  D.» 

Professor  of  Gynecology,  Johns  Hopkins  University,  Baltimore. 

"  Dr.  norland's  dictionary  is  admirable.     It  is  so  well  gotten  up  and  of  such  conveni«at 
size.     No  errors  have  been  found  in  my  use  of  it." 

Rotwell  Park,  M.  D., 

Professor  of  Principles  and  Practice  of  Surgery  and  of  Clinical  Surgery,  UnivertUy  of 

Buffalo. 
"  I  must  acknowledge  my  astonishment  at  seeing  how  much  he  has  condensed  within  rela- 
tively small  space.     I  find  nothing  to  criticize,  very  much  to  commend,  and  was  interested  ta 
finding  some  of  the  new  words  which  are  not  in  other  recent  dictionaries." 


American 
Text-Book  of  Gynecology 

Second  Edition,  Thoroughly  Revised 


n 


Amerfcati  Text-Book  of  Gynecology :  Medical  and  Surgicai^ 
By  10  of  the  leading  Gynecologists  of  America.  Edited  by  J.  M 
Baldv,  M.  D.,  Professor  of  Gynecology  in  the  Philadelphia  Polyclinic. 
Handsome  imperial  octavo  volume  of  718  pages^  with  341  illustrations 
in  the  text,  and  }S  colored  and  half-tone  plates.  Clothe  jS^.oo  net; 
Sheep  or  Half  Morocco,  S7.00  net. 

MEDICAL  AND  SURGICAL 

This  volume  is  thoroughly  practical  in  its  teachings,  and  is  intended  to  be  a 
working  text-book  for  physicians  and  students.  Many  of  the  most  important 
subjects  are  considered  from  an  entirely  new  standpoint,  and  are  grouped  together 
in  a  manner  somewhat  foreign  to  the  accepted  custom.  In  the  revised  edition 
of  this  book  much  new  material  has  beeti  added  and  some  of  the  old  eliminated 
or  modified.  More  than  forty  of  the  old  illustrations  have  been  replaced  by  new  ■ 
ones.  The  portions  devoted  to  plastic  work  have  been  so  greatly  improved  as 
to  be  practically  new.  Hysterectomy,  both  abdominal  and  vaginal,  has  been 
rewritten,  and  all  the  descriptions  of  operative  procedures  have  been  carefully 
revised  and  fully  illustrated. 


OPINIONS  OF  THE   MEDICAL  PRESS 


The  L&ncet*  London 

'Contains  a  large-  amount  of  informatinn  upon  special  points  m  the  technique  of  gyne- 
cological operaitions  which  is  not  to  be  found  in  the  ordinary  text-book  of  gynecology,** 

Eotiili  Medicfi]  Jcnnnal 

**  The  nature  of  the  text  may  be  judged  from  its  authorship;  the  distinguished  authorities 
who  have  compiled  this  publicatiou  have  done  thcar  work  welL  This  addition  to  medicul 
literature  desenes  favorabU*  comment." 

BiMton  Medical  and  Sin^Cftl  Journal 

"  TlvL»  most  complett?  rxpont'ni  of  gynecology  which  we  have.     No  subject  seems  to  have 
been  neglected  .  ,  .  and  the  gynecologist  and  surgeon,  and  the  general  practitioner  who  has 
aay  desire  to  practise  diseases  of  women,  will  find  it  of  practical  value.     In  the  matter  o(  illtt** 
tT«tJoas  and  pkles  the  book  surpasses  anything  we  have  seen." 
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Dorland's 
Modern   Obstetric«r 

Modern  Obstetrics:  General  and  Operative-     By  W,  A,  Newman 

Borland,  A.  M.,  M.  D..  Assistant  Instructor  in  Obstetrics,  Univer- 
sity of  Pennsylvania;  Associate  in  Gynecology  in  the  Philadelphia 
Polyclinic.  Handsome  octavo  volume  of  797  pages,  with  201  illustra- 
tions.    Cloth,  S4.00  net. 

Second  Edition,  Revised  and  Greatly  Enlarged 

In  this  edition  the  book  has  been  entirely  rewritten  and  very  greatly  enlarged. 
Among  the  new  subjects  introduced  are  the  surgical  treatment  of  puerperal  sepsis, 
infant  mortaJity.  phiccntal  transmission  of  diseases,  serum -therapy  of  puerperal 
sepsis,  etc.  By  new  ilhistralions  the  text  has  been  elucidated,  and  the  subject  pre- 
sented in  a  most  instructive  and  acceptable  form* 

Journal  of  the  AmericAn  Medical  Auociatkin 

"  This  work  deserves  comroendation,  and  ibat  it  has  received  whal  it  deserves  at  the  hands 
of  the  profession  is  attested  by  the  fact  th;it  a  second  edition  is  called  for  within  such  a  ^hort 
tiine.     E&pecially  deserving  of  prais«  is  the  chapter  on  puerperal  seipsts." 

Davis'  Obstetric  and 
Gynecologic  Nursing 


Obstetric  and  Oynecologic  Nursing*    By  Edward  P.  Davis,  A.  M., 

M.  D.,  Professor  of  Obstetrics   in   the  Jefferson  Medical  College  and 
Philadelphia  Polyclinic ;    Obstetrician    and    Gynecologist,   Philadelphia 
Hospital.      i2mo  of  400  pages,  illustrated.     Bwckram,  J 1 75   net. 
RECENTLY  ISSUED— SECOND  REVISED  EDITION 

Obstetric  nursing  demands  some  knowledge  of  natural  pregnancy,  and  g>T»e- 
cologic  nursing,  really  a  branch  nf  surgical  nursing,  requires  special  instnictton 
and  training.  rhis  volume  presents  this  information  in  ihe  most  convenient 
form.  This  second  edition  has  been  very  carefully  revised  throughout,  bringing 
the  subject  down  to  date. 

Tlie  Lancet,  London 

"  Not  only  nurses^  tint  fvcn  nrwly  qualified  medical  men,  would  learn  a  C^eat  tl*-iil  by  a 
perusal  of  this  bc»ok.  It  is  written  in  a  clear  and  pleasant  style,  and  Is  a  work  IM  ean  recom- 
mend/' 
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Schafier  and  Edgar's 

Labor  and  Operative  Obstetrics 

Atlas  and  Bpitoine  of  Labor  and  Operative  Obstetrics,     By  DiL 

O.  ScHAFFER,  of  Heidelberg.  From  the  Fifth  Rivistd  ami  F^nlarged 
German  Edition.  Edited,  with  additions,  by  J.  Clifton  Edgar,  M.  D., 
Professor  of  Obstetrics  and  Clinical  Midwifery.  Cornell  University  Medi- 
cal School,  New  York.  With  14  lithographic  plates  in  colors,  139  other 
illustrations,  and  ill  pages  of  text.  Cloth.  g2.oo  net  In  Saunders* 
Nand'Atlai  Scries.  > 

This  book  presents  the  act  of  parturiticm  and  the  various  obstetric  operations 
in  a  series  of  easily  imderstood  illustrations,  accompanied  by  a  text  treating  the 
subject  from  a  practical  standpoint.  The  author  has  added  many  accurate  repre- 
sentations of  manipulations  and  conditions  never  before  clearly  illustrated. 

Aiii«ficAit  Medicine  ' 

"  1  Ije  method  of  presenting  obsictric  operations  is  atlmirabie.  The  drawings,  representing 
original  work^  have  the  cDmniicndablc  merit  of  illustrating  instead  uf  donfusing.  It  would  be 
difficult  to  find  one  htindred  pages  in  better  form  or  containing  nmre  practical  points  for 
studenls  or  practitioners/' 

Schaffer  and  Edgar's      ^ 

Obstetric  Diagnosis  and  Treatment 


Atlas  and  Gpatome  of  Obstetric  Diae^nosls  and  Treatment.  By 
Dr.  O.  ScHAFFER,  of  Hcidtflbcrg.  From  the  Second  Reikis ed  German 
Edition,  Edited,  with  addition.s,  by  J.  Clifton  Edgar,  M.  D..  Professor 
of  Obstetrics  and  Clinica!  Midwifery^  Cornel!  University  Medical  School, 
N.  Y.  With  122  colored  figLires  on  56  plates,  38  text-cuts,  and  315 
pages  of  text.     Cloth,  S3. 00  net.    ///  Saunders'  Hand-Ailas  Series. 

This  book  treats  particularly  of  obstetric  operations,  and,  besides  the  wealth 
of  beautiful  lithographic  illustrations,  contains  an  extensive  text  of  great  value. 
This  text  deals  with  the  practical,  clinical  side  of  the  subject.  The  symptoma- 
tology and  diagnosis  are  discussed  with  all  necessary  fullness,  and  the  indications 
for  treatment  are  delinite  and  complete. 

New  York  Medic&l  Joum&l 

"The  illustrations  are  admirably  executed,  as  they  are  in  all  of  these  atlases,  and  the  text 
can  SAfely  be  comTnended,  not  only  as  elucidatory  of  the  plates,  but  as  expounding  the  scien- 
tific ntidwifery  of  to-day." 


Schaffer  and  Norris' 
I  Gynecolo^ 

Atlas  and  Bpitome  of  Qynecology.  By  Dr.  O.  Schaffer,  of 
Heidelberg.  From  the  Second  Revised  and  EpUarged  German  Edition. 
Edited,  with  additions,  by  Richard  C.  Nokris,  A.  M,,  M.  D,,  GvTiecolo- 
gist  to  Methodist  Episcopal  and  Philadelphia  Hospitals.  With  207 
colored  figures  on  90  plates,  65  text-cuts,  and  308  pages  of  text. 
Cloth,  $3.50  net.     In  Samiders'  Hand- Atlas  Series, 

The  value  of  this  atlas  to  the  medical  student  and  to  the  general  practitiuner 
will  be  found  not  only  in  the  concise  explanatory  text,  but  especially  in  the  illys- 
trations.  The  large  number  of  colored  plates,  repniducing  the  appearance  af 
fresh  specimens,  give  an  accurate  mental  picture  and  a  knowledge  of  the  changes 
induced  by  disease  of  the  pelvic  organs  that  cannot  be  obtained  fnc»m  mere 
description. 

American  Joitmal  of  the  Medic&l  Sciences 

"  Of  the  illustrations  it  is  difficult  to  speak  in  too  high  terms  of  flpprovaL  They  are  so 
clear  and  true  to  nature  that  the  accornpanyiug  exfilanations  are  almost  superfluous.  We 
commrnd  it  most  earnestly." 

Galbraith's 
Four  Epochs  of  Woman's  Life 

Second  Revised  Editioe — Recently  Issued 

The  Four  Epfichs  of  Woman's  Life:  A  Study  in  Hygiene,     By 

Anna  M.  Galbraith;  M,  D.,  Fellow  of  the  New  York  Academy  of 
Medicine,  etc.  With  an  Introductory  Note  by  John  H.  Musser, 
M.  D.,  Professor  of  Clinical  Medicine,  University  of  Pennsylvania. 
i2mo  of  247  pages.     Cloth,  gi.50  net 

MAIDENHOOD,    MARRlAGC.    MATCRNITY*   MCNOPAUSC 

In  this  instnictive  work  are  stated,  in  a  modest,  pleasing,  and  conclusive  manner. 
those  truths  of  which  every  woman  should  have  a  thorough  knowledge.  Written, 
as  it  is,  for  the  laity,  the  subjeci:  is  discussed  in  language  readily  grasped  even  by 
those  most  unfamiliar  with  medical  subjects. 

Btmun^ham  Medical  Review,  Cfi^ftnd 

"  Wc  du  not  as  a  rule  cire  for  medical  hooks  written  far  the  instruction  of  the  poblle.  Bat 
we  must  admit  that  the  advice  in  Dr.  G«lbmith's  work  11  in  the  main  wlie  and  wholesome." 
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Schaffer  and  Webster's 
Operative  Gynecology 


Atlas  and  Epitome  of  Operative  Gynecology.  By  Dr.  O.  Schaf- 
fer. of  Heidelberg.  Fldited,  with  additions,  by  J.  Clarence  Webster, 
M.D.  (Edin.),  F.R.C.RE.,  Professor  of  Obstetrics  and  Gynecology  in 
Rush  Medical  College,  in  affiliation  with  the  University  of  Chicago. 
42  colored  lithographic  plates,  many  text-cuts,  a  number  in  colors,  and 
138  pages  of  text.     ///  Snu^tdtrs'  Hand- A  this  Siries.    Cloth,  $3.00  net. 

RECENTLY   ISSUED 

Much  patient  endeavor  has  been  expended  by  the  author,  the  artist,  and  the 
lithographer  in  the  preparation  of  the  plates  of  this  atlas.  They  are  based  on 
hundreds  of  photographs  taken  from  nature,  and  illustrate  most  faithfully  the 
various  surgical  situations.  Dr.  SchalTer  has  made  a  specialty  of  demonstrating 
by  illustrations. 

Medicftl  Record,  New  York 

**  The  volume  should  prove  mo<.t  helpful  to  student  and  others  in  grasping  details  usually 
to  be  acquired  only  in  the  amphitheater  itself.  " 

De  Lee's 

Obstetrics  for  Nurses 


Obstetrics  for  Nurses.  By  Joseph  B.  De  Lee,  M.D.,  Professor  of 
Obstetrics  in  the  Northwestern  University  Medical  School ;  Lecturer 
in  the  Nurses*  Trainin*;  Schools  of  Mercy »  Wesley;  Provident,  Cook 
County,  and  Chicago  Lying-in  Hospitals.     i2nio  volume  of  460  pages, 

fully  illustrated.  Cloth,  $2.50  net. 

RECENTLY  ISSUED 

While  Dr.  De  Lee  has  written  his  work  especially  for  nurscs>  yet  the  prac- 
titioner will  find  it  useful  and  instructive*  since  the  duties  of  a  nurse  often  devolve 
upon  him  in  the  early  years  of  his  practice.  The  il  hi  strati  ons  are  nearly  all 
original,  and  represent  photographs  taken  from  actual  scenes.  The  text  is  the 
result  of  the  author's  eight  years'  experience  in  lecturing  to  tJie  nurses  of  (ive 
diflerent  traming  schools. 

j.  Clifton  Edg&r.  M.  D.« 

Professor  of  Ohsftfrt^i  and  Ciinical  Afidwiftry,  Corn  tit  Uttivtnity,  New  York. 
"  1 1  is  far  and  away  ihr  b«l  that  has  come  to  my  notice,  and  I  shaV\  v^sije.  ^j*--toSvT$^*»sfl««t-'««». 
recommending  it  lo  my  nurses,  and  students  as  well." 
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American  Pocket  Dictionary  ^''"'t^^^St^^t^ 

The  American  Pocket  Medical  Dictionary.  Edited  by  W. 
A.  Newman  Borland,  A.  M.,  M.  D.,  Assistant  Obstetrician  to  the 
Hospital  of  the  University  of  Pennsylvania ;  Fellow  of  the  American 
Academy  of  Medicine.  Over  550  pages.  Full  leather,  limp,  with 
gold  edges.     11 1.00  net ;  with  patent  thumb  index,  II1.25  net. 

Jamet  W.  Holland.  M.D.. 

Professor  of  Medical  Chemistry  and  Toxicology,  and  Dean,  Jefferson  Medical  College 
Philadelphia. 

"  I  am  struck  at  once  with  admiration  at  the  compact  size  and  attractive  exterior.  T 
can  recommend  it  to  our  students  without  reserve." 

Jtitt  ftHMMJ 

Crat^n's  Gynecolo£K-  New(6tii)Cdiiioii 

Essentials  of  Gynecology.  By  Edwin  B.  Cragin,  M.  D., 
Professor  of  Obstetrics,  College  of  Physicians  and  Surgeons,  New 
York.  Crown  octavo,  215  pages,  62  iilustratioi.s.  Cloth,  |li.oo 
net.     ///  Saunders'  Question- Compend  Serie*', 

The  Medical  Record,  New  York 

"  A  handy  volume  and  a  distinct  improvement  ^  students'  compends  in  general. 
No  author  who  was  not  himself  a  practical  f;^ecologist  could  have  consulted  the 
student's  needs  so  thoroughly  as  Dr.  Cragin  has  done." 

Boisliniere's  Obstetric  Accidents,  Emeri^encies,  and 
Operations 

Obstetric  Accidents,  Emergenxies,  and  Operations.  By 
the  late  L.  Ch.  Boisliniere,  M.  D.,  Emeritus  Professor  of  Ob- 
stetrics, St.  Louis  Medical  College ;  Consulting  Physician.  St.  Louis 
Female  Hospital.     381  pages,  illustrated.     Cloth,  II2.00  net. 

Britith  Medical  Journal 

"  It  is  clearly  and  concisely  written,  and  is  evidently  the  work  of  a  teacher  and  practi- 
tioner of  large  experience.    Its  merit  lies  in  the  judgment  which  comes  from  experience." 

Ashton'S    Obstetrics.  J«rt  Iiiued-New  (6th)  Edilioo 

E.SSENTIALS  OF  Ohstetrics.  By  W.  Easterly  Ashton,  M.D., 
Professor  of  Gynecology  in  the  Medico-Chirurgical  College,  Phila- 
delphia. Crown  octavo,  256  pages,  75  illustrations.  Cloth,  |li.oo 
net.     In  Saunders'  Question- Com pend  Series. 

SoutnAm  Practitioner 

"An  excellent  little  volume  containing  correct  and  practical  knowledge.  An  admir- 
able compend,  and  the  best  condensation  we  have  seen." 

Barton  and  Wells'  Medical  Thesaurus  Recently  issued 

A  Thesaurus  of  Medical  Words  and  Phrases.  By  Wilfred 
M.  Barton,  M.  D.,  Assistant  to  Professor  of  Materia  Medica  and 
Therapeutics.  Georgetown  University,  Washington,  D.  C. ;  and 
Walter  A.  Weli-s.  M.  D.,  Demonstrator  of  laryngology,  George- 
town University,  Washington,  D.  C.  i2mo  of  534  pages.  Flex- 
ible leather,  II2.50  net ;  with  thumb  index,  II3.00  net. 


Jin       Stengel,    p.     4S500 
SdSS  A  text-boo2£   of  pathqj 
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